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Abstract 
 

The common carp (Cyprinus carpio) is a popular target fish species in recreational fishing. In 

Europe, the species is often targeted by highly specialized carp anglers who often practice 

voluntary catch-and-release (C&R). Catch-and-release can result in repeated contacts of 

individual fish with fishing gear, which are likely perceived as stressful and harmful events by 

released individuals. Previous work has shown that common carp are able to remember a 

single hooking experience for up to 14 months, which reduces individual vulnerability to 

angling gear in the future. The hook avoidance behavior can be either the result of a private 

hooking experience or can be socially learned by observing a conspecific being hooked and 

released. The open question, whether repeated private or social hooking experiences increase 

the hook avoidance behavior in common carp relative to single hooking events, was addressed 

in this thesis. Furthermore, it was hypothesized that the presence of an experienced 

demonstrator fosters higher hook avoidance abilities in carp compared to situations lacking a 

demonstrator. Using a fully controlled experimental design in a laboratory environment, 74 

common carp were either exposed to a repeated, a new or an old (hooking experience that 

was 17 months old) private or social hooking experience, and examined for hook avoidance 

within aquaria on the next three consecutive days. The behavior towards non-threatening 

sham-rigs (i.e., removed hook tip) or freebait served as measures for hook avoidance and was 

compared to angling-naïve controls. Private hook avoidance was found to be present in all 

experiments, whereas observations of social hook avoidance were not evident on statistical 

grounds. The repeated and the new private hooking experience was of similar magnitude two 

hours post rehooking, whereas two days after rehooking the repeated private experience 

induced a stronger hooking avoidance than being hooked only once. There was no statistically 

supported effect of the presence of a demonstrator on carp hook avoidance. Overall, this 

thesis experimentally supports previous findings that privately learned hook avoidance is 

present in carp and that repeated contacts with fishing hooks decrease the individual 

vulnerability to angling of common carp. Reduced catchability can negatively affect angler 

satisfaction or bias catch-based stock assessments and should be considered when managing 

recreational carp fisheries.
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Introduction 
 

Recreational fishing is a global leisure and outdoor activity commonly practiced in 

industrialized countries (Arlinghaus et al. 2015). Only a fraction of fish captured during 

recreational fishing are used for human consumption as the fishing mortality is assumed to be 

approximately 36.6% of the total catch with the remaining fish released alive (Cooke and Cowx 

2004, 2006, Cooke et al. 2018). Although catch-and-release (C&R) may reduce fishing 

mortality, it will leave fish with a hooking experience that can result in the individual learning 

to avoid future captures (Beukema 1970a, b, Clark 1983, Lennox et al. 2017, Meekan et al. 

2018, Louison et al. 2019a, b, Lovén Wallerius et al. 2020, Czapla 2021) and thereby negatively 

affecting future catch rates. Catch-and-release may be obligatory because of regulations, such 

as size-restrictions, closed seasons or bag limits (Policansky 2002, Bartholomew and Bohnsack 

2005), but C&R is also practiced voluntarily due to personal moral or conservation ethics 

(Policansky 2002, Arlinghaus et al. 2007, Stensland et al. 2013, Gargan et al. 2015).  

The voluntary practice of C&R fishing is particularly common among highly specialized 

freshwater anglers (Arlinghaus and Mehner 2003, Arlinghaus et al. 2007) targeting species 

such as largemouth bass (Micropterus salmoides) (Myers et al. 2008), northern pike (Esox 

lucius) (Pierce et al. 1995, Margenau et al. 2003, Arlinghaus et al. 2017a), muskellunge (Esox 

masquinongy) and walleye (Sander vitreus) (Sass and Shaw 2020) or common carp (Cyprinus 

carpio) (Arlinghaus 2007). Although the hooking mortality of many freshwater fishes is usually 

low (median 7.8 - 11%) when captured in shallow water and deep hooking is avoided 

(Bartholomew and Bohnsack 2005, Hühn and Arlinghaus 2011), the hooking experience and 

associated handling (e.g., air exposure) has the potential to induce sub-lethal effects like 

short-term physiological changes (Rapp et al. 2012, 2014, Cooke et al. 2013, Lennox et al. 

2016a, Louison et al. 2017, Twardek et al. 2018, Card and Hasler 2021), altered foraging 

behavior (Siepker et al. 2006, Stålhammer et al. 2012), seeking safer habitats (Klefoth et al. 

2008, Hlina et al. 2021) or other behavioral impairments (Klefoth et al. 2011, McArley and 

Herbert 2014, Lennox et al. 2015, Rieble 2021). These sub-lethal effects show that the angling 

experience maybe perceived as stressful and perhaps even unpleasant from a fish’s 

perspective. Learning to avoid future hooking events may thus be an adaptive behavioral 

reaction to counteract such effects.  
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Several studies have revealed that fish, which were hooked once and then returned to 

the water, were indeed more difficult to catch in future angling situations (e.g., Beukema 

1970a, b, van Poorten and Post 2005, Askey et al. 2006, Kuparinen et al. 2010, Klefoth et al. 

2013, Arlinghaus et al. 2017a, Lovén Wallerius et al. 2020, Czapla 2021). Such behavioral 

adjustments were found in a number of different species, for example largemouth bass 

(Anderson and Heman 1969, Hackney and Linkous 1978, Burkett et al. 1986, Hessenauer et al. 

2016, Wegener et al. 2018, Lousion et al. 2019b), rainbow trout (Oncorhynchus mykiss) (Askey 

et al. 2006, Lovén Wallerius et al. 2019, Koeck et al. 2020), sea bream (Pagrus major) 

(Takahashi and Masuda 2021), brown trout (Salmo trutta) (Young and Hayes 2004), Atlantic 

salmon (Salmo salar) (Lennox et al. 2016b), northern pike (Beukema 1970a, Kuparinen et al. 

2010, Arlinghaus et al. 2017a) or common carp (Beukema 1970b, Beukema and de Vos 1974, 

Raat 1985, Klefoth et al. 2013, Lovén Wallerius et al. 2020, Czapla 2021).  However, that a 

reduced vulnerability to angling does not have to occur every time due to a C&R event was 

shown in a study with cutthroat trout (Oncorhynchus clarkii) (Schill et al. 1986). The 

development of a more cautious behavior to angling gear is commonly termed lure, gear or 

hook avoidance behavior and describes a population level phenomenon, where catchability 

decreases over time under constant angling effort and fish density (e.g., Beukema 1970a, b, 

Fernö und Huse 1983, Raat 1985, Klefoth et al. 2013, Arlinghaus et al. 2017a, Wegener et al. 

2018, Lovén Wallerius et al. 2020). Hook avoidance learning is especially widespread in total 

C&R fisheries, where population sizes usually stay relatively constant to guarantee good 

fishing opportunities, while high fishing pressures result in less catchable fish stocks over time 

(Askey et al. 2006, Sass and Shaw 2020). This can negatively affect angler satisfaction 

(Arlinghaus et al. 2014, Beardmore et al. 2015, Birdsong et al. 2021) or catch-based stock 

assessments due to hyperdepletion (Alós et al. 2015, 2019). In contrast to hook avoidance, 

gear avoidance is also known for other fishing gear such as seining (Wohlfarth et al. 1975), 

small trawl nets (Brown and Laland 2002), pelagic trawling nets (Misund and Aglen 1992) or 

purse seining (Misund 1993) where fish can learn to escape. Gear avoidance can reduce the 

efficiency of fishing gear or bias fish abundances predicted with catch-per-unit-effort (Fréon 

et al. 1993, Fernö et al. 2006).  

The relatively high cognitive capabilities of fish, confirmed over recent decades in many 

contexts such as mate choice, foraging, migration and orientation, eavesdropping and 

antipredator behaviors (Kieffer and Colgan 1992, Brown and Laland 2003, Warburton 2003), 
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are mainly responsible for the development of distinct gear or hook avoidance behaviors. 

Learning new behavioral patterns and using them correctly in later decision-making processes 

in the context of finding prey and avoiding predators has adaptive value and can strongly 

increase fitness (Warburton 2003, Manassa and McCormick 2012, 2013, Griesser and Suzuki 

2017). Catch-and-release fishing can be viewed as a novel predator-prey interaction, where 

the encounter with an angler (in this case the predator) seldom ends up in mortality (Hühn 

and Arlinghaus 2011), thus creating opportunities for the fish to learn. For successful hook or 

gear avoidance learning fish must learn to associate individual cues emitted by the angler and 

fishing gear with the risk of being captured. A key difficulty is that unlike natural predators, 

fishing hooks are relatively small and do not emit olfactory cues (except when baited up), 

making them difficult for fish to detect (Meekan et al. 2018). Fish must therefore develop risk 

assessing abilities, which may be done by visual or tactile cues or as well by evaluating the 

potential threat through behavior and cues from conspecifics to avoid contact with fishing 

gear (Brown 2003, Young and Hayes 2004, Brown et al. 2011a, Manassa and McCormick 2012, 

2013, Meekan et al. 2018, Takahashi and Masuda 2021). 

Fish can learn from a private experience with a non-lethal outcome, where the 

acquired knowledge is used to adjust the behavior to successfully navigate a similar future 

situation (Dill 1983, Kieffer and Colgan 1992, Brown et al. 2011a). One method of private 

learning is classical (Pavlovian) conditioning, in which two events overlap to a sufficient extent 

in time and space so that an initial cue can be associated with either a rewarding experience 

(Williams et al. 2002, Al-Imari and Gerlai 2008, Lucon-Xiccato and Bisazza 2017, Roy et al. 

2019) or an aversive (Huntingford and Wright 1989, Dunlop et al. 2006) stimulus (Lieberman 

1990, Fernö et al. 2020). By this, fish can learn to prepare for crucial events before they occur, 

like avoiding or approaching associated cues (Fernö et al. 2020). Thus, it may possible that an 

acquired hook avoidance behavior is the result of a classical conditioning where the fishing 

hook (conditional cue) is associated to a negative reinforcement (unconditional cue) in terms 

of a physiological stress response based on the hooking experience (Lieberman 1990, Fernö 

et al. 2006, 2020). An example for this conditioning would be that fish learn to associate the 

angling rig with later physical contact to a fishing hook, followed by hooking-related injuries 

and physiological stress responses, which results in avoiding the angling rig (Arlinghaus et al. 

2007, Suski et al. 2007, Cooke et al. 2013, Eckroth et al. 2014, Pullen et al. 2017, Lovén 

Wallerius et al. 2019). Physiological stress responses are primarily caused by hook pulling, 
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handling or air-exposure (Arlinghaus et al. 2007, 2009, Rose et al. 2014) rather than by the 

hook itself (Eckroth et al. 2014). Even though such physiological changes decrease within a 

few hours, if the capture event manifests itself into a behavioral change (i.e., tertiary stress 

response), it may be assumed that the experience was perceived as an aversive stimulus by 

the fish (Barton 2002, Schreck and Tort 2016). The energetic costs of such stress responses 

(Schreck and Tort 2016) suggest that it should be very advantageous for fish to avoid hooking 

events by learned hook avoidance. 

That fish make use of associative learning, such as classical conditioning, with regard 

to threats was already confirmed in several studies. For instance, goldfish (Carassius auratus) 

could learn to avoid certain areas within an aquarium by receiving electrical shocks (Dunlop 

et al. 2006). Three-spined sticklebacks (Gasterosteus aculeatus) learned to avoid preferred 

feeding patches as they were attacked each time by an aerial model predator (Huntingford 

and Wright 1989). Predator-naïve fathead minnows (Pimephales promelas) were able to 

associate the odor of a predator (conditional cue) with chemical alarm cues (unconditional 

cue) and learned to recognize an unknown predator in later experiments (Ferrari et al. 2005). 

In each of the mentioned cases, the fish were able to associate a privately experienced cue 

with a potential threat, which resulted in a distinct reaction. However, fish also learn by social 

learning processes, which happen when an individual receives information given by others 

through observation or other social interactions (Brown and Laland 2003, Griffin 2004). Thus, 

it would be possible through social learning to avoid a future hooking experience successfully 

without ever been captured once (Lovén Wallerius et al. 2020, Czapla 2021). 

Social learning ability is highly beneficial as it allows for a far more rapid information 

spread between individuals than if learning was only possible through direct experience 

(Griffin 2004, Sumpter et al. 2008, Brown and Laland 2011, Ward et al. 2011, Wolf et al. 2013). 

Individuals that receive and use socially transmitted information are commonly called 

“observers”. By contrast, the individuals that release cues (e.g., behavioral or chemical) during 

a direct experience, are called “demonstrators” (Brown and Laland 2003, Clark 2013). The 

transmission of social information given by demonstrators is often just a simple behavioral or 

chemical signal towards the observers (Brown 2003, Hartman and Abrahams 2000), whereby 

the process of social learning is only complete when an observer uses the socially acquired 

information and adapts the own behavior accordingly (Kieffer and Colgan 1992, Heyes 1994, 

Brown and Laland 2003, Griffin 2004, Clark 2013). Learning from more experienced 
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demonstrators has a large adaptive value, considering risk avoidance without exposure to the 

risk of predation directly (Brown and Laland 2011). In particular, avoiding an encounter with 

a potential predator can be a very energetic costly activity or even deadly, as the energy and 

time could be better spent on mating and foraging instead of hiding and being on low risk 

getting predated (Ryer and Olla 1998, Walters 2000, Killen and Brown 2006). While learning 

about predators tolerates little to no room for mistakes, observing how other individuals avoid 

threats is highly effective (Brown and Laland 2003, Griffin 2004). In addition to the appropriate 

reaction in the respective situation, it is critical to identify threatening cues quickly and to 

react appropriately.  

Over recent decades, the capacity of fishes for social learning in the context of 

predation risk has been covered in a number of studies and reviews (e.g., Brown and Laland 

2002, 2003, Kelley and Magurran 2003, Griffin 2004). For instance, Brown and Laland (2002) 

reported that naïve groups of guppies (Poecilia reticulata) (observer) were better able to 

escape from a trawl net apparatus (predator) in the presence of trained guppies 

(demonstrator) compared to situations lacking demonstrative conspecifics. Juveniles of the 

Japanese flounder (Paralichthys olivaceus) were able to develop suitable antipredator 

strategies (e.g., swimming closer to the bottom during feeding), just by observing conspecifics, 

which were attacked by a predator (Arai et al. 2007). Other studies have found that social 

learning has the potential to improve the survival rate of hatchery reared fish post stocking 

when being together with wild fish during initial captivity (Suboski and Templeton 1989, 

Brown and Laland 2001, Vilhunen et al. 2005). During the retention with wild fish, hatchery 

reared individuals can copy demonstrated and locally adapted behaviors from wild fish in a 

very fast and effective way, which enhances the future survival in the wild (Brown and Laland 

2001).  

As the angler represents a novel predator for fish it is quite conceivable that also 

behavioral changes can occur to avoid contact with fishing gear due to social learning 

processes. Hunter and Wisby (1964) revealed that carp showed higher avoidance towards a 

“predatory” net when being grouped compared to situations the carp were alone in the tank. 

Other observational studies also suggested that fish like carp could have social learning as 

catch rates of the entire population quickly dropped after the onset of fishing, despite only 

capturing a fraction of the population (Beukema 1970b, Raat 1985, Klefoth et al. 2013). Yet, 

empirical tests of social learning of hook avoidance failed in largemouth bass and rainbow 
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trout, although the latter showed stress response (i.e., increased heart rates) when exposed 

to hooking experiences of conspecifics (Wegener et al. 2018, Louison et al. 2019b, Lovén 

Wallerius et al. 2019). Strong evidence for social learning of hook avoidance to date has only 

been shown in angled carp (Lovén Wallerius et al. 2020, Czapla 2021). Lovén Wallerius et al. 

(2020) and Czapla (2021) reported in a fully controlled laboratory angling experiment with 

common carp that not only a single and direct private hooking experience but also observing 

a conspecific being hooked once (social experience) fostered a hook avoidance behavior when 

the carp were tested later in solitary and without a demonstrator. In addition, Klefoth et al. 

(2013) observed that a group of carp became less catchable after the fish were exposed to 

just a few angling sessions in large tanks and ponds. The authors suggested that some form of 

socially learned hook avoidance took place, as only a fraction was caught (Klefoth et al. 2013). 

Monk and Arlinghaus (2017) also described sharp declines in catch rates in a study with 

tracking carp in the wild shortly after the onset of angling and only a few carp were captured. 

Although this might be suggestive of disturbing the fish by the presence and noise of anglers, 

the telemetry data revealed that the carp were still on the prebaited angling sites and most 

likely learned how to expel and identify the angling rig (Monk and Arlinghaus 2017). In view 

of these results, it is very likely that social learning of fish takes place within recreational 

fishing, even though some evidence failed most probably due to species-specific differences 

in learning (Coble et al. 1985). 

How long fish can remember a hooking experience is an often discussed topic 

(Beukema 1970b, Raat 1985). For instance, Beukema (1970b) stated that carp were able to 

remember a hooking event for a year. Although, Raat (1985) also reported strong reductions 

in carp catch rates similar to Beukema (1970b), this behavior could not be maintained over a 

year. Recent findings on common carp provided additional evidence for Beukema’s (1970b) 

findings, as Czapla (2021) confirmed that carp were able to retain privately and socially 

learned hook avoidance up to 14 months when tested solitary in aquaria. Remembering and 

applying information and behaviors over longer periods is an energetically demanding task 

(Fernö et al. 2020), as more cautious behavior or seeking refuge eliminates time to reproduce 

or feed (Kraemer and Golding 1997, Ryer and Olla 1998, Walters 2000, Killen and Brown 2006, 

Ferrari et al. 2010, Brown et al. 2011b). Depending on the severity of the initial experience, 

the energetic costs of memory could mean that fish remember certain experiences only for a 

limited amount of time. Indeed, several studies reported that fish are able to remember 
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particular threats and maintain distinct behaviors for several days (Davis and Agranoff 1966, 

Brown and Smith 1998, Dunlop et al. 2006, Brown et al. 2011b) or months (Csányi et al. 1989, 

Triki and Bshary 2020), whereas in most of the mentioned studies the pronounced effect 

weakened over time probably due to memory loss. Moreover, experiments on rainbow trout 

revealed that the temporal interval between repeated hooking experiences influenced the 

likelihood of being recaptured or not, as bigger intervals (i.e., fishing closures) fostered more 

recaptures (Koeck et al. 2020). Accordingly, it may be assumed that memory loss over time 

can decrease hook avoidance in fish and render fish more vulnerable to angling again. 

In addition to the temporal distance to an experience, the number of learning 

repetitions can also influence and determine the success of how well a behavior has been 

learned. In behavioral experiments with fish, it is a common practice to train fish for several 

days until the individuals achieve satisfactory success rates of the learned tasks (e.g., Piront 

and Schmidt 1988, Williams et al. 2002, Yue et al. 2004, Vilhunen 2006, Cofiel and Mattioli 

2011, Aoki et al. 2015, McAroe et al. 2017, Kareklas et al. 2018, Roy et al. 2019). For instance, 

Yue et al. (2004) reported for rainbow trout that with an increasing number of training 

sessions, the fish showed higher success rates in avoiding a dip net on the fifth day (65%) 

compared to the first day (25%) of the experiment. Williams et al. (2002) repeated their 

learning tasks on zebrafish (Danio rerio) until the fish achieved a learning criterion of 75% 

correct responses. Piront and Schmidt (1988) used an even higher learning criterion of 80%, 

which means that learning was only achieved when goldfish managed to avoid eight out of 

ten electric shocks. Similar to this, within recreational fishing and under the practice of C&R, 

fish are often exposed to fishing gear multiple times and repeatedly captured (e.g., Beukema 

1970b, Beukema and de Vos 1974, Linfield 1980, Raat 1985, Tsuboi and Morita 2004, Klefoth 

et al. 2013, Lennox et al. 2015, 2016b, Monk and Arlinghaus 2017, Koeck et al. 2020). Beukema 

(1970b) caught 29 carp twice and six carp threefold. Raat (1985) captured in total 87 carp 

twice, 34 threefold, eight fourfold and four fivefold. Klefoth et al. (2013) reported that eight 

carp were caught twice and one individual was recaptured three times. Consistent with 

Beukema's (1970b) statement that the first hooking experience decreases the likelihood of a 

subsequent recapture, this became evident in all of the mentioned studies as the number of 

captures decreased with increasing number of hooking experiences. Considering, that many 

behavioral studies on fish showed that with repeated learning better results can be achieved 

(e.g., avoidance of predators or areas) (e.g., Piron and Schmidt 1988, Yue et al. 2004, Vilhunen 
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2006), perhaps being captured and released two or more times has stronger learning effects 

than just being captured once, particularly in light of fading memory. 

Similarities are also known in social learning, as the observation of behaviors from 

more experienced or better trained demonstrators can provoke stronger social learning 

effects. For instance, observing naïve zebrafish were better able to escape from an 

approaching trawl net apparatus in the presence of better trained demonstrators in 

comparison to less trained demonstrators (Lindeyer and Reader 2010). Pike et al. (2010) 

reported that nine-spined sticklebacks (Pungitius pungitius) were more likely to copy the 

behavior of demonstrators, which found the rich feeding sites more frequently compared to 

less successful demonstrators. Using a classical conditioning approach, Zion et al. (2007) 

showed that naïve common carp approached feeding trays faster when being trained with 

more experienced conspecifics. Kelley et al. (2003) revealed that juvenile guppies showed 

better antipredator behaviors when trained together with demonstrators, which were 

subjected to a higher predation risk in advance. An additional study on guppies proved that at 

least the initial performance (shoaling, foraging) of observers was better in the presence of 

well-trained demonstrators compared to situations being together with less trained 

demonstrators (Swaney et al. 2001). Klefoth et al. (2013) reported that carp in groups were 

more suspicious and were able to spit out baited hooks without being recaptured when the 

group of fish approached a site where a recent hooking experience took place. Thus, it seems 

possible that carp developed hook avoidance when paired with more experienced 

conspecifics by observing the behavior demonstrated. Therefore, an increasing number of 

experiences might not only influence the behavior of the demonstrator, but may also provoke 

stronger social learning behaviors of the observing individuals.  

Common carp have been the focus of a number of studies in hook avoidance (Beukema 

1970b, Raat 1985, Lovén Wallerius et al. 2020, Czapla 2021) most likely due to the high 

resilience to handling (Rapp et al. 2012, 2014), popularity to anglers (Arlinghaus and Mehner 

2003, Arlinghaus 2007), perceived intelligence (Coble et al. 1985), and known social behavior 

(Bajer et al. 2010, Huntingford et al. 2010). The importance of common carp (Cyprinus carpio) 

and its introduction in European waterbodies goes back to the middle of the 13th century 

where carp were primarily used as an animal protein supply and were often cultivated in 

ponds close to monasteries (Cole 1905, Balon 1995). Presently, carp developed into a very 

important trophy fish species, especially throughout Europe, and are targeted mostly by highly 
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specialized anglers under the practice of catch-and-release fishing (Linfield 1980, Wedekind 

2001, Arlinghaus and Mehner 2003, Arlinghaus 2007). The carp’s popularity among anglers is 

at least partially resulting from their potential to reach large sizes (World record over 50 kg; 

Machacek 2021) while demonstrating high pulling strengths during the fight on rod and line 

(Beukema 1969, Suzuki et al. 1978). Moreover, as studies revealed that carp could learn to 

avoid fishing hooks after a single capture (e.g., Beukema 1970b, Raat 1985, Klefoth et al. 2013, 

Lovén Wallerius et al. 2020, Czapla 2021) and were therefore more difficult to catch, there 

might be as well a special attraction for anglers to outsmart those fish.  

Although many of the former studies focusing on carp have already indicated that a 

single hooking experience resulted in a reduced vulnerability to angling (e.g., Beukema 1970b, 

Raat 1985, Lovén Wallerius et al. 2020, Czapla 2021), information is lacking how repeated 

hooking experiences have the potential to increase the hook avoidance in comparison to a 

single capture experience. Moreover, it is also unknown how repeated social learning through 

observation of a demonstrative conspecific influences the hook avoidance and which impact 

the experience level of a demonstrator has. As a highly social fish species (Bajer et al. 2010, 

Huntingford et al. 2010) coupled with high learning capabilities compared to other fish species 

(Coble et al. 1985), carp are well suited for studying the effects of repeated hooking 

experiences as well as how repeated observations of a hooking experience increases the hook 

avoidance of observing individuals. Investigating those relationships in more detail could help 

to understand how repeated hooking experiences influence the catchability of fish stocks, 

which is not only important for catch-based stock assessments (Alós et al. 2015, 2019) but also 

for sustaining high angler satisfaction (Arlinghaus et al. 2014, Beardmore et al. 2015, Birdsong 

et al. 2021).  

The aim of the present study was to improve the knowledge about the hook avoidance 

behavior of common carp due to repeated hooking experiences. In addition, it was examined 

to what extent the presence and the hooking experience of demonstrative conspecifics 

influenced the hook avoidance behavior of observing carp. To this end, 74 common carp were 

reused, which partly experienced a hooking event (privately or socially) once in the 

experiments by Lovén Wallerius et al. (2020) 17 months ago and showed a retention of 

privately and socially acquired hook avoidance in the short- (2 hours & 5-7 days; Lovén 

Wallerius et al. 2020) and long-term (7 & 14 months; Czapla 2021) when tested in solitary. In 

addition, by use of a fully controlled experimental design in a laboratory environment it was 
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possible to track all cues the fish received over the last months and enabled to ascribe the 

observed behavior to learned hook avoidance. To compare different levels of hooking 

experiences, some of the study fish were hooked once again and some of the initially angling 

naïve carp were hooked for the first time, while others could keep their single hooking 

experience from 17 months ago. The same levels of hooking experiences were mirrored as 

well for fish with a social hooking experience. It was hypothesized that (I) carp with a private 

or a social hooking experience show stronger hook avoidance behavior compared to angling 

naïve control fish, whereby the hook avoidance is stronger developed in privately hooked fish, 

(II) repeated private and social hooking experiences have a stronger effect on hook avoidance 

behavior than a single private or social hooking experience, whereby the hook avoidance 

behavior decreases with time of the last hooking experience, (III) the presence of a hooking-

experienced demonstrator increases the hook avoidance behavior of fish with a social hooking 

experience relative to situations where social fish lack a demonstrator. It is further assumed 

that demonstrators with a private hooking experience exert greater effects than social 

demonstrators.  
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Methods  
 

Previous experiments and treatment assignment of the study fish 

 

The present study aimed at investigating the hook avoidance behavior of common carp 

(Cyprinus carpio) with repeated hooking experiences. It focused on how both the private 

experience of a hooking event and the social hooking experience of observing a conspecific 

being hooked influenced the behavior in future angling events and how the impact of these 

experiences was modified by single vs. repeated hooking events. To this end, carp were used 

that already had experienced private or social angling exposures in former experiments and 

retained privately and socially acquired hook avoidance behavior in the short (2 hours), 

medium (5-7 days) (Lovén Wallerius et al. 2020) and long term (7 and 14 months) (Czapla 

2021). The present study reused the already existing study fish and treatments developed in 

the first angling experiments (17 months ago) conducted by Lovén Wallerius et al. (2020), and 

rehooked a selected number of individuals of each treatment to produce new treatments with 

different levels of hooking experiences. A detailed description of the new treatments used in 

the present study is given below and shown in Figure 1. 

 

P-double / S-double: In the former experiment of Lovén Wallerius et al. (2020), carp were 

allocated to their treatments, a single private or social hooking experience, using a hooking 

design that relied on one individual carp from a pair to voluntarily pick up a bait and become 

hooked. Two initially naïve carp were kept in one aquarium and were exposed to a corn-baited 

angling rig (Figure 2A). The fish, which was hooked first, was assigned to the “Direct Exposure” 

treatment (N = 20), as this fish experienced a direct (so-called private) hooking event. The fish 

that were not hooked, but observed the hooking experience of the “Direct Exposure” 

individual, thereby received an indirect social hooking experience and were placed in the 

“Social Exposure” treatment (N = 20). In the present study, 10 each of “Direct Exposure” or 

“Social Exposure” carp were randomly selected and placed in pairs in one aquarium so that 

each “Direct Exposure” fish was paired with a “Social Exposure” fish to get a second hooking 

experience, 17 months after the first experience. To that end, a transparent divider (detailed 

description below) separated each pair spatially in the aquarium to avoid the possibility of 

accidentally hooking the social individual. Fish from the “Direct Exposure” treatment were 
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then exposed to a corn-baited angling rig (Figure 2A) and received a second private hooking 

experience. Those carp were assigned to the treatment “P-double”. During this process, the 

observing individual on the other side of the divider was able to receive a repeated social 

hooking experience. Observing individuals were assigned to the treatment “S-double”.  

 

P-old / S-old: The remaining “Direct Exposure” (N = 10) and “Social Exposure” (N = 10) carp 

from the experiments conducted by Lovén Wallerius et al. (2020) were allocated to the 

treatments “P-old” and “S-old”. Carp from these treatments received no repeated hooking 

experience and had therefore just one single hooking experience either privately (“P-old”) or 

socially (“S-old”) 17 months ago (Lovén Wallerius et al. 2020). Fish from these treatments were 

also introduced into the aquaria in a way that each “P-old” was coupled with a fish from the 

treatment “S-old”, while the pairs were spatially separated in the aquaria using transparent 

dividers without further hooking attempts. 

 

P-new / S-new: To produce carp with new private or social hooking experiences, fish from the 

former treatment “Control Single” were used – a control group that had never experienced 

any direct or indirect hooking in their entire life. Carp in the treatment “Control Single” were 

kept by Lovén Wallerius et al. (2020) as single individuals in an aquarium and were just 

exposed to a corn-baited sham rig (i.e. hook without a sharp tip, Figure 2B) during the initial 

angling experiment 17 months ago. These individuals served as an angling naïve control group 

in the former experiments. The present study reused these non-hooked control fish (N = 16) 

and distributed these carp randomly in pairs in aquaria (one pair per aquarium), with the 

difference of lacking a transparent divider. This was done to ensure a self-chosen hooking 

design like the one used by Lovén Wallerius et al. (2020). The carp, which got hooked first by 

the use of a corn-baited angling rig (Figure 2A) received a private hooking experience for the 

first time and was allocated to the treatment “P-new”. The observing individual in the same 

aquarium, which received the social hooking experience for the first time, was assigned to the 

treatment “S-new”. 

 

Control: The present study used as “Control” fish (N = 18) carp from the former treatment 

“Control Paired”. The individuals of the treatment “Control Paired” were kept paired in an 

aquarium and were just exposed to a corn-baited sham rig (i.e. hook without a sharp tip, Figure 
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2B) during the initial angling experiments (Lovén Wallerius et al. 2020). This treatment acted 

as an additional control group to rule out possible effects in later individual retests. In the 

present study, these fish remained angling naïve, kept paired and were separated in the 

aquarium with a transparent divider.  

 

 

Figure 1 Overview of the assignment to the new treatments based on the original treatments 
developed by Lovén Wallerius et al. (2020). The hook and eye symbol indicates either the 
private (hook) or the social (eye) hooking experiences of each treatment, while the sum of the 
eye or hook symbols corresponds to the total number of private or social hooking experiences. 
The hook without a tip indicates the initial use of a non-threatening sham rig (= no hooking 
experience). 

  

 

Figure 2 A) Conventional angling rig used for hooking B) Comparison of a conventional hair rig 
and the used sham rig (removed hook tip to avoid further hooking experiences). The feature 
of the conventional hair rig is the ability to present the bait underneath the hook. This allows 
the hook to find hold in the front part of the fish mouth, which causes negligible injuries (Rapp 
et al. 2008). Furthermore, this type of rig allowed presenting the bait without a hook tip in 
further retests. The two split shots were used as weights and corn as bait. 
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Over the course of this study, the above mentioned new treatments (Figure 1) were exposed 

to different experiments (Figure 3) to evaluate the effect, relative to controls, of a repeated 

hooking experience in relation to a single and new as well as a single and old private or social 

hooking experience. Subsequently all treatments were pooled according to the private or 

social hooking experiences and exposed to a demonstrator test (Figure 3). The aim of this 

further experiment was to reveal to what extent the presence and hooking experience of a 

demonstrative conspecific changed the hook avoidance behavior specifically in social fish.  

 

Study fish and holding conditions 

 

After the first hooking experiments conducted by Lovén Wallerius et al. (2020) the study fish 

(common carp) were kept for 6 months in an earthen pond (13 m × 6 m × 1 m; L × W × D) 

where the carp were raised for the first months. After 6 months the carp were gently netted 

out of the pond and equally distributed into three out of four, oxygen aerated, recirculation 

holding tanks (1 m × 1 m × 0.7 m; L × W × D), which were located in a climate-controlled room 

to guarantee a near constant water temperature of 17 ± 0.5 °C. While keeping the fish in the 

holdings tanks, the carp were fed every second day with conventional fish pellets (diameter: 

2 mm × 2 mm, Aller Aqua, Golßen, Germany), except the day before the actual experiment to 

keep the fish fasting and to increase the likelihood to ingest the offered items in the following 

experiments. Since all tested fish were in good condition and food was offered within the 

experiments, a regular food supply was ensured during the experiments. Over the next 8 

months, the fish were used for individual retests regarding hook avoidance behavior 

conducted by Czapla (2021) until the fish were exposed to new hooking experiences, 

examined for hook avoidance and tested with demonstrators within this study. 

Due to natural mortality and to ensure similar group sizes in the later experiments 74 

from originally 120 common carp were used in this study (Private: N = 20; Social: N = 20; 

Control S: N = 16; Control P: N = 18; Figure 1). After completing all experiments on the fifth 

day of this study, the total length (TL to 0.1 cm) as well as the weight (Sartorius, Sartorius AG, 

Göttingen, Germany; accuracy ± 0.1 g) of each fish was measured (TL, mean ± SD = 22.5 ± 2.6; 

Weight, mean ± SD = 184.4 ± 66.2). Fish were identified by individual passive integrated 

transponders (11 mm PIT-tag; Oregon RFID, Portland OR, USA), implanted before the first 

hooking experiments into the body cavity of each carp by Lovén Wallerius et al. (2020). A 
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detailed description of the implantation of the PIT-tags can be found in Lovén Wallerius et al. 

(2020). 

 

Experimental setup 

 

The behavioral experiments were carried out in three recirculating systems, while each system 

had an own filter system and consisted out of eight aquaria (45 liters; 50 cm × 30 cm × 30 cm, 

L × W × H). The recirculating systems were located in the same climate-controlled room as the 

holding tanks. By using this setup, it was possible to observe a maximum of 24 carp 

simultaneously. Every aquarium was equipped with two large stones, two plastic plants and 

an air stone to provide cover and oxygen for the fish, even when being paired in an aquarium. 

During the experiments, all side panels of the aquarium were covered with a styrofoam panel 

to avoid visual contact between fish in the neighboring aquaria. Between two experiments, 

every second styrofoam panel was removed to allow visual contact between two neighboring 

aquaria to calm down the fishes. In addition, a black tarp was hung to cover the front of all 

aquaria to minimize disturbance. 

Due to the limitation of just having 24 aquaria four experiment rounds, lasting five days 

each, were needed to observe the behavior of all 74 fish. To ensure a sufficient number of 

study animals in each experimental round as well as a correct pairing of the treatments, 20 

fish were used in the first two rounds, 22 in the third and 12 in the last round. Before the 

actual experiment started, the fish were randomly netted out of the holding tanks and 

distributed into the available aquaria. During the netting, the PIT-tag (ID number) was read 

using a PIT-tag reader (AEG, ARE H5) to identify the treatment group of each fish. In the case 

a fish with a false treatment was netted, the randomized netting was repeated until a fish was 

captured with the correct treatment. In addition, the ID number of each fish was noted on a 

white tape attached at the front of each aquarium to allocate the recordings to the respective 

fish.  

Ten minutes before each experiment started, the tap for freshwater inflow of each 

aquarium was closed to avoid chemical communication between the aquaria and the covering 

black tarp was removed. After a brief acclimatization, the fish behavior was recorded with 

webcams (Logitech C920), while the recording time depended on the respective experiment 

(Figure 3). Always four fish were recorded simultaneously in each experiment. After each 

experiment, the freshwater taps were reopened for recirculation, the fronts were covered 
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again with the black tarp and the styrofoam dividers were set back in place. After finishing all 

experiments on the fifth day, the used study animals were gently netted out of the aquaria 

and transferred into an empty holding tank within the climate-controlled room to avoid 

further netting events.  

 

Experiments 

 

The experiments were carried out on five consecutive days. The chronological order and 

schematic of the experiments are given in Figure 3. 

 

Day 1 

Introduction into the aquaria 

 

Before the study fish were introduced to the aquaria on the first day, the aquaria were divided 

vertically into two compartments, equally in size, using a transparent and permeable divider. 

The dividers were made out of acrylic glass (49 cm × 25 cm × 0.4 cm, L × W × H) and had a 

sufficient number of holes (60 holes, diameter 1 cm) for water exchange between both 

compartments of the aquarium. Besides the spatial separation of two fish, this allowed visual 

and olfactory contact (social stimuli) between two fish during rehooking. 

Before the rehooking and the establishment of the new treatments was done, 20 fish 

were introduced on the first day into 10 already divided aquaria and were allowed to 

acclimatize for 24 hours (Figure 3). During the introduction, it was ensured that fish from the 

same control group were paired with each other (Control Single with Control Single; Control 

Paired with Control Paired) and that fish from the treatment “Direct Exposure” were coupled 

with fish from the treatment “Social Exposure”. The transparent divider guaranteed that just 

fish from the “Direct Exposure” treatment were exposed to the angling rig (Figure 2A). The 

pairs from the treatment “Control Single” were paired without a divider, as the new hooking 

experience of those carp followed a self-chosen design on the next day, which created carp 

with a new private and social hooking experience. This design followed a similar approach as 

Lovén Wallerius et al. (2020) and required the absence of a divider. 
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Figure 3 Schematic overview of the experiments. 
 

Day 2 

Rehooking 

 

For the rehooking and assignment to the new treatments of the study fish an angling rig was 
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*

Morning

D
ay

 5

24h acclimatization 2h

Randomized

First hooking
experience Lovén 

Wallerius et al. (2020)

7 Months 14 MonthsStart

Retention of hook
avoidance

Czapla (2021)

Repeated hooking
experiences

D
ay

 1

D
ay

 2

D
ay

 4

Introduction Feeding

Freebait

Feeding

Freebait

+

Randomized

600 sec

17 Months

D
ay

 3

Rehooking

Short-term 
vulnerability
assessment

2h Morning Afternoon

Medium-term 
vulnerability
assessment

Demonstrator
test

No
demonstrator

With
demonstrator

Rehooking
600 sec

Short-term 
vulnerability
assessment 600 sec

Medium-term 
vulnerability
assessment 600 sec

Demonstrator 
test

300 sec 300 sec 300 sec 300 sec

300 sec 300 sec 300 sec 300 sec
Afternoon

No demonstrator

With demonstrator

Paired

Paired

Single

Single

Single

Legend

Angling rig with sharp hook

Sham rig without hook tip

Corn kernel

Fish pellet

Use of a permeable divider
*(except treatment Control S)

Randomization of the
exposed items

Rehooking
P-old/S-old 600 sec

Paired

2h

Rehooking P-old/S-old

Carp from Control, Private 
pooled or Social pooled

Demonstrator from Control, 
Private pooled or
Social pooled

450 sec450 sec



Methods 

 

18 

14). The braided section was tied to a 1.5 m monofilament nylon line (diameter: 0.25mm; 3.85 

kg breaking strength) to ease setting the hook, while being in an appropriate distance to the 

aquarium without disturbing the fish. As bait a conventional sweet corn kernel (Bonduelle, 

Reutlingen, Germany) was used, which was attached to the hook (Figure 2A). When a fish was 

hooked, the individual was kept on the line for 30 seconds, to allow the observing carp to 

receive social stimuli caused by the hooking event. After 30 seconds, the hooked fish was 

gently netted out of the aquaria and air exposed for another 30 seconds. During the air 

exposure, the fish was unhooked, identified and afterwards released back to the same 

aquarium.  

The rehooking procedure was based on an adapted protocol from Lovén Wallerius et 

al. (2020) and was therefore similar to the first hooking experience of the study fish 17 months 

before. In the case a carp did not ingest the baited hook within the given time period of 600 

seconds, the fish, which was selected for being hooked, was gently netted out of the aquarium 

and the hook was manually placed into the bottom part of the fish mouth. After this, the fish 

was set back again into the aquarium and kept for 30 seconds on the line, which allowed the 

observing individual to receive social stimuli caused by the hook. After 30 seconds, the hooked 

fish was gently netted out of the aquarium again and handled the same way as mentioned 

above. The method of manually hooking was used in the present study as it was not possible 

to exclude fish that did not ingest the bait due to the low sample size in each treatment.  

 

Short-term vulnerability assessment 

 

After the process of rehooking and producing seven new treatments, two hours later a 

vulnerability assessment was conducted (Figure 3) to evaluate the hook avoidance behavior 

shortly after a hooking experience. During the short-term vulnerability assessment, all fish 

were observed in their respective pairs, in which they had also been previously hooked, and 

by the use of a transparent divider. The observation in pairs was done to minimize additional 

stress from handling (i.e., netting) or the acclimation to a new aquarium as much as possible 

(Davis and Schreck 1997, Baker et al. 2013), and reduced the likelihood that other or additional 

stressors caused the hook avoidance two hours after rehooking. To examine hook avoidance, 

each fish in each compartment of the aquarium was exposed to a sham rig (Figure 2B) and the 

latency to ingest the sham rig completely was recorded for 600 seconds. Moreover, also the 
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number of sham rig approaches (being in close proximity to the sham rig without taking it up) 

and uptakes of the sham rig was measured for each individual. 

The used sham rig was a modern carp fishing rig (also called hair rig; Rapp et al. 2008) 

which allowed to present the bait on a “hair” (a small piece of line) underneath the hook with 

the difference that the hook tip was removed to avoid further hooking experiences (Figure 

2B). The sham rig was built out of a 15 cm braided line (10 kg breaking strength) and two split 

shots (1 g & 1.8 g) as weights, which were attached 5 cm behind the hook (Gamakatsu, 

microbarbed, size 14) (Figure 2B). The braided section was tied to a 1.5 m monofilament nylon 

line (diameter: 0,25mm; 3.85 kg breaking strength) to ease removing the sham rig out of the 

tank after each experiment.  

After the short-term vulnerability assessment, one fish from each pair was randomly 

selected and placed in a free aquarium without a divider. Moreover, also the divider from the 

fish that remained in the former aquarium was removed. After this redistribution at the end 

of day two, the 20 fish that had previously been observed paired in 10 aquaria were spread 

into 20 aquaria so that individual tests in isolation and without a divider could be carried out 

on the following days. 

 

Day 3 

Feeding 

 

On day three, a feeding experiment (Figure 3) was carried out to examine if an aversion of the 

corn kernel took place due to the usage as bait for rehooking the day before or if non-

threatening fish pellets were preferred. Each carp was tested individually and exposed to 

three corn kernels and three fish pellets, which were randomly dropped either left or right 

into the aquarium. The behavior was recorded for 600 seconds. During the observation the 

time to pick up the first corn, time to pick up first pellet, the food preference (corn vs. pellet) 

as well as the number of ingested corn kernels and fish pellets was measured. In case no food 

item was ingested, the food preference was assigned with “no food”. This experiment was 

based on a related method to predict food preferences in carp developed by Klefoth et al. 

(2013). 
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Day 4 

Medium-term vulnerability assessment 

 

On day four, a medium-term vulnerability assessment (Figure 3) was conducted to observe 

the hook avoidance behavior towards a sham rig two days after rehooking. This assessment 

followed the same design as the short-term vulnerability assessment on day two with the only 

difference that each carp was observed for 600 seconds individually in an aquarium without 

using a divider. During the observation, the time to pick up the sham rig for the first time was 

measured. Additionally, also the number of approaches and uptakes of the sham rig were 

recorded for each individual.  

 

Freebait with and without a sham rig 

 

Two hours after the medium-term vulnerability assessment on day four, a freebait experiment 

was conducted (Figure 3). In individual tests, the latency to pick up a corn kernel in the 

presence or absence of a sham rig (Figure 2B) was measured. This experiment aimed to 

evaluate if hooking experienced fish associated the presence of a sham rig as a threat and 

were therefore more cautious to pick up available non-threatening freebait (1 corn vs 1 pellet) 

compared to angling naïve control fish. For this purpose, the behavior of each carp was 

observed for 450 seconds with and 450 seconds without the presence of a sham rig together 

with freebait (Figure 3). The order, if a fish was exposed to the sham rig in the first or second 

observation period (450 seconds each) was randomized. In each period, the time to pick up 

the corn kernel for the first time was measured.  

 

Rehooking P-old/S-old 

 

Two hours after the freebait experiment, fish from the treatment “P-old” and “S-old” received 

an additional hooking experience to increase the sample size of individuals with a repeated 

hooking experience for the demonstrator test on the last day (Figure 3). One fish each from 

“P-old” and “S-old” were paired in an aquarium and separated by a clear divider. After this, 

each pair could rest for another two hours before the rehooking started. Similar to the 

rehooking procedure on day two, fish from the treatment “P-old” were exposed to a corn 

baited angling rig (Figure 2A) and received a repeated private hooking experience. At the same 
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time, individuals from “S-old” were able to observe the hooking experience of a conspecific 

through the transparent divider and gathered a repeated social hooking experience. 

After all private and social carp had either a repeated or a new hooking experience, all 

individuals were pooled together in terms of received hooking experience to get examined in 

the demonstrator test on the next day. All treatments that received a private hooking 

experience were allocated to the treatment “Private pooled” and vice versa all carp that 

received a social hooking experience were assigned to the treatment “Social pooled”. Angling 

naïve carp from the control group remained in the same treatment “Control”. 

 

Day 5 

Demonstrator test 

 

On the last and fifth day, a demonstrator test was carried out to examine whether the 

attendance of a hooking-experienced demonstrator increased the hook avoidance behavior 

of social fish relative to situations lacking a demonstrator. It was also tested whether a 

demonstrator with a private or social previous experience had differential effects. To that end, 

each carp was observed once in the morning and once in the afternoon with the difference 

that each fish was tested in one of the two observations with a demonstrator (Figure 3). The 

order when the demonstrator was present (morning or afternoon) was randomized. As 

demonstrative conspecifics fish from the treatments “Control”, “Private pooled” and “Social 

pooled” were used. The pairing with the demonstrators was carried out in a way that each 

combination occurred a similar number of times to ensure comparable sample sizes. This pair 

selection ended up in six different treatment combinations (Control – Control; Private pooled 

- Control; Social pooled – Control; Private pooled – Social pooled; Private pooled – Private 

pooled; Social pooled – Social pooled). Independent of being together with a demonstrator or 

single in the aquarium, a transparent divider was used to divide the aquarium in two 

compartments and to separate the fish spatially from each other (Figure 3).   

As a measure of angling vulnerability, the latency to ingest either a corn kernel or a 

sham rig was used. To achieve a full-factorial study design, the order of when and which item 

was placed on the respective compartment of the aquarium was randomized. In addition, the 

distribution of the carp to the respective compartment of the aquarium was randomized. This 

resulted in four different item exposures as followed: both sides one corn kernel, both sides 

sham rig, left side corn kernel – right side sham rig, left side sham rig – right side corn kernel 
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(Figure 3). This made it possible to exclude possible side effects based on the displayed item 

on the other side of the aquarium when being paired with a demonstrator. Moreover, the 

design enabled the investigation to what extent the uptake latency of the corn kernel was 

influenced with the attendance of the sham rig when being present on the other side of the 

aquarium. 

Each carp was exposed to all four different item exposures and the behavior was 

recorded consecutively for 300 seconds once in the morning and once in the afternoon, while 

being either alone or paired with a demonstrator. In sum, it was possible to observe each carp 

in every possible combination of exposed items and being paired or not, which resulted in 

eight observations per individual at the end of day five (Figure 3). 

 

Behavioral status 

 

For each fish, a behavioral status depending on the individual’s behavior during the 

observation in each experiment was assessed. This allowed accounting for different stress 

responsiveness of the fish (Vindas et al. 2017), as the fish might react differently to the holding 

conditions within the aquarium, and this vice versa might influence the vulnerability to angling 

or the readiness to eat (Koeck et al. 2019). Moreover, it is known that individuals can differ in 

their phenotypes, as they can be either reactive (i.e. higher stress responsiveness, less active) 

or proactive (i.e. more stress resistant, more active) (Vindas et al. 2017; Geffroy et al. 2020), 

which also has influence on the angling vulnerability (Koeck et al. 2019). Accordingly, the 

behavior of each carp was evaluated and scored into three different statuses as a result of the 

dominant behavior in each observation. A carp with little to no movement that stayed mainly 

in the same position was assigned to the behavioral status freezing. A carp that moved very 

fast and switched rapidly between the sides of the aquarium was called hyperactive. A carp 

with a moderate movement throughout the whole aquarium was assigned the behavioral 

status calm. 

 

Analysis 

 

At the beginning of the analysis, the seven treatments were tested for possible differences in 

the means of length and weight by using one-way ANOVAs. The random allocation to the 

treatments revealed a similar size and weight distribution among the seven treatments 
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(Weight: F (6, 67) = 1.086, p = 0.38; Length: F (6, 67) = 1.785, p = 0.116). Given the length 

difference between the experiments by Lovén Wallerius et al. (2020) and the present study, 

the growth rate was calculated for each fish over the last 17 months. A further one-way 

ANOVA revealed no differences of the growth rates across the treatments (F (6, 67) = 1.295, 

p = 0.272). In addition, each analyzed behavioral variable was examined for homogeneity of 

variances (p > 0.05) using Levene-tests. 

Using a Pearson’s chi-squared test, the aversion or the preference to a food item (first 

ingested item: corn vs. pellet vs. no food) within the feeding experiment was compared across 

the treatments. Differences in the number of corn kernels or fish pellets eaten between the 

treatments were examined by applying generalized linear models (GLM, Poisson distribution 

for count data; using the “glm” function in R). The number of eaten corn and the number of 

eaten pellets were used as response variables, while the treatment, growth rate and the 

behavioral status of each fish served as further explanatory factors. 

Cox proportional hazard regressions (“coxph” function of the survival package in R; 

Therneau et al. 2021) were applied to compare the time to event measurements such as time 

to pick up first corn or pellet in the feeding experiment or time to pick up sham rig in the short- 

and medium-term vulnerability assessments between the treatments. Additionally, growth 

rate and the behavioral status were included as time-independent covariates into the right-

censored Cox proportional hazard regressions. Each event (e.g., uptake of the sham rig or a 

food item) was scored as a binary variable (1 = event, 0 = no event) as the regression models 

always account for one event per individual. The number of approaches (being in close 

proximity to the sham rig without ingesting it) and uptakes of the sham rig were analyzed with 

generalized linear models, which were fit with a “quasi-Poisson” error distribution in 

combination with a log link function due to over-dispersion of the data.  

The measured latency, i.e. time to pick up corn, in the presence or absence of a sham 

rig observed in the freebait experiment on day four (Figure 3), was examined using the same 

Cox proportional hazard regression as mentioned above with the addition that the presence 

or absence of the sham rig was set into an interaction term together with the treatment. This 

allowed testing for whether the latency to pick up the corn kernel was correlated with the 

treatments and if those effects increased or decreased with the presence of the sham rig. 

As the original four treatments were used to create in total seven new treatments, the 

problem of small sample sizes across the newly established treatments arose. To increase 



Methods 

 

24 

sample size and statistical reliability, the treatments with the latest private or social hooking 

experience (P-double & P-new; S-double & S-new) were merged and examined in additional 

Cox proportional hazard regressions. This merging resulted in a total of five treatments (P-

double & P-new; S-double & S-new; P-old, S-old, Control). Although this did not explicitly test 

the extent to which a repeated hooking experience caused greater hook avoidance, this 

procedure allowed for examining how the recent private or social hooking experience affected 

the behavior of the carp. This approach was especially applied in the experiments where the 

fish were tested only once (i.e., short- and medium-term vulnerability assessment, freebait 

with and without a sham rig) and provided additional information to the other models. 

All statistical tests done with Cox proportional hazard regressions in each experiment 

were also performed using logistic regression models (binomial distribution “logit”) where 

only the ultimately outcome and not the time to the outcome was modelled. As the logistic 

regressions showed similar results as the Cox proportional hazard regressions, those results 

were not reported due to space restrictions. 

To examine possible demonstrator effects, when fish with a social hooking experience 

were paired with demonstrating conspecifics of different types of hooking experiences, Cox 

proportional hazard regressions were applied. To this end, two Cox proportional hazard 

regression models were built, which included either an interaction with the attendance of a 

demonstrator (no Demonstrator vs. with Demonstrator) or an interaction with the type of 

demonstrator and the treatments. The demonstrator variable included the type of 

demonstrating conspecific (i.e., Control, Private, Social) and in the case fish were lacking a 

demonstrator this was accounted with “No Demonstrator”. Including these interactions 

allowed to evaluate how the hook avoidance behavior of the treatments changed with the 

attendance of a demonstrator and to what extent the type of demonstrator was decisive. 

Furthermore, also the growth rate and the behavioral status were included into these models. 

Additionally a basic model without interactions including the variables treatment, growth rate 

and behavioral status was calculated and explanatory ability (ΔAIC ≤ 2) was compared to the 

interaction models using AIC values (Burnham and Anderson 1998, Burnham et al. 2011). This 

model provided information about the general hook avoidance of the treatments during the 

demonstrator test.  

As a further analysis step to evaluate possible demonstrator effects, the hook 

avoidance behavior of the single treatments was investigated separately. To this end, each 
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treatment (i.e., just Control, Private pooled or Social pooled) was tested as a subsample with 

Cox proportional hazard regressions to examine, if the hook avoidance was influenced by the 

presence of a demonstrator. In an additional regression model, the effect of different 

demonstrators on the hook avoidance behavior of the individual treatments was also 

examined. As additional factors in the regression models, the growth rate and behavioral 

status were included. This procedure made it not only possible to investigate whether 

demonstrator effects were visible within a treatment, but also if these effects were in- or 

decreasing by the type of the demonstrator. 

The latency to pick up a non-threatening corn kernel during the demonstrator test was 

analyzed using Cox proportional hazard regressions. The time to pick up the corn kernel was 

calculated as a function of the treatment and the presence or absence of the sham rig in the 

other compartment of the aquaria, while both variables were set into an interaction. This 

allowed investigating, if the probability to pick up a corn kernel was related to the availability 

of a sham rig and if an association to the sham rig as a threat took place depending on 

treatment. Additionally, a model without the interaction term was calculated to gather 

information about the general avoidance behavior towards the corn kernel of the fish. The 

growth rate and the behavioral status of the fish were as well included into the models.  

Given the low sample size across several experiments and Cox proportional hazard 

regressions, power analyses were performed to calculate the statistical power (assuming: α = 

0.05) of each model as well as the required sample size (assuming: α = 0.05, β = 0.8) to achieve 

significant difference of the calculated hazard ratios between two treatments. The power 

analysis was conducted using the package “powerSurvEpi” (Qiu et al. 2021) with the functions 

“powerCT.default” and “ssizeCT.default”. The results of the power analyses are given in the 

Appendix (Table A3, Table A5, Table A8, Table A10, Table A12). All statistical analyses were 

performed using the software R version 4.0.0 (R Core Team 2021). 
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Results 
 

Short-term vulnerability assessment 

 

In the short-term vulnerability assessment two hours after the rehooking event, carp with a 

repeated private hooking experience (P-double) showed a by 91% reduced vulnerability to 

angling, which means that carp from P-double ingested the sham rig less likely compared to 

non-hooked control fish (Figure 4, Figure 5, Table 1). In addition, fish with a new private 

hooking experience (P-new) showed a reduced likelihood in picking up the sham rig by 88% in 

comparison to controls (Figure 4, Figure 5, Table 1). The single and 17 months old private 

hooking experience (P-old) decreased the vulnerability to angling compared to controls as 

well, but without statistical significance (Table 1). Comparing the private treatments revealed 

that the reduced vulnerability to angling of the repeated (P-double) and new (P-new) 

experience was of similar magnitude (Table A1), whereas both treatments (P-double; P-new) 

showed a tendency towards being less vulnerable to the sham rig than fish from the treatment 

P-old (Table A2).   

Although all fish of the social treatments were in general less vulnerable to angling in 

comparison to controls, no statistical support for this relationship was found between a 

repeated (S-double), a new (S-new) or an old (S-old) social hooking experience when 

compared to angling naïve fish (Figure 4, Figure 5, Table 1).  

Increasing the sample size by merging the treatments with the recent private or social 

hooking experience (P-double & P-new; S-double & S-new) showed that the combined 

recently hooked private treatments (P-double & P-new) were significantly less vulnerable (by 

90%) to angling (Figure A1, Figure A2, Table A4). The latest social hooking experience (S-double 

& S-new) made the fish less vulnerable to angling, but this remained without statistical 

significance (Figure A1, Figure A2, Table A4). 

The carp with a faster growth rate showed a tendency to be more likely to ingest the 

sham rig (Table 1). Hyperactive as well as freezing fish were significantly less vulnerable to the 

sham rig compared to calm fish (Table 1).  

Carp with a repeated (P-double) and a new (P-new) hooking experience showed a 

significantly higher number of sham rig approaches compared to the control fish, while all 

other treatments remained unaffected (Figure 6, Table 2). By contrast, the number of sham 

rig uptakes was independent of the hooking experiences, no matter whether private or social 
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(Figure 7, Table 2). The growth rate of the fish had no influence on the number of uptakes or 

approaches of the sham rig, while freezing fish revealed a reduced number of approaches 

(Table 2).  

 

Table 1 Cox proportional hazard regression model comparing the time to pick up the sham rig 

two hours after rehooking among treatments. The “Control” treatment and the behavioral 

status “calm” were used as reference levels. Asterisks indicate significant differences (p < 

0.05*; p < 0.01**; p < 0.001***). 

Factor Estimate Exp (coef) SE (coef) p-value 

P-double -2.43 0.09 1.04 0.02* 
S-double -0.66 0.52 0.54 0.22 
P-new -2.13 0.12 1.05 0.04* 
S-new -0.74 0.48 0.82 0.37 
P-old -0.77 0.46 0.54 0.16 
S-old -0.29 0.75 0.65 0.65 
Growth rate 4.34 77.03 2.40 0.07 
Hyperactive -2.82 0.06 1.05 <0.01** 
Freezing -1.69 0.18 0.83 0.04* 
N = 74; likelihood ratio test: 35.88, df = 9, p < 0.001; number of events = 30 
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Figure 4 Boxplots showing the time to pick up the sham rig two hours after rehooking among 
treatments. The horizontal line indicates the median, the box dimensions represent the 50% 
interquartile range and the whiskers are 1.5 times the interquartile range. Asterisks indicate 
significant differences between two treatments. Sample size shown in brackets. 
 
 

 

Figure 5 Survival curves showing the probability for each treatment to pick up the sham rig 
two hours after rehooking. Observation time was 600 seconds. 

* * 
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Table 2 Generalized linear model (GLM, using a “quasi-Poisson” distribution) results showing 
the number of the sham rig approaches and uptakes two hours after rehooking among 
treatments. The “Control” treatment and the behavioral status “calm” were used as 
reference. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Coefficients 
Approaches  Uptakes 

Estimate SE T-value p-value  Estimate SE T-value p-value 

Intercept 0.35 0.92 0.38 0.71  0.92 1.03 0.89 0.38 

P-double 1.12 0.48 2.35 0.02*  -0.65 0.69 -0.93 0.36 

S-double 0.26 0.57 0.47 0.64  -0.48 0.60 -0.79 0.43 

P-new 1.15 0.51 2.23 0.03*  -2.84 2.09 -1.36 0.18 

S-new 0.81 0.60 1.34 0.18  -0.33 0.77 -0.43 0.67 

P-old 0.74 0.51 1.47 0.15  -0.52 0.63 -0.82 0.42 

S-old -0.84 0.96 -0.87 0.39  -0.23 0.73 -0.31 0.76 

Growth rate -0.72 1.96 -0.37 0.71  0.51 2.28 0.23 0.82 

Hyperactive -0.68 0.52 -1.31 0.19  -1.87 0.98 -1.91 0.06 

Freezing -1.66 0.63 -2.61 0.01*  -1.52 0.98 -1.55 0.13 
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Figure 6 Boxplots showing the number of sham rig approaches two hours after rehooking 
among treatments. The horizontal line indicates the median, the box dimensions represent 
the 50% interquartile range and the whiskers are 1.5 times the interquartile range. Asterisks 
indicate significant differences between two treatments. Sample size shown in brackets. 
 

 

Figure 7 Boxplots showing the number of sham rig uptakes two hours after rehooking among 
treatments. The horizontal line indicates the median, the box dimensions represent the 50% 
interquartile range and the whiskers are 1.5 times the interquartile range. Asterisks indicate 
significant differences between two treatments. Sample size shown in brackets. 

* 
* 



Results 

 

31 

Feeding 

 

One day after the rehooking, no aversion of the corn kernels was found among the treatments 

when they were offered without any sham rig. All ingestion outcomes (corn, pellet or no food) 

were preferred to the same extent (chi-square test: X² = 12.8, df = 12, p-value = 0.38). 

Moreover, neither the private nor the social experience of a hooking event, independent of 

the amount of hooking experiences or the time when the hooking experiences occurred, had 

a significant effect on the time to ingest the first corn kernel or the first pellet (Figure 8, Figure 

9, Figure 10, Figure 11, Table 3).  

Further, no differences in the number of ingested food items (corn and pellet) were 

found between the angling exposed treatments and the control fish (Figure 12, Figure 13, 

Table 4). Fish with a hyperactive or freezing behavioral status showed a reduced latency to 

ingest the available food items (Table 3) and ingested in total less food (Table 4) compared to 

calm carp. In addition, the growth rate had neither an influence on the time to ingest the first 

corn kernel or the first pellet (Table 3) nor on the amount of eaten food items (corn or pellet) 

(Table 4).   

 

Table 3 Cox proportional hazard regression model comparing the time to pick up first corn and 
pellet one day after rehooking among treatments. The “Control” treatment and the behavioral 
status “calm” were used as reference levels. Asterisks indicate significant differences (p < 
0.05*; p < 0.01**; p < 0.001***). 

Factor 
Time to pick up first corn  Time to pick up first pellet 

Estimate 
Exp 

(coef) 
SE  

(coef) 
p-value 

 
Estimate 

Exp 
(coef) 

SE  
(coef) 

p-value 

P-double -0.04 0.96 0.46 0.92  -0.38 0.69 0.46 0.42 

S-double 0.35 1.42 0.44 0.42  0.17 1.19 0.44 0.69 

P-new -0.18 0.83 0.59 0.76  -0.27 0.76 0.49 0.58 

S-new 0.26 1.29 0.47 0.58  0.26 1.30 0.48 0.58 

P-old 0.68 1.96 0.47 0.15  -0.10 0.91 0.49 0.84 

S-old -0.36 0.70 0.49 0.47  0.31 1.37 0.46 0.50 

Growth rate 1.92 6.82 1.83 0.29  -1.08 0.34 1.77 0.54 

Hyperactive -1.17 0.31 0.37 <0.01**  -1.15 0.32 0.38 <0.01** 

Freezing -19.08 <0.01 3830 0.99  -2.55 0.08 1.08 0.02* 

 
N = 74; likelihood ratio test: 34.03, df = 9,  

p < 0.001; number of events = 55 
 N = 74; likelihood ratio test: 21.63, df = 9,  

p = 0.01; number of events = 59 
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Figure 8 Boxplots showing the time to pick up the first corn one day after rehooking among 
treatments. The horizontal line indicates the median, the box dimensions represent the 50% 
interquartile range and the whiskers are 1.5 times the interquartile range. Asterisks indicate 
significant differences between two treatments. Sample size shown in brackets. 
 

 

Figure 9 Survival curves showing the probability for each treatment to pick up the first corn 
one day after rehooking. Observation time was 600 seconds. 
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Figure 10 Boxplots showing the time to pick up the first pellet one day after rehooking among 
treatments. The horizontal line indicates the median, the box dimensions represent the 50% 
interquartile range and the whiskers are 1.5 times the interquartile range. Asterisks indicate 
significant differences between two treatments. Sample size shown in brackets. 
 

 

Figure 11 Survival curves showing the probability for each treatment to pick up the first pellet 
one day after rehooking. Observation time was 600 seconds. 
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Table 4 Generalized linear model (GLM, using a “Poisson” distribution) comparing the number 
of eaten corn and pellet one day after rehooking among treatments. The “Control” treatment 
and the behavioral status “calm” were used as reference levels. Asterisks indicate significant 
differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Coefficients 
Corn  Pellet 

Estimate SE 
Z-

value 
p-value 

 
Estimate SE 

Z-
value 

p-value 

Intercept 0.56 0.50 1.14 0.25  0.95 0.46 2.05 0.04* 

P-double -0.19 0.32 -0.6 0.55  -0.36 0.28 -1.28 0.20 

S-double 0.16 0.30 0.53 0.60  -0.07 0.27 -0.27 0.79 

P-new -0.04 0.35 -0.11 0.91  -0.27 0.32 -0.84 0.40 

S-new 0.19 0.30 0.63 0.53  -0.06 0.27 -0.21 0.83 

P-old 0.25 0.29 0.86 0.39  -0.26 0.29 -0.88 0.38 

S-old <0.01 0.31 <0.01 0.99  -0.29 0.28 -1.03 0.30 

Growth rate 0.58 1.01 0.57 0.57  0.42 0.96 0.44 0.66 

Hyperactive -0.97 0.24 -4.02 <0.001***  -0.74 0.21 -3.51 <0.001*** 

Freezing -18.22 1730 -0.01 0.99  -2.27 1.02 -2.23 0.03* 
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Figure 12 Boxplots showing the number of eaten corn one day after rehooking among 
treatments. The horizontal line indicates the median, the box dimensions represent the 50% 
interquartile range and the whiskers are 1.5 times the interquartile range. Asterisks indicate 
significant differences between two treatments. Sample size shown in brackets. 
 

 

Figure 13 Boxplots showing the number of eaten pellet one day after rehooking among 
treatments. The horizontal line indicates the median, the box dimensions represent the 50% 
interquartile range and the whiskers are 1.5 times the interquartile range. Asterisks indicate 
significant differences between two treatments. Sample size shown in brackets. 
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Medium-term vulnerability assessment 

 

Two days after rehooking, carp with a repeated hooking experience (P-double) showed an 

88% reduced vulnerability to angling compared to never hooked control fish (Figure 14, Figure 

15, Table 5). Fish with a new or an old private hooking experience both ingested the sham rig 

less likely compared to controls, but without significance (Figure 14, Figure 15, Table 5), 

whereby the difference between the old and new private hooking experience was relatively 

small (Table A6). When comparing the repeated private angling experience (P-double) to all 

other treatments, P-double fish were found to be significantly less vulnerable to angling than 

all social treatments and tended to be less vulnerable than the new (P-new) or old (P-old) 

private angling experience (Figure 14, Figure 15, Table A7). In addition, no statistical evidence 

was found for the social hooking experience influencing the vulnerability to angling in any of 

the social treatments when compared to angling naïve fish (Table 5). 

When merging the repeated and new experience of private (P-double & P-new) and 

social (S-double & S-new) fish to consider the general impact of the recent hooking 

experience, it was revealed that the recent private (P-double & P-new) hooking experience 

tended to reduce the risk to pick up the sham rig compared to controls, which was close to 

significance (Figure A3, Figure A4, Table A9). The grouping of the social treatments (S-double 

& S-new) did not provide any further evidence for socially acquired hook avoidance (Table 

A9). 

Carp with a new (S-new) or an old social (S-old) hooking experience approached the 

sham rig more frequently in comparison to control fish (Figure 16, Table 6). Fish with an old, 

a new or a repeated private hooking experience as well as fish from the treatment S-double 

showed no such effects (Table 6). The number of uptakes of the sham rig was unaffected, as 

no treatment showed significant differences compared to angling naïve controls (Figure 17, 

Table 6).  

Hyperactive fish showed a reduced latency to pick up the sham as well as lower 

numbers of approaches and uptakes of the sham rig in contrast to calm carp (Table 5, Table 

6). The growth rate influenced only the number of approaches towards the sham rig, as fish 

with better growth showed less approaches towards the sham rig (Table 6). 
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Table 5 Cox proportional hazard regression model comparing the time to pick up the sham rig 
two days after rehooking among treatments. The “Control” treatment and the behavioral 
status “calm” were used as reference levels. Asterisks indicate significant differences (p < 
0.05*; p < 0.01**; p < 0.001***). 

Factor Estimate Exp (coef) SE (coef) p-value 

P-double -2.14 0.12 1.06 0.04* 

S-double 0.34 1.40 0.50 0.50 

P-new -0.22 0.80 0.68 0.74 

S-new 0.24 1.27 0.70 0.74 

P-old -0.73 0.48 0.62 0.23 

S-old 0.40 1.49 0.65 0.54 

Growth rate -1.41 0.25 2.26 0.53 

Hyperactive -1.83 0.16 0.50 <0.001*** 

Freezing -18.02 <0.01 4493 0.99 

N = 74; likelihood ratio test: 30.61, df = 9, p < 0.001; number of events = 32 
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Figure 14 Boxplots showing the time to pick up the sham rig two days after rehooking among 
treatments. The horizontal line indicates the median, the box dimensions represent the 50% 
interquartile range and the whiskers are 1.5 times the interquartile range. Asterisks indicate 
significant differences between two treatments. Sample size shown in brackets. 
 

 

Figure 15 Survival curves showing the probability for each treatment to pick up the sham rig 
two days after rehooking. Observation time was 600 seconds. 

* * 
* * 
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Table 6 Generalized linear model (GLM, using a “quasi-Poisson” distribution) results showing 
the number of sham rig approaches and uptakes two days after rehooking among treatments. 
The “Control” treatment and the behavioral status “calm” were used each as reference. 
Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Coefficients 
Approaches  Uptakes 

Estimate SE T-value p-value  Estimate SE T-value p-value 

Intercept 2.07 1.32 1.57 0.12  2.73 1.16 2.37 0.02* 

P-double 0.85 0.74 1.14 0.26  0.09 0.59 0.15 0.88 

S-double 0.36 0.77 0.47 0.64  0.31 0.53 0.58 0.57 

P-new 0.43 0.96 0.45 0.66  -0.84 1.00 -0.84 0.41 

S-new 1.58 0.74 2.14 0.04*  0.10 0.72 0.14 0.89 

P-old 0.05 0.90 0.06 0.95  -0.94 0.85 -1.11 0.27 

S-old 1.63 0.76 2.14 0.04*  0.25 0.71 0.35 0.73 

Growth rate -5.35 2.68 -2.00 <0.05*  -4.28 2.43 -1.76 0.08 

Hyperactive -2.65 0.70 -3.81 <0.001***  -1.81 0.54 -3.32 <0.01** 

Freezing -17.13 1719 -0.01 0.99  -17.66 2687 -0.01 0.99 
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Figure 16 Boxplots showing the number of sham rig approaches two days after rehooking 
among treatments. The horizontal line indicates the median, the box dimensions represent 
the 50% interquartile range and the whiskers are 1.5 times the interquartile range. Asterisks 
indicate significant differences between two treatments. Sample size shown in brackets. 
 

 

Figure 17 Boxplots showing the number of sham rig uptakes two days after the rehooking 
among treatments. The horizontal line indicates the median, the box dimensions represent 
the 50% interquartile range and the whiskers are 1.5 times the interquartile range. Asterisks 
indicate significant differences between two treatments. Sample size shown in brackets. 

* 

* 
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Freebait with and without a sham rig 

 

Neither the different stages (double, new or old) of previous private or social hooking 

experiences nor the attendance of a sham rig revealed differences in the latency to pick up a 

corn kernel when offered as a freebait two days after rehooking (Figure 18, Figure 19, Table 

7). Only fish from the treatment P-new tended to show a reduced likelihood ingesting the corn 

kernel compared to naïve control fish (Table 7). In addition, also the single treatments 

behaved similarly in relation to the presence of a sham rig, as no interaction was significant 

(Table 7). Carp with higher growth rates were more likely to ingest the available corn kernel 

(Table 7). Hyperactive as well as freezing individuals showed a significantly lower probability 

to ingest the corn kernel compared to calm fish (Table 7). 

Increasing sample size by merging the treatments with a repeated and new private (P-

double & P-new) or social (S-double & S-new) hooking experience revealed no further hook 

avoidance effects due to the latest hooking experience two days before (Figure A5, Figure A6, 

Table A11).  

 

Table 7 Cox proportional hazard regression model comparing the time to pick up a corn kernel 
in the presence and absence of a sham rig two days after rehooking among treatments. The 
“Control” treatment, the “Absence” of the sham rig and the behavioral status “calm” were 
used as reference levels. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 
0.001***). 

Factor Estimate Exp (coef) SE (coef) p-value 

P-double 0.18 1.20 0.51 0.72 
S-double 0.11 1.11 0.55 0.84 
P-new -1.52 0.22 1.05 0.15 
S-new 0.69 2.00 0.52 0.18 
P-old 0.23 1.26 0.55 0.67 
S-old -0.50 0.61 0.60 0.41 
Sham rig present 0.12 1.13 0.44 0.79 
Growth rate 3.17 23.76 1.38 0.02* 
Hyperactive -1.34 0.26 0.29 <0.001*** 
Freezing -2.57 0.08 1.01 0.01* 
P-double × Sham rig present -0.58 0.56 0.75 0.44 
S-double × Sham rig present -0.11 0.89 0.77 0.88 
P-new × Sham rig present 1.26 3.52 1.20 0.30 
S-new × Sham rig present -0.65 0.52 0.79 0.41 
P-old × Sham rig present 0.08 1.08 0.74 0.91 
S-old × Sham rig present 0.70 2.02 0.78 0.37 
N = 148; likelihood ratio test: 47.09, df = 16, p < 0.001; number of events = 79 
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Figure 18 Boxplots showing the time to pick up a corn kernel two days after rehooking among 
treatments. The horizontal line indicates the median, the box dimensions represent the 50% 
interquartile range and the whiskers are 1.5 times the interquartile range. Asterisks indicate 
significant differences between two treatments. Sample size shown in brackets. 
 

 

Figure 19 Survival curves showing the probability for each treatment to pick up a corn kernel 
in the presence and absence of a sham rig two days after rehooking. Observation time was 
450 seconds.  
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Demonstrator test 

 

After rehooking the fish from the treatments P-old and S-old at the end of day four, all fish 

received either a new or a repeated private or social hooking experience within the previous 

three days (Figure 3). Subsequently, all fish were pooled according to their private (Private 

pooled) or social (Social pooled) hooking experiences, while the angling naïve fish remained 

in the “Control” group.  

The combination of treatment, growth rate and behavioral status formed, based on 

the AIC values, the best-explaining model to predict the hook avoidance behavior (time to pick 

up sham rig) within the demonstrator test (Table 8). According to the best fitting model, carp 

from the treatment Private pooled showed a reduced vulnerability to ingest the offered sham 

rig by 58% in comparison to control fish (Figure 20, Figure 21, Table 8). By contrast, the pooled 

social hooking experience showed no statistical evidence for a reduced vulnerability to 

angling, as no significant difference was found compared to angling naïve control fish (Figure 

20, Figure 21, Table 8). In addition, a faster growth rate also increased the likelihood to ingest 

the sham rig, which was close to significance (Table 8). Carp with a hyperactive or freezing 

behavioral status were less likely to pick up the sham rig in comparison to calm conspecifics 

(Table 8). 

 

Table 8 Cox proportional hazard regression comparing the time to pick up the sham rig during 
the demonstrator test among the pooled treatments. The “Control” treatment and the 
behavioral status “calm” were used as reference levels. Asterisks indicate significant 
differences (p < 0.05*; p < 0.01**; p < 0.001***). AIC = 719.95. 

Factor Estimate Exp (coef) SE (coef) p-value 

Private pooled -0.86 0.42 0.34 0.01* 

Social pooled -0.20 0.82 0.28 0.49 

Growth rate 2.37 10.74 1.22 0.052 

Hyperactive -1.75 0.17 0.40 <0.001*** 

Freezing -2.37 0.09 0.72 <0.01** 

N = 296; likelihood ratio test: 58.08, df = 5, p < 0.001; number of events = 69 
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Figure 20 Boxplots showing the time to pick up the sham rig within the demonstrator test 
among the pooled treatments. The horizontal line indicates the median, the box dimensions 
represent the 50% interquartile range and the whiskers are 1.5 times the interquartile range. 
Asterisks indicate significant differences between two treatments. Sample size shown in 
brackets. 
 

 

Figure 21 Survival curves showing the probability for each pooled treatment to pick up the 
sham rig during the demonstrator test. Observation time was 300 seconds. 

* 

(n = 72) (n = 112) (n = 112) 
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Two additional models were included to the study results, as the best fitting model 

(according to the AIC value) (Table 8) covered neither the attendance nor the type of 

demonstrator, which was crucial for answering the study hypotheses. The inclusion of the 

[Pairing] variable (“No Demonstrator” vs. “With Demonstrator”) as an interaction term with 

the treatment in the first model showed no statistical support for hook avoidance between 

the treatments, whereas Private pooled tended to show a reduced likelihood to pick up the 

sham rig compared to control fish (Figure 22, Figure 23, Table 9). In addition, the attendance 

of a demonstrator had neither a significant effect on the time to ingest the sham rig in the 

main effects nor a significant effect in the interactions with the treatments (Table 9). 

Including the type of demonstrative conspecific (Private, Social or Control) as an 

interaction term with the treatment revealed similar results in the second model (Figure 24, 

Table 10). There was only a tendency for fish from the treatment Private pooled to have a 

reduced risk to pick up the sham rig compared to control fish in the main effects (Table 10). 

Moreover, neither the type of demonstrator in the main effects nor the interactions showed 

significant differences in the hook avoidance behavior of the treatments compared to control 

fish without a demonstrator (Figure 24, Table 10). Social hook avoidance did not occur in 

either of the two models that included the interactions (Table 9, Table 10). 

Both models indicated (Table 9, Table 10) that hyperactive and freezing fish were less 

likely to pick up the sham rig in comparison to calm fish. The vulnerability to angling tended 

to increase with increasing growth rate (Table 9, Table 10). 

 

Table 9 Cox proportional hazard regression comparing the time to pick up the sham rig 
dependent on the attendance of a demonstrator during the demonstrator test among the 
pooled treatments. The “Control” treatment, “No Demonstrator” and the behavioral status 
“calm” were used as reference levels. Asterisks indicate significant differences (p < 0.05*; p < 
0.01**; p < 0.001***). AIC = 722.37. 

Factor Estimate Exp (coef) SE (coef) p-value 

Private pooled -0.62 0.54 0.43 0.15 
Social pooled -0.35 0.70 0.40 0.37 
With Demonstrator -0.33 0.72 0.43 0.44 
Growth rate 2.27 9.72 1.23 0.06 
Hyperactive -1.76 0.17 0.40 <0.001*** 
Freezing -2.42 0.09 0.72 <0.001*** 
Private Pooled × with Demonstrator -0.59 0.56 0.70 0.40 
Social pooled × with Demonstrator 0.33 1.39 0.56 0.55 
N = 296; likelihood ratio test: 61.66, df = 8, p < 0.001; number of events = 69 
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Figure 22 Boxplots showing the time to pick up the sham rig dependent on the attendance of 
a demonstrator and among the pooled treatments. The horizontal line indicates the median, 
the box dimensions represent the 50% interquartile range and the whiskers are 1.5 times the 
interquartile range. Asterisks indicate significant differences between two treatments. Sample 
size shown above the bars. 

 

Figure 23 Survival curves of the pooled treatments showing the probability to pick up the sham 
rig when being alone (dashed line) or being together with a demonstrator (solid line) in the 
aquarium. Observation time was 300 seconds. 
  

n = 36 n = 36 n = 56 n = 56 n = 56 n = 56 
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Table 10 Cox proportional hazard regression comparing the time to pick up the sham rig 
dependent on the type of demonstrative conspecific during the demonstrator test among the 
pooled treatments. The “Control” treatment, “No Demonstrator” and the behavioral status 
“calm” were used as reference levels. Asterisks indicate significant differences (p < 0.05*; p < 
0.01**; p < 0.001***). AIC = 728.72. 

Factor Estimate 
Exp 

(coef) 
SE  

(coef) 
p-value 

Private pooled -0.62 0.54 0.43 0.15 
Social pooled -0.34 0.71 0.39 0.39 
Private as Demonstrator -0.54 0.58 0.58 0.36 
Social as Demonstrator -0.23 0.80 0.58 0.70 
Control as Demonstrator -0.01 0.99 0.81 0.99 
Growth rate 1.75 5.76 1.25 0.16 
Hyperactive -1.76 0.17 0.43 <0.001*** 
Freezing -2.44 0.09 0.72 <0.001*** 
Private pooled × Private as Demonstrator -1.13 0.32 1.20 0.35 
Social pooled × Private as Demonstrator 0.92 2.50 0.73 0.21 
Private pooled × Social as Demonstrator -0.86 0.42 1.21 0.48 
Social pooled × Social as Demonstrator -0.46 0.63 0.82 0.57 
Private pooled × Control as Demonstrator -0.37 0.69 1.06 0.72 
Social pooled × Control as Demonstrator 0.29 1.34 0.97 0.76 
N = 296; likelihood ratio test: 67.31, df = 14, p < 0.001; number of events = 69 

 

 

Figure 24 Boxplots showing the time to pick up the sham rig dependent on the type of 
demonstrator and among the pooled treatments. The horizontal line indicates the median, 
the box dimensions represent the 50% interquartile range and the whiskers are 1.5 times the 
interquartile range. Asterisks indicate significant differences between two treatments. Sample 
size shown above the bars. 

n = 36 n = 12 n = 20 n = 12 n = 12 n = 56 n = 12 n = 24 n = 20 n = 56 n = 12 n = 24 
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In a subsequent analysis step, the influence of the demonstrator's presence and 

experience on the hook avoidance within each treatment (Control, Private pooled, Social 

pooled) was examined. The results revealed that neither the attendance nor the type of the 

demonstrator had a significant influence on the hook avoidance within each treatment 

compared to situations lacking a demonstrator (Figure A7, Figure A8, Figure A9, Table A13 to 

Table A18). However, some tendencies suggested two potential exceptions. The vulnerability 

to angling decreased when fish from Private pooled were paired with any demonstrator (Table 

A15) or were together with a private demonstrator (Figure A8, Table A16) both when 

compared to situations without a demonstrator. In addition, the fish with a demonstrator of 

equal experience (e.g., Private pooled with private demonstrator, Social pooled with social 

demonstrator, Control with Control demonstrator) always exhibited the lowest vulnerability 

to angling, but this was without significance (Figure A7, Figure A8, Figure A9, Table A14, Table 

A16, Table A18). 

In addition, the latency to pick up a corn kernel during the demonstrator test was 

evaluated. Carp from Private pooled tended to show a reduced probability to pick up the corn 

kernel compared to controls (Figure 25, Figure 26, Table 11). Individuals from the treatment 

Social pooled were also less likely to ingest the corn kernel compared to control fish, but this 

was lacking of statistical support (Figure 25, Figure 26, Table 11). The inclusion of the presence 

or absence of the sham rig into the model showed no significant effects on the likelihood to 

ingest a corn kernel, either in the main effects or in the interactions with the treatments 

(Figure 27, Figure 28, Table 12). Fish with a higher growth rate tended to be more likely to 

ingest the corn kernel, and hyperactive and freezing fish showed a significantly reduced 

probability to pick up the corn kernel compared to calm conspecifics (Table 11, Table 12). 

 

Table 11 Cox proportional hazard regression comparing the time to pick up corn during the 
demonstrator test among the pooled treatments. The “Control” treatment and the behavioral 
status “calm” were used as reference levels. Asterisks indicate significant differences (p < 
0.05*; p < 0.01**; p < 0.001***). AIC = 853.83. 

Factor Estimate Exp (coef) SE (coef) p-value 

Private pooled -0.47 0.62 0.28 0.097 
Social pooled  -0.34 0.72 0.27 0.21 
Growth rate 1.97 7.17 1.14 0.08 
Hyperactive -2.10 0.12 0.43 <0.001*** 
Freezing -1.94 0.14 0.52 <0.001*** 
N = 296; likelihood ratio test: 64.55, df = 5, p < 0.001; number of events = 82 
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Figure 25 Boxplots showing the time to pick up corn within the demonstrator test among the 
pooled treatments. The horizontal line indicates the median, the box dimensions represent 
the 50% interquartile range and the whiskers are 1.5 times the interquartile range. Asterisks 
indicate significant differences between two treatments. Sample size shown in brackets. 

 

 

Figure 26 Survival curves showing the probability for each pooled treatment to pick up corn 
during the demonstrator test. Observation time was 300 seconds. 

(n = 72) (n = 112) (n = 112) 
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Table 12 Cox proportional hazard regression comparing the time to pick up the corn kernel 
dependent on the presence of a sham rig during the demonstrator test among the pooled 
treatments. The “Control” treatment, “Sham rig absent” and the behavioral status “calm” 
were used as reference levels. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; 
p < 0.001***). AIC = 858.11. 

Factor Estimate Exp (coef) SE (coef) p-value 

Private pooled -0.37 0.69 0.42 0.38 
Social pooled  -0.17 0.84 0.39 0.66 
Sham rig present 0.44 1.55 0.39 0.26 
Growth rate 2.01 7.43 1.14 0.08 
Hyperactive -2.12 0.12 0.43 <0.001*** 
Freezing -1.95 0.14 0.52 <0.001*** 
Private pooled × Sham rig present -0.20 0.82 0.56 0.72 
Social pooled × Sham rig present -0.33 0.72 0.53 0.53 
N = 296; likelihood ratio test: 66.27, df = 8, p < 0.001; number of events = 82 
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Figure 27 Boxplots showing the time to pick up corn kernel dependent on the presence of a 
sham rig among the pooled treatments. The horizontal line indicates the median, the box 
dimensions represent the 50% interquartile range and the whiskers are 1.5 times the 
interquartile range. Asterisks indicate significant differences between two treatments. Sample 
size shown above the bars. 
 

 

Figure 28 Survival curves of the pooled treatments showing the probability to pick up corn 
when a sham rig is absent (dashed line) or present (solid line) in the aquarium. Observation 
time was 300 seconds. 

n = 36 n = 36 n = 56 n = 56 n = 56 n = 56 
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Discussion 
 

The present study supports the prediction that after a private hooking experience fish are 

generally more difficult to catch in subsequent angling situations. Furthermore, present 

findings revealed that hook avoidance becomes strengthened after repeated private hooking 

experiences, which has not been yet described to this extent in common carp. No statistical 

support for socially learned hook avoidance behavior due to a repeated, a new or an old social 

hooking experience was found in any of the experiments. Further, the present findings did not 

show that the presence of a hooking-experienced demonstrator significantly altered the hook 

avoidance behavior of fish with a social hooking experience. In addition, it became not evident 

that demonstrators with a private hooking experience exert greater hook avoidance effects 

than social demonstrators. Considering the results presented, this study contributes to the 

already existing knowledge about learned hook avoidance behavior in carp with the novelty 

that repeated contacts with an angling hook have the potential to increase the hook avoidance 

behavior of common carp. 

 

Private hooking experience 

 

The development of a distinct hook avoidance behavior due to private learning was found 

after two hours (short-term) as well as two days (medium-term) following a recent hooking 

experience. The ability of hook avoidance learning after a physical contact with a fishing hook 

has been previously described for carp several times (e.g., Beukema 1970b, Beukema and de 

Vos 1974, Raat 1985, Klefoth et al. 2013, Lovén Wallerius et al. 2020, Czapla 2021). Although 

the private hook avoidance was not significant in all experiments and private treatments, most 

probably due to low sample sizes across the treatments, general trends were visible especially 

in the descriptive statistics that fish with private hooking experience were consistently less 

likely to ingest the offered sham rig or freebait than angling naïve control fish. Under the 

assumption that physiological impairments disappear within few hours (e.g., Kieffer 2000, 

Arlinghaus et al. 2007, Rapp et al. 2012, 2014), the present study assumes that private learning 

processes were responsible for the development of a distinct hook avoidance behavior in the 

study fish, at least after two days. Moreover, the private hook avoidance by the carp in this 

study was in line with recent experiments by Lovén Wallerius et al. (2020), who used the same 

study fish and found that these fish were able to show hook avoidance behavior due to a single 
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and private hooking experience, which was measureable two hours as well as 5-7 days post 

catch-and-release. Taken together, the present results confirmed that the carp were able to 

develop a distinct hook avoidance behavior again due to a new or repeated private hooking 

experience. Accordingly, the earlier hook avoidance as described by Lovén Wallerius et al. 

(2020) could be successfully reproduced. 

The privately learned hook avoidance behavior found in the present study most likely 

resulted from the physical contact with a fishing hook coupled with a physiological stress 

response during the hooking event. The fact that angling induces physiological stress 

impairments is known from a voluminous body of work (e.g., Wendelaar Bonga 1997, Barton 

2002, Meka and McCormik 2005, Wedemeyer and Wydoski 2008, Arlinghaus et al. 2009, Rapp 

et al. 2012, 2014, Cooke et al. 2013, Eckroth et al. 2014, Pullen et al. 2017, Lovén Wallerius et 

al. 2019, Hlina et al. 2021) and implies that the hooking experience itself is an exhausting and 

energetically demanding exercise for a fish. Depending on the severity of the particular 

hooking event, such stressors may manifest in behavioral changes (i.e., tertiary stress 

response) (Barton 2002, Schreck and Tort 2016) and may affect the fish behavior post release 

even in the long-term (e.g., Cooke et al. 2002, Cooke and Philipp 2004, Klefoth et al. 2008, 

2011, Ferter et al. 2015, Lennox et al. 2015, Arlinghaus et al. 2017a, Twardek et al. 2018, Lovén 

Wallerius et al. 2020, Czapla 2021, Hlina et al. 2021). Although fish are known to recover within 

a few hours from the physiological disturbance of a C&R event (Kieffer 2000, Arlinghaus et al. 

2009, Rapp et al. 2012, 2014, Cooke et al. 2013), if an individual learns to associate similar 

events with the accompanying stressors in the future, it can be assumed that the initial 

experience was perceived as a negative stimulus. In particular, situations associated with a 

stressful, harmful or negative experience can be well remembered by most vertebrates and 

are often used for preventive behaviors like avoiding certain areas or objects in future 

situations (Kieffer and Colgan 1992, Brown and Laland 2003, Ferrari et al. 2005, Dunlop et al. 

2006, Gerber et al. 2014). Accordingly, it was very likely that the fish in the present study 

learned to associate certain negative experiences, such as the hooking event, with a respective 

stress response to avoid a similar experience in the future. 

 

Impact of repeated private hooking experiences 

 

Carp with a repeated private hooking experience showed according to the calculated hazard 

ratios, the highest hook avoidance two hours after rehooking compared to angling naive 
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controls, whereby the hook avoidance was of similar magnitude to the new private hooking 

experience. Thus, both recently hooked private treatments were less catchable compared to 

controls, whereas the repeated hooking experience did not statistically result in a stronger 

avoidance towards the sham rig two hours after the recent contact with a fishing hook. The 

lack of increased hook avoidance towards the sham rig after repeated hooking was not 

expected as it was assumed that with more experience the avoidance behavior would increase 

as well (e.g., Piront and Schmidt 1988, Williams et al. 2002, Yue et al. 2004, Vilhunen 2006). 

Accordingly, other factors might be responsible for the revealed behavior. For instance, fish 

are known to habituate quickly to repeated stress responses, whereas the first exposure 

typically induces a higher stress response, for example as measured by the rate of cortisol 

release (Lieberman 1990, Johansson et al. 2016, Vindas et al. 2016, Houslay et al. 2019). It is 

therefore possible that the hook avoidance behavior of similar magnitude between the new 

and repeated private hooking experience was due to a similarly strong or slightly weaker stress 

response which overshadowed the actual learning process, as such stress responses have 

usually not yet subsided within two hours after the recent hooking experience (Kieffer 2000, 

Arlinghaus et al. 2009, Rapp et al. 2012, 2014, Cooke et al. 2013). Though, assuming that the 

stress response of fish with a repeated private hooking experience was similar to the new 

private experience, the repeated stimulation could still be responsible for the slightly higher 

hook avoidance when both treatments (P-double; P-new) were compared to control fish. 

Two days after rehooking, fish with a repeated private hooking experience showed the 

highest hook avoidance behavior among the treatments when compared to never hooked 

control fish. Although the new privately hooked fish were still less vulnerable to angling than 

the controls, this was no longer statistically detectable and also tended to be less pronounced 

than the fish with a repeated private hooking experience. These findings were in line with the 

hypotheses that fish with repeated private hooking experiences develop greater hook 

avoidance than a single private experience. Particularly within C&R fisheries, fish are known 

to be recaptured multiple times (e.g., Beukema 1970b, Beukema and de Vos 1974, Linfield 

1980, Raat 1985, Tsuboi and Morita 2004, Klefoth et al. 2013, Lennox et al. 2015, 2016b, Monk 

and Arlinghaus 2017, Koeck et al. 2020), whereby the number of recaptures decreases with 

the number of hooking experiences, which in turn is suggestive of higher hook avoidance 

through repeated experience. Moreover, it is known that fish can learn more successfully with 

repeated training or experiences (e.g., Piront and Schmidt 1988, Williams et al. 2002, Yue et 
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al. 2004, Vilhunen 2006). Assuming the initial stress responses had subsided after two days 

(e.g., Kieffer 2000, Arlinghaus et al. 2007, 2009, Rapp et al. 2012, 2014, Cooke et al. 2013), it 

can be interpreted that the behavior observed in this study is a reflection of learned hook 

avoidance behavior. Thus, the repeated hooking experience left a stronger cognitive legacy to 

avoid a hooking event after two days than when being hooked only once. However, this should 

not generally rule out the possibility that fish cannot learn by one-trial learning, as the lack of 

significant detectability after two days may likely be an issue related to the small sample size 

among the treatments. 

In the current literature, detailed knowledge about the impacts of repeated hooking 

experiences and the influence on hook avoidance behavior in fish is lacking. Angling studies in 

the field or in big pond environments reported that fish were often captured more than once, 

however, different levels of hooking experiences and the resulting hook avoidance behaviors 

were not compared due to either the methodological design or that the hook avoidance was 

not directly addressed (e.g., Beukema 1970b, Raat 1985, Tsuboi and Morita 2004, Klefoth et 

al. 2013, Monk and Arlinghaus 2017, Koeck et al. 2020). The hook avoidance behavior shown 

in the present study may be best compared with the development of a distinct antipredator 

behavior and a repeated encounter with a predator (Brown and Laland 2003, Kelley and 

Magurran 2003, Griffin 2004, Vilhunen 2006). In this context, repeated encounters with a 

predator are known to result in greater avoidance of the predator than a single encounter, 

which is expressed by a more cautious behavior or an increased flight response (Magurran 

and Higham 1988, Brown and Laland 2003, Yue et al. 2004, Vilhunen 2006). Therefore, more 

experienced individuals should exhibit better hook avoidance strategies compared to less 

experienced carp as this may increase the survival in the future. The present study underlines 

those expectations, as carp with a repeated hooking experience were better able to associate 

the presented sham rig with a particular threat or a “predator” compared to individuals with 

just a single private hooking experience two days after the hooking experience. 

 

Memory loss of an old private hooking experience 

 

Fish with an old (17 months ago) private hooking experience still showed in the short-term 

vulnerability assessment a tendency towards elevated hook avoidance behavior compared to 

controls and in comparison to the other private treatments the weakest hook avoidance 

behavior. However, two days later in the medium-term vulnerability assessment carp with the 
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old hooking experience were still less vulnerable to angling compared to controls, but the 

hook avoidance behavior was of similar magnitude as the newly (P-new) hooked private fish. 

Accordingly, it is conceivable that in the short-term analysis, the cognition of the newly private 

hooked fish was overwhelmed by the instantaneous stress response (e.g., reduced activity) 

two hours after the C&R event (Arlinghaus et al. 2007, Klefoth et al. 2011, Rapp et al. 2012), 

which resulted in greater hook avoidance behavior and thus revealed certain differences from 

the old hooking experience. After the stress response of the newly privately hooked fish had 

potentially subsided after two days, hook avoidance was of similar strength to the old private 

hooking experience, which is an argument against memory loss. In addition, Czapla (2021) 

reported for the same study fish three months earlier that those individuals were still able to 

remember a former hooking experience for up to 14 months. Accordingly, it would be very 

unlikely that the same fish would now no longer exhibit hook avoidance behavior. Although 

the hook avoidance after two days was not statistically reliable, most likely due to low sample 

size and insufficient power (Table A8), the reduced vulnerability to angling of carp from the 

treatment P-old illustrated that the old hooking experience was not totally forgotten and had 

quite similar effects as being newly hooked. 

In recent decades, there has been disagreement regarding how long a single hooking 

experience can be remembered in carp (Beukema 1970b, Raat 1985). Beukema (1970b) stated 

that carp were able to retain a hooking experience for one year, as after that time duration 

the carp still showed a lower vulnerability to angling compared to unfished carp. Although 

Raat (1985) also reported fast declines in catch rates after a few angling sessions similar to 

Beukema (1970b), effects of lower vulnerability to angling were lost after one year. The 

differences in the temporal dimension of hook avoidance learning in carp (Beukema 1970b, 

Raat 1985) might be based on methodological issues such as conducting the experiments in 

large ponds and having large group sizes, which prevented the ability to track individual fish 

and their capture histories (e.g., when fish were lost during a fight). By contrast, previous 

experiments using the same study animals as in the present study revealed clear evidence for 

hook avoidance being remembered for up to 14 months (Czapla (2021). Taking into account 

that the carp with the old private hooking experience of the present study were still less 

vulnerable than the control fish, this would mean that the initial hooking experience could be 

remembered at least to some extent after 17 months.  
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In the present study fish with an old private hooking experience, although not 

statistically supported, showed in the medium-term vulnerability assessment a 52% reduced 

vulnerability to angling compared to control fish. In comparison, two hours after the initial 

hook experience by Lovén Wallerius et al. (2020) the privately learned hook avoidance was 

accounted with 56.9% and after 5-7 days with a 62.5% reduced likelihood to ingest the sham 

rig compared to controls. Czapla (2021) reported the privately acquired hook avoidance with 

a reduced risk to pick up the sham by 59% (7 months) and by 71% (14 months) in comparison 

to angling naïve control fish. Considering these values regarding the hook avoidance of the 

same fish in previous studies (Lovén Wallerius et al. 2020, Czapla 2021), it becomes apparent 

that the reduced vulnerability to angling due to the initial private hooking experience was 

roughly the same magnitude across the studies. As the privately learned hook avoidance 

weakened only slightly over time, it may be assumed that there was no great memory loss of 

the study fish and that non-statistical detectability of hook avoidance was more an issue of 

sample size (Table A8). Although Koeck et al. (2020) demonstrated that short breaks in angling 

made rainbow trout more vulnerable to angling again, this could not be shown for the carp in 

the present study and might be most likely due to species-specific differences in learning 

(Coble et al. 1985) or different foraging strategies (Cole 1905, McCrimmon 1968, Nakano et 

al. 1999, Pollux 2017).  

Retaining information and behaviors for longer periods, like in tendencies in the 

present case for 17 months, is energetically costly (Fernö et al. 2020), as the time could be 

better spent on foraging and mating instead of being risk averse due to expected threats, even 

when no particular threat is around (Kraemer and Golding 1997, Ryer and Olla 1998, Walters 

2000, Killen and Brown 2006, Ferrari et al. 2010, Brown et al. 2011b). Individual memory 

capacity is always a trade-off between costs and benefits, with memories of lesser importance 

being forgotten faster while critical memories can be retained for longer periods (Dukas 1999). 

For instance, Brown (2001) reported an increased flight response in rainbow fish 

(Melanotaenia duboulayi) from an aversive stimulus 11 months after the first experience. Triki 

and Bshary (2020) gave evidence that cleaner fish (Labroides dimidiatus) were able to 

remember a previous capture as well for 11 months. Bamboo sharks (Chiloscyllium griseum) 

were able to remember a learned task for 50 weeks (Fuss and Schluessel 2015). Pacific salmon 

(Oncorhynchus spp.) are famous for their life-long memory finding their natal rivers for 

spawning after living several years in the ocean (Dittman and Quinn 1996, Lohmann et al. 
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2008, Putman et al. 2013). Thus, it is quite possible that fish can remember certain experiences 

over longer periods, especially if the initial experiences have high adaptive value like avoiding 

a future capture, as it was in tendencies the case in the present study. 

 

Social hooking experience 

 

No statistical evidence for socially acquired hook avoidance behavior was found in the short- 

and medium-term vulnerability assessments, although some of the social treatments tended 

to be less vulnerable to angling compared to controls. The lack of socially acquired hook 

avoidance was not in line with previous experiments on the same study fish (Lovén Wallerius 

et al. 2020, Czapla 2021). Lovén Wallerius et al. (2020) reported that carp that observed a 

single hooking event once were significantly less vulnerable to angling two hours later and 

were less likely to ingest corn kernels in the presence of a sham rig 5-7 days post hooking. 

Czapla (2021) provided additional evidence for social learning as the same study fish were still 

less vulnerable to angling up to 14 months after the initial social hooking experience. 

Accordingly, it is very likely that methodological differences in the hooking procedure as well 

as the small sample size among the treatments caused the lack of significant evidence for 

repeated or new socially learned hook avoidance. 

One possible explanation that repeated or new social hook avoidance was not 

detectable in the present study could be that not all fish were likely to voluntarily ingest the 

corn-baited angling rig during the rehooking. The exclusion of fish that did not ingest the bait 

was not possible due to the low sample size among treatments. Adding more study fish was 

also not possible as additional fish would lack the former hooking experience or the process 

of retesting from earlier experiments (Lovén Wallerius et al. 2020, Czapla 2021). Accordingly, 

some of the private fish were manually hooked, which in total accounted for 50% (N=5) of P-

double and 37.5% (N=3) of P-new. Although the social carp observed the private individuals 

struggling with the angling rig after the manual hooking, they could not observe how the 

private carp ingested the angling rig directly. Thus, the complete process of the hooking 

experience was not observable for a certain number of social (i.e., S-double, S-new) carp. 

Accordingly, it is quite conceivable that due to the lack of the complete hooking observation, 

repeated or new social hook avoidance behavior could not be learned to the same extent as 

in the studies before (Lovén Wallerius et al. 2020, Czapla 2021). Louison et al. (2019b), already 

suggested that fish may require the full range of social cues during a hooking experience to 



Discussion 

 

59 

learn a socially hook avoidance behavior, based on a study with largemouth bass, which might 

also explain current findings.  

A further explanation for the lack of socially learned hook avoidance might be the low 

sample size among the social treatments and partly low event rate during the observations. 

Lovén Wallerius et al. (2020) was able to examine the behavior of 33 fish with a social hooking 

experience. Despite natural mortality, Czapla (2021) was still able to observe the behavior of 

22 social individuals. By contrast, in the present study the sample size of the social treatments 

ranged between 8 to 10 individuals. Accordingly, the sample size was markedly smaller 

compared to the previous studies (Lovén Wallerius et al. 2020, Czapla 2021) and may be the 

main reason that the social hook avoidance could not statistically identified, especially in light 

of an insufficient hooking experience due to manually rehooking. Power analyses (Table A3, 

Table A5, Table A8, Table A10) of the calculated Cox proportional hazard regressions 

underscored the low sample size and low statistical power particularly among the social 

treatments. 

A further methodological difference to the initial hooking experience 17 months prior 

(Lovén Wallerius et al. 2020) was the use of a transparent divider during the rehooking of the 

treatments P-double and S-double. This was done to rule out the possibility of hooking the 

social individual (S-double) by accident. Opaque dividers or nets are a frequently used method 

to allow visual or olfactory contact to predators or conspecifics as well as to guarantee a 

spatial separation in experimental environments between several fish (e.g. Woody and Mathis 

1998, Millot et al. 2009, Sailer et al. 2012, Morin et al. 2013, Toms and Echevarria 2014, 

Bannier et al. 2017). In the present study, it might be that the visual contact through the 

divider was inhibited and the distance between two fish was too big, which decreased the 

ability to achieve hook avoidance by social learning. Furthermore, as fish often rely on 

olfactory cues (i.e., Schreckstoffe) to receive information about threats (Von Frisch 1938, 

1942, Göz 1942), poor diffusion of such substances through the divider could also be a reason 

for the lack of hook avoidance of the social treatment (S-double), even though each divider 

was equipped with about 60 drill holes. Accordingly, the weakly pronounced hook avoidance 

of the treatment S-double may be the result of the divider usage and was therefore not as 

strong as in previous studies (Lovén Wallerius et al. 2020, Czapla 2021). In addition, this could 

also explain why fish with a new social (S-new) hooking experience, which were hooked 
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without a divider, showed in the short- and medium-term vulnerability assessment a higher 

hook avoidance relative to fish from S-double. 

 

Methodological differences between short- and medium-term vulnerability assessment 

 

The hook avoidance measured in the short- and medium-term vulnerability assessments 

among the treatments was overall very similar, however, there were a few minor exceptions. 

It is important to consider that the short-term vulnerability assessment two hours post 

rehooking was done in groups and by the use of a divider. By contrast, within the medium-

vulnerability assessment two days later, the fish were tested in isolation without the spatial 

separation by a divider. The fact that fish were tested two hours after rehooking in groups had 

two reasons. First, as the carp were rehooked in groups, additional stress from handling (i.e., 

netting) as well as acclimatization to a new aquarium should be reduced as much as possible 

(Davis and Schreck 1997, Baker et al. 2013). Thus, it was ruled out that the hook avoidance 

behavior might have been caused by other or additional stressors. Second, by this procedure 

the hooking process was recreated as accurately as possible and replicated the method 

developed by Lovén Wallerius et al. (2020) 17 months earlier. Similar to present study, Lovén 

Wallerius et al. (2020) also tested the fish in pairs two hours after the hooking experience, and 

individual observations did not take place until the following days. While the observations of 

the short- and medium-term observations were methodologically not directly comparable 

within the present study, they tended to show similar behavioral patterns, however, minor 

effects due to the study design may be assumed.  

 

Impact of a demonstrator on hook avoidance 

 

Privately and socially (tendentially) learned hook avoidance could be demonstrated in the 

demonstrator test, whereas the hook avoidance did not increase with the experience or the 

attendance of a demonstrator. Although it is known that learning from more experienced 

individuals brings far-reaching survival advantages and has been described already many 

times (Griffin 2004, Sumpter et al. 2008, Brown and Laland 2011, Ward et al. 2011, Wolf et al. 

2013), this could not be detected in terms of hook avoidance in the present study. Rather, the 

present findings of the demonstrator test were in line with recent experiments on largemouth 

bass, as angling vulnerability of naïve bass did not decline with the presence of previously 
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hooked conspecifics (Louison et al. 2019b). Louison et al. (2019b) suggested that angling naïve 

bass were unable to develop hook avoidance when just being paired with angling experienced 

conspecifics, as there was no opportunity to observe a threatening hooking event of a 

demonstrator once or again. In addition, Griffin (2004) stated that naïve individuals rely often 

on distinct “fear responses” emitted by demonstrators to detect threatening situations. In 

particular, behavioral responses like freezing, flight, nervous movement or the release of 

alarm substances demonstrated by the more experienced individual can be an indicative and 

necessary cue to foster the learning processes as an unexperienced individual (Manassa and 

McCormick 2012, 2013, Crane et al. 2015, Crane and Ferrari 2016). In the case of repeated 

confrontations with an angling rig, it seems quite possible that experienced individuals will 

simply ignore the hook, which in turn reduces the observable fear responses for less 

experienced individuals. Accordingly, the “fear responses” of the demonstrator towards the 

sham rig in the present study might not have been strong enough to be received by the 

observers and prevented an increase of hook avoidance while being together with a more 

experienced demonstrator. 

A further explanation for the lack of demonstrative effects on hook avoidance might 

be that only every fourth observation resulted in an event (i.e., ingesting the sham rig or the 

corn kernel). During the short- and medium-term vulnerability assessments, almost every 

second observation resulted in an event. During the feeding experiment, 74-80% of the 

observations resulted in a food uptake. The recording time during the demonstrator test was 

300 seconds per sample and therefore the shortest compared to all other experiments. In 

addition, dropping corn kernels or the sham rig every 300 seconds four times a row into the 

aquaria might have caused too much disturbance by human presence. Being in front of the 

aquarium could have similar effects as the sudden appearance of a model predator 

(Huntingford and Wright 1989, Kelley et al. 2003) and might change the behavior temporary. 

Accordingly, it may be suggested that the observation time of 300 seconds per exposure of 

the respective object (sham rig or corn kernel) was too short to recover from the human 

appearance and diminished the possibility to record an event. Due to the small number of 

events among treatments, it is likely that not all interactions were covered sufficiently to 

determine significant differences (Cox 1972, Uno et al. 2015), resulting in no detectable 

demonstrator effects on hook avoidance.  
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Surprisingly, fish that were paired with a demonstrator of the same treatment revealed 

in each single observation the strongest hook avoidance compared to situations lacking a 

demonstrator or being coupled with a demonstrator of another treatment. This in turn would 

mean that the carp might not follow the demonstrators who have the most experience but 

rather those who have the same experience. Swaney et al. (2001) reported similar findings, as 

naïve guppies were more likely to follow the less-trained guppies compared to well-trained 

guppies. This was explained by the fact that naive fish could follow the less-trained fish in the 

maze more easily, whereas the well-trained ones were too fast. In this context, it seems 

possible that the carp in the present study were able to learn the behavior best from 

demonstrators with the same experience level, since other treatments may have had too little 

experience (Control) or too much experience (Private pooled). As these effects were not 

significant, they could not be confirmed finally and are therefore only suggestions to explain 

the present findings and to inspire further research. 

 

Aversion to freebait in the presence of a sham rig 

 

The present study could not reveal that the probability of ingesting a corn kernel changed with 

the presence of a sham rig. By contrast, previous experiments 17 months before (Lovén 

Wallerius et al. 2020) found that carp with a private or social hooking experience were less 

likely to pick up the non-threatening corn kernel in the presence of the sham rig. Moreover, 

Czapla (2021) reported that the latency to ingest the corn kernel of social individuals was 

influenced by the presence of a sham rig seven months after the hooking experience, whereas 

this effect was no longer detectable after 14 months most probably due to memory loss. The 

lack of influence of the sham rig on the foraging behavior 14 months afterwards (Czapla 2021) 

might also explain why fish with an old (private or social) hooking experience showed no 

association to the sham rig when freebait was offered anymore. Furthermore, it might be as 

well possible that the increased portion of manually hooked fish compared to the former 

hooking experience (Lovén Wallerius et al. 2020) fostered not a real association between a 

threat and an angling rig. This could explain why all other treatments with a repeated or new 

(private or social) hooking experience showed no evidence for associative learning of the sham 

rig in this particular experiment. In addition, despite testing twice, the sample size and number 

of events might have been insufficient to cover all interactions adequately and to reach 

statistical support. 
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Food preferences 

 

No aversion to distinct food items was found in the present study, as all treatments ingested 

free available food (corn or pellets) in a similar amount or time when no sham rig was present. 

In addition, also in both the freebait experiment and the demonstrator test, carp showed no 

different feeding behavior based on their previous fishing experience. Although Lovén 

Wallerius et al. (2020) reported 17 months earlier that fish with a private hooking experience 

ingested more corn before being hooked, such an increase in corn uptake was already 

undetectable within the follow-up experiments by Czapla (2021). In general, it can be assumed 

that bold and aggressive fish will ingest an angling bait faster than those with a shy and less 

aggressive behavior (Sutter et al. 2012, Klefoth et al. 2013, 2017). Thus, the initial differences 

in foraging behavior observed by Lovén Wallerius et al. (2020) were explained by the fact that 

private fish were caught faster in comparison to social individuals, suggesting that individuals 

exhibited a more dominant and bold behavior in a competitive foraging situation in the private 

treatment (Ward et al. 2006). Furthermore, Klefoth et al. (2013) revealed that bolder 

individuals ingested available food items quicker than shyer carp, while in general a clear 

preference for corn kernels was observed over pellets. Given the present results and the fact 

that the foraging behavior was not influenced by the hooking experience, it can be excluded 

that the hooking process selected for different behavioral types. Rather, the results suggested 

that any individual differences in feeding behavior (Pollux 2011, 2017, Mulder et al. 2021) or 

taste preferences (Kasumyan 2000) were equally distributed across the treatments and thus 

no differences in foraging behavior among treatment groups were found, similar to Czapla 

(2021).  

 

Inspection behavior 

 

Carp with a repeated or a new private hooking experience showed a significantly higher 

number of approaches towards the sham rig compared to control fish two hours post 

rehooking. Two days after rehooking only fish with a new or old social experience revealed an 

elevated number of approaches, whereby the significance of S-old was based most likely due 

to a single outlier. However, in both experiments the number of sham rig uptakes was always 

similar to controls. Accordingly, some of the treatments with a recent hooking experience (i.e., 

P-double, P-new, S-new) inspected the sham rig more frequently, but did not result in the 
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sham rig picked up more often at the same time. Such inspective behavioral patterns are 

commonly described as predator inspection behavior and are known for several species (e.g., 

Pitcher et al. 1986, Pitcher 1992, Csányi and Dóka 1993, Brown and Godin 1999, Brown and 

Dreier 2002, Brown 2003, Brown and Magnavacca 2003, Kelley and Magurran 2003). Similar 

to the findings of present study also Klefoth et al. (2013) described that carp approached 

places of recent hooking experiences with a predator inspection behavior and were able to 

ingest angling rigs without being hooked. It is assumed that fish, which risk an encounter with 

a predator more frequently, are better suited to evaluate the potential threat, while relying 

commonly on visual or olfactory cues (Pitcher et al. 1986, Csányi and Dóka 1993, Brown and 

Godin 1999, Brown and Magnavacca 2003). Thus, it is likely that the fish in the present study 

learned to recognize the sham rig as a potential threat or predator and based on their recent 

hooking experience, inspected the sham rig more frequently than their conspecifics to avoid 

being hooked again. 

While assessing the threat of a particular predator, fish must connect the available 

information, including visual, tactile, olfactory, or auditory cues, with the particular predation. 

In addition, this information must be remembered and applied accordingly when facing the 

same risky situation (Hartman and Abrahams 2000, Kelley and Magurran 2003, Walling et al. 

2004). As no aversion towards a particular bait was found and a fishing hook usually emits no 

scent or sound, olfactory and auditory cues were probably not decisive. Since the fish did not 

pick up the sham rig more often to receive tactile stimuli, visual cues were likely mainly 

responsible for the inspective behavior. Those findings were in line with the previous 

experiment of Czapla (2021). Czapla (2021) reported that carp, which received a single private 

hooking experience seven months earlier, approached the sham rig more frequently 

compared to uncaught controls, whereas this not resulted in more uptakes. In addition, 

Klefoth et al. (2013) stated that carp were able to identify and expel the hook in their 

laboratory experiments most likely by vision, as the vulnerability to angling increased in 

situations with low visibility (at night). Increased carp landings in angling competitions at night 

(Žák 2021) might be as well an indication for learned hook avoidance and that carp are better 

able to recognize the angling rig by vision during daytime compared to nighttime. Thus, it is 

quite conceivable that carp learned in the present study to recognize the hook per visual cues 

and inspected the sham rig more frequently before picking it up, based on their former 

experiences with a fishing hook. 
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Growth rate 

 

Carp with a higher growth rate showed an increased likelihood to ingest the offered sham rig 

or corn kernel in the freebait (with or without a sham rig) and the demonstrator experiments.  

Raat (1985), also reported an increased vulnerability to angling with increasing growth, most 

probably due to an increasing food demand, which may result in higher foraging activities and 

encounters with fishing gear (Biro and Post 2008). However, the majority of observations in 

this study revealed no significant relationships with respect to hook avoidance and growth 

rate, which would be more in line with recent findings of Monk and Arlinghaus (2017) and 

Klefoth et al. (2017), as both studies found no clear relationship between the angling 

vulnerability and the growth rate. Studies on different varieties of carp revealed as well no 

relationships between average body weight and catchability (Suzuki et al. 1978). In addition, 

also Czapla (2021) found no correlation with growth rate and angling vulnerability by the use 

of the same study fish months before. Considering these different results, general statements 

regarding the influence of the growth rate on the angling vulnerability or the food uptake are 

difficult to make. However, the positive correlations and significant effects with growth rate 

in the present study were only found in the experiments in which the fish were tested for 

several times in succession. Thus, it might be possible that a double (freebait with and without 

sham rig) or a quadruple (demonstrator test) sample size could better reveal growth rate 

effects relative to situations where fish were observed only once. 

 

Behavioral status 

 

In all experiments, carp with a behavioral status assigned as hyperactive or freezing showed a 

reduced likelihood to ingest the offered sham rig or corn kernel compared to individuals with 

a calm behavior status. Individuals are known to differ in their physiological responses to cope 

with environmental challenges by using different coping strategies (Koolhaas et al. 1999, 2007, 

Fernö et al. 2020). Proactive individuals usually try to cope with challenges via adrenaline-

based responses, which include more active behaviors such as fright and flight responses. By 

contrast, coping strategies of reactive individuals are mostly cortisol-based, which implies 

avoiding risks with a more freezing and hiding behavioral pattern (Koolhaas et al. 1999, Sih et 

al. 2004, Huntingford et al. 2010). Accordingly, it seems possible that the assignment to the 

different behavioral statuses accounted for different coping strategies (Koolhaas et al. 1999, 
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2007). Since both reactions, fleeing or freezing, result in being less catchable, this could reflect 

a distinct behavioral pattern to avoid a future capture due to an individual stress response 

based on the encounter with fishing gear or bait. In addition, as never hooked control fish also 

showed hyperactive or freezing behavior, it might also be plausible that both behaviors reflect 

individual adaptation difficulties or stress responses due to the aquarium environment (Brown 

2001) based on individual differences in stress responsiveness (Koolhaas et al. 1999, Vindas et 

al. 2017, Geffroy et al. 2020).  

According to the behavioral status, freezing or hyperactive fish were most likely in a 

stressed internal state (Koolhaas et al. 1999, Sih et al. 2004, Huntingford et al. 2010) and 

therefore less likely to pick up the offered freebait or sham rig (Lennox et al. 2017). By 

assigning fish to a specific behavioral status, it was possible to evaluate such internal states as 

well as to gather information to what extent each fish was in a vulnerable state to angling 

during the observation (Lennox et al. 2017, Louison et al. 2017, Koeck et al. 2019). A common 

and non-invasive (i.e., without blood sample) approach to evaluate stress in fish is usually by 

counting the tail-beats (Ejike and Schreck 1980, Steinhausen et al. 2005) or the opercula 

movement/ventilation rate within a predefined time period (Li et al. 2008, Barreto and 

Volpato 2011, Roza e Silva et al. 2020), whereas the latter method is limited to predict the 

exact severity of the stimulus (Barreto and Volpato 2004). Due to observational limitations 

when the fish were seeking protection behind the plastic plants or stones within the aquaria 

as well as the sometimes limiting quality of the recordings made it unfeasible to assess the 

movement of the opercula or the tail-beats within this study. In addition, reference values 

were lacking to determine at which ventilation rate or tail-beat frequency carp were stressed 

or in a non-vulnerable state to angling. Experiments on adult northern pike have provided 

evidence that simple open-field arena tests were a rapid method to predict the behavior in 

the wild (Laskowski et al. 2016), which was consistent with individual coping styles to deal 

with stressful events (Koolhaas et al. 1999). Therefore, it was assumed that a simple 

behavioral categorization might be as well a suitable approach to test for the internal state 

being vulnerable to angling. Considering that freezing and hyperactive fish were less catchable 

in the present study as well as in the experiments of Czapla (2021), it can be assumed that a 

simple categorization of the dominant behavior in common carp was a rapid and suitable 

method to predict the internal state to be vulnerable to angling or not. 
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Limitations 

 

A systematic limitation of the present study was the non-randomized assignment to the 

treatment groups when the carp ingested the offered angling rig voluntarily. Angling is known 

to select for more vulnerable individuals that are often bolder, more aggressive or active, 

which makes the captured fish to a non-random portion of the fish stock (Cooke et al. 2007, 

Philipp et al. 2009, Wilson et al. 2011, Klefoth et al. 2013, 2017, Koeck et al. 2019). In addition, 

the vulnerability to angling can be also influenced by physiological, behavioral or 

morphological characteristics in fish (Lennox et al. 2017). Accordingly, there might have been 

the chance that the hooking process selected for bolder individuals that were in general more 

vulnerable to angling and therefore assigned to a private treatment. By contrast, the more shy 

and passive fish would be in the social treatments. However, as any competitive or boldness 

effects (e.g., faster food uptake) were not observed in the private treatments, it was assumed 

that negative effects based on the self-selected hooking process were negligible. Furthermore, 

such observations were also not described in the previous studies on the same study fish 

(Lovén Wallerius et al. 2020, Czapla 2021). 

A further major limitation of the present study was the low sample size and the partly 

unexpected low event rates among the treatments and experiments. For this reason, the 

tendencies of individual treatments were also considered in the present study when they were 

biologically plausible even if they did not meet the significance level of 95% (p = 0.05). 

Statistical power was relatively low across all experiments and treatments and could be only 

slightly increased by merging the treatments with a recent hook experience (Table A3, Table 

A5, Table A8, Table A10). The low number of events (Cox 1972, Uno et al. 2015) and the fact 

that some fish were manually hooked and therefore did not receive the full hooking 

experience could be the main reasons for the often non-significant effects. However, all carp 

differed, at least to some extent, to the controls and were more suspicious towards the 

offered sham rig or freebait. Therefore, it was assumed that hook avoidance was present at 

least to some extent in the fish, although such experiments should probably be performed 

with more individuals in future studies. This would allow more statistical support for 

differences between the individual treatments and their hooking experiences. 

Another limitation of the explanatory power of available results might have been the 

use of the former paired control group (Lovén Wallerius et al. 2020, Czapla 2021) as the 

control group in present study. Czapla (2021) reported that fish in the paired control group no 
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longer differed significantly with respect to hook avoidance compared to private or social fish 

14 months after the initial hooking experience, whereas carp from the second control group 

(Control single) did. These results were not available at the time of data collection for present 

study. The choice to use the paired control groups as controls in the present study originated 

from the fact that those individuals showed the best results in the experiments by Lovén 

Wallerius et al. (2020) and might also be better suited for later group tests in this study. For 

these reasons, the single control group was abandoned and hooked to develop multiple levels 

of hooking experiences. Thus, it might be that present findings would differ if the former single 

control group, which revealed hook avoidance after 14 months compared to private or social 

carp, would have been chosen as control group in the present study instead of the paired 

control group. This should not mean that present findings are not convincing, rather it shows 

that even small variations in the experiments could lead to differences in the observations and 

highlights the importance of the correct choice of the controlling conditions. 

Laboratory studies can only reflect real-world conditions to a limited extent. When 

comparing present findings with more “natural” angling situations, it must be considered that 

the fish only had the opportunity to forage on the items offered (e.g., the sham rig, corn or 

pellets) during the experiments. Considering, that natural food was lacking in the aquaria, all 

fish were forced to make trade-offs between receiving a possible hooking experience and to 

feed on corn or pellets, or to remain starving. Indeed, studies reported that starved or hungry 

fish take higher risks and might be therefore more likely getting captured (Cerri and Fraser 

1983, Godin and Crossman 1994, Damsgård and Dill 1998, Moran et al. 2021). Raat (1987) 

already described such effects, as carp were less vulnerable to angling under more favorable 

food conditions. In addition, Klefoth et al. (2013) observed similar findings in carp as the fish 

were more vulnerable to angling within the laboratory than in the ponds. The authors 

suggested that those effects were most probably due to the absence of alternative natural 

food resources within the aquaria (Klefoth et al. 2013). Accordingly, transferring present 

findings to natural conditions might be limited as the study fish ingested the offered items 

within the aquaria with a higher likelihood or faster as it would have been under natural 

circumstances. Future studies are needed to develop ways to investigate hook avoidance 

behavior experimentally in more detail under natural conditions, which might be given by a 

combination of camera techniques and high-resolution acoustic telemetry. 

  



Conclusion and management implications 

 

69 

Conclusion and management implications 
 

In conclusion, the present study revealed the first evidence that repeated hooking experiences 

can increase the hook avoidance behavior in common carp compared to individuals that 

experienced a C&R event only once. Assuming that fish are frequently caught and released 

during a fishing season, the present findings indicate that carp may become more difficult to 

catch over time and catchability may decline. Altered catchability on the population level due 

to learning can therefore lead to hyperdepletion and the impression of fish-less waterbodies 

(Alós et al. 2015, 2019), whereas the fish in fact learned how to successfully avoid fishing 

hooks. Moreover, when fisheries managers aim for high catch rates to sustain high angler 

satisfaction (Arlinghaus et al. 2014, Beardmore et al. 2015, Birdsong et al. 2021), learned hook 

avoidance might counteract those goals. Accordingly, increasing angler skill or changing 

angling methods (Lennox et al. 2016b) would be more effective than increasing fish 

abundance with stocking programs to achieve high catch rates again. Although, social hook 

avoidance behavior was not significantly measureable in the present study, most likely due to 

methodological issues, the existence of social hook avoidance should not be ruled out for carp. 

Carp with a social hooking experience tended to be less vulnerable to angling compared to 

controls and the same study fish exhibited social hook avoidance behavior already in prior 

experiments (Lovén Wallerius et al. 2020, Czapla 2021). Despite the social learning abilities of 

carp, based on the present study results, it cannot be assumed that the mere presence of a 

more experienced demonstrator influences the hook avoidance behavior of an individual 

without the opportunity of observing a further hooking event. Overall, common carp as a 

highly social fish species (Bajer et al. 2010, Huntingford et al. 2010) coupled with high learning 

skills compared to other fish species (Coble et al. 1985), are well suited to develop distinct 

private or social hook avoidance behaviors (e.g., Beukema 1970b, Raat 1985, Klefoth et al. 

2013, Lovén Wallerius et al. 2020, Czapla 2021). Considering repeated hooking events 

involving more than one observer may quickly affect entire populations, making them less 

catchable (Monk and Arlinghaus 2017) or fostering effects such as a distinct timidity syndrome 

(Arlinghaus et al. 2017b). Accordingly, the hook avoidance behavior must be accounted as a 

major impact on the vulnerability to angling in common carp and considered as a decisive 

influence on angler satisfaction (Arlinghaus et al. 2014, Beardmore et al. 2015, Birdsong et al. 

2021) or catch-based stock assessments (Alós et al. 2015, 2019) in future studies. 
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Appendix 
 

Short-term vulnerability assessment 

 

Table A1 Cox proportional hazard regression model comparing the time to pick up the sham 
rig two hours after rehooking among treatments. The treatment “P-double” and the 
behavioral status “calm” were used as reference levels. Asterisks indicate significant 
differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Factor Estimate 
Exp  

(coef) 
SE  

(coef) 
p-value 

S-double 1.77 5.89 1.10 0.11 
P-new 0.30 1.35 1.42 0.83 
S-new 1.69 5.41 1.27 0.18 
P-old 1.66 5.28 1.10 0.13 
S-old 2.14 8.51 1.15 0.06 
Control 2.43 11.37 1.05 0.02* 
Growth rate 4.34 77.03 2.40 0.07 
Hyperactive -2.82 0.06 1.05 <0.01** 
Freezing -1.69 0.18 0.83 0.04* 
N = 74; likelihood ratio test: 35.88, df = 9, p < 0.001; number of events = 30 

 

Table A2 Cox proportional hazard regression model comparing the time to pick up the sham 
rig two hours after rehooking among treatments. The “P-old” treatment and the behavioral 
status “calm” were used as reference levels. Asterisks indicate significant differences (p < 
0.05*; p < 0.01**; p < 0.001***). 

Factor Estimate 
Exp  

(coef) 
SE  

(coef) 
p-value 

P-double -1.66 0.19 1.10 0.13 
S-double 0.11 1.12 0.64 0.86 
P-new -1.37 0.26 1.10 0.22 
S-new 0.02 1.03 0.91 0.98 
S-old 0.48 1.61 0.72 0.51 
Control 0.77 2.15 0.54 0.16 
Growth rate 4.34 77.03 2.40 0.07 
Hyperactive -2.82 0.06 1.05 <0.01** 
Freezing -1.69 0.18 0.83 0.04* 
N = 74; likelihood ratio test: 35.88, df = 9, p < 0.001; number of events = 30 
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Table A3 Power analysis and calculated sample sizes for sufficient power (α = 0.05, β = 0.8) to 
detect significant differences for the observed effect sizes of Table 1 (Cox proportional hazard 
regression of the short-term vulnerability assessment). 

 Treatments 

 P-double S-double P-new S-new P-old S-old 

N (Treatment) 10 10 8 8 10 10 

N (Control) 18 18 18 18 18 18 

Probability of failure over the 
maximum period of the 
experiment (Treatment) 

0.1 0.5 0.125 0.25 0.5 0.4 

Probability of failure over the 
maximum period of the 
experiment (Control) 

0.67 0.67 0.67 0.67 0.67 0.67 

Hazard Ratio (Reference Control) 0.09 0.52 0.12 0.48 0.46 0.75 

Calculated power (β) 0.65 0.21 0.52 0.19 0.26 0.08 

Required 
sample size  
(β = 0.8) 

Treatment 15 60 16 55 45 282 

Control 27 109 36 125 82 512 

 

Table A4 Cox proportional hazard regression model comparing time to pick up the sham rig 
two hours after rehooking among the control, the merged (double & new) as well as the old 
private and social treatment. The “Control” treatment and the behavioral status “calm” were 
used as reference levels. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 
0.001***). 

Factor Estimate 
Exp  

(coef) 
SE  

(coef) 
p-value 

P-double & P-new -2.29 0.10 0.77 <0.01** 
S-double & S-new -0.68 0.51 0.48 0.16 
P-old -0.77 0.46 0.54 0.16 
S-old -0.29 0.75 0.65 0.66 
Growth rate 4.30 73.36 2.39 0.07 
Hyperactive -2.83 0.06 1.05 <0.01** 
Freezing -1.71 0.18 0.77 0.03* 
N = 74; likelihood ratio test: 35.83, df = 7, p < 0.001; number of events = 30 
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Figure A1 Boxplots showing the time to pick up the sham rig two hours after rehooking among 
the control, the merged (double & new) and old private and social treatment. The horizontal 
line indicates the median, the box dimensions represent the 50% interquartile range and the 
whiskers are 1.5 times the interquartile range. Asterisks indicate significant differences 
between two treatments. Sample size shown above the bars. 
 

 

Figure A2 Survival curves showing the probability to pick up the sham rig two hours after 
rehooking among the control, the merged (double & new) and the old private and social 
treatment. Observation time was 600 seconds. 

* 
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Table A5 Power analysis and calculated sample sizes for sufficient power (α = 0.05, β = 0.8) to 
detect significant differences for the observed effect sizes of Table A4 (Cox proportional 
hazard regression of the short-term vulnerability assessment with merged treatments). 

 Treatment 

 P-double & 
P-new 

S-double & 
S-new 

P-old S-old 

N (Treatment) 18 18 10 10 

N (Control) 18 18 18 18 

Probability of failure over the maximum 
period of the experiment (Treatment) 

0.11 0.39 0.5 0.4 

Probability of failure over the maximum 
period of the experiment (Control) 

0.67 0.67 0.67 0.67 

Hazard Ratio (Reference Control) 0.10 0.51 0.46 0.75 

Calculated power (β) 0.87 0.29 0.26 0.08 

Required  
sample size  
(β = 0.8) 

Treatment 16 71 45 282 

Control 16 71 82 512 
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Medium-term vulnerability assessment  

 

Table A6 Cox proportional hazard regression model comparing the time to pick up the sham 
rig two days after rehooking among treatments. The “P-old” treatment and the behavioral 
status “calm” were used as reference levels. Asterisks indicate significant differences (p < 
0.05*; p < 0.01**; p < 0.001***). 

Factor Estimate 
Exp 

(coef) 
SE  

(coef) 
p-value 

P-double -1.41 0.24 1.12 0.21 

S-double 1.07 2.92 0.62 0.08 

P-new 0.51 1.66 0.77 0.51 

S-new 0.97 2.63 0.83 0.24 

S-old 1.13 3.10 0.79 0.15 

Control 0.73 2.08 0.62 0.23 

Growth rate -1.41 0.25 2.26 0.53 

Hyperactive -1.83 0.16 0.50 <0.001*** 

Freezing -18.02 <0.01 4493 0.99 

N = 74; likelihood ratio test: 30.61, df = 9, p < 0.001; number of events = 32 

 

Table A7 Cox proportional hazard regression model comparing the time to pick up the sham 
rig two days after rehooking among treatments. The treatment “P-double” and the behavioral 
status “calm” were used as reference levels. Asterisks indicate significant differences (p < 
0.05*; p < 0.01**; p < 0.001***). 

Factor Estimate 
Exp 

(coef) 
SE  

(coef) 
p-value 

S-double 2.48 11.90 1.07 0.02* 

P-new 1.92 6.79 1.16 0.10 

S-new 2.37 10.74 1.19 0.045* 

P-old 1.41 4.08 1.12 0.21 

S-old 2.54 12.67 1.16 0.03* 

Control 2.14 8.49 1.06 0.04* 

Growth rate -1.41 0.25 2.26 0.53 

Hyperactive -1.83 0.16 0.50 <0.001*** 

Freezing -18.02 <0.01 4493 0.99 

N = 74; likelihood ratio test: 30.61, df = 9, p < 0.001; number of events = 32 
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Table A8 Power analysis and calculated sample sizes for sufficient power (α = 0.05, β = 0.8) to 
detect significant differences for the observed effect sizes of Table 5 (Cox proportional hazard 
regression of the medium-term vulnerability assessment). 

 Treatments 

 P-double S-double P-new S-new P-old S-old 

N (Treatment) 10 10 8 8 10 10 

N (Control) 18 18 18 18 18 18 

Probability of failure over the 
maximum period of the 
experiment (Treatment) 

0.1 0.8 0.375 0.375 0.4 0.4 

Probability of failure over the 
maximum period of the 
experiment (Control) 

0.5 0.5 0.5 0.5 0.5 0.5 

Hazard Ratio (Reference Control) 0.12 1.40 0.80 1.27 0.48 1.49 

Calculated power (β) 0.49 0.10 0.05 0.06 0.20 0.11 

Required 
sample size  
(β = 0.8) 

Treatment 21 164 540 394 65 151 

Control 38 298 1226 895 118 274 

 

Table A9 Cox proportional hazard regression model comparing the time to pick up the sham 
rig two days after rehooking among the control, the merged (double & new) as well as the 
“old” private and social treatment. The “Control” treatment and the behavioral status “calm” 
were used as reference levels. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; 
p < 0.001***). 

Factor Estimate 
Exp 

(coef) 
SE  

(coef) 
p-value 

P-double & P-new -1.12 0.33 0.61 0.06 

S-double & S-new 0.30 1.35 0.45 0.50 

P-old -0.74 0.48 0.61 0.23 

S-old 0.38 1.47 0.64 0.55 

Growth rate -1.69 0.19 2.10 0.42 

Hyperactive -1.79 0.17 0.48 <0.001*** 

Freezing -17.86 <0.01 4344 0.99 

N = 74; likelihood ratio test: 27.3, df = 7, p < 0.001; number of events = 32 
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Figure A3 Boxplots showing the time to pick up the sham rig two days after rehooking among 
the control, the merged (double & new) and old private and social treatment. The horizontal 
line indicates the median, the box dimensions represent the 50% interquartile range and the 
whiskers are 1.5 times the interquartile range. Asterisks indicate significant differences 
between two treatments. Sample size shown above the bars. 
 

 

Figure A4 Survival curves showing the probability to pick up the sham rig two days after 
rehooking among the control, the merged (double & new) and the old private and social 
treatment. Observation time was 600 seconds. 
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Table A10 Power analysis and calculated sample sizes for sufficient power (α = 0.05, β = 0.8) 
to detect significant differences for the observed effect sizes of Table A9 (Cox proportional 
hazard regression of the medium-term vulnerability assessment with merged treatments). 

 Treatment 

 P-double & 
new 

S-double & 
new 

P-old S-old 

N (Treatment) 18 18 10 10 

N (Control) 18 18 18 18 

Probability of failure over the maximum 
period of the experiment (Treatment) 

0.22 0.61 0.4 0.4 

Probability of failure over the maximum 
period of the experiment (Control) 

0.5 0.5 0.5 0.5 

Hazard Ratio (Reference Control) 0.33 1.35 0.48 1.47 

Calculated power (β) 0.44 0.10 0.20 0.10 

Required  
sample size  
(β = 0.8) 

Treatment 43 319 65 162 

Control 43 319 118 294 
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Freebait with and without a sham rig 

 

Table A11 Cox proportional hazard regression model comparing the time to pick up a corn 
kernel in the presence and absence of a sham rig two days after rehooking among the control, 
the merged (double & new) as well as the “old” private and social treatment. The “Control” 
treatment, the “Absence” of the sham rig and the behavioral status “calm” were used as 
reference levels. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Factor Estimate 
Exp  

(coef) 
SE  

(coef) 
p-value 

P-double & P-new -0.30 0.74 0.49 0.54 
S-double & S-new 0.39 1.48 0.44 0.37 
P-old 0.24 1.27 0.55 0.66 
S-old -0.51 0.60 0.60 0.40 
Sham rig present 0.13 1.14 0.44 0.77 
Growth rate 3.38 29.45 1.37 0.01* 
Hyperactive -1.35 0.26 0.28 <0.001*** 
Freezing -2.56 0.08 1.01 0.01* 
P-double & P-new × Sham rig present -0.04 0.96 0.67 0.96 
S-double & S-new × Sham rig present -0.38 0.69 0.63 0.55 
P-old × Sham rig present 0.07 1.07 0.74 0.92 
S-old × Sham rig present 0.70 2.02 0.78 0.37 
N = 148; likelihood ratio test: 42.6, df = 12, p < 0.001; number of events = 79 
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Figure A5 Boxplots showing the time to pick up a corn kernel two days after rehooking among 
the control, the merged (double & new) and old private and social treatment. The horizontal 
line indicates the median, the box dimensions represent the 50% interquartile range and the 
whiskers are 1.5 times the interquartile range. Asterisks indicate significant differences 
between two treatments. Sample size shown above the bars. 

 

Figure A6 Survival curves showing the probability to pick up a corn kernel in the presence and 
absence of a sham rig two days after rehooking among the control, the merged (double & 
new) and the old private and social treatment. Observation time was 450 seconds. 
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Demonstrator test 

 

Table A12 Power analysis and calculated sample size for sufficient power (α = 0.05, β = 0.8) to 
detect significant differences for the observed effect sizes of Table 8 (Cox proportional hazard 
regression of the demonstrator test). 

 Treatments 

 Private pooled Social pooled 

N (Treatment) 112 112 

N (Control) 72 72 

Probability of failure over the maximum 
period of the experiment (Treatment) 

0.13 0.29 

Probability of failure over the maximum 
period of the experiment (Control) 

0.31 0.31 

Hazard Ratio (Reference Control) 0.42 0.82 

Calculated power (β) 0.76 0.11 

Required  
sample size  
(β = 0.8) 

Treatment 125 1646 

Control 81 1062 
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Table A13 Cox proportional hazard regression comparing the “Control” treatment on the time 
to pick up the sham rig dependent on the attendance of a demonstrator during the 
demonstrator test. “No Demonstrator” and behavioral status “Calm” were used as reference 
levels. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Factor Estimate Exp (coef) SE (coef) p-value 

With Demonstrator -0.30 0.74 0.43 0.49 
Growth rate 7.29 1471 3.21 0.02* 
Hyperactive -20.36 <0.01 6135 0.99 
Freezing -20.35 <0.01 10410 0.99 
N = 72; likelihood ratio test: 36.36, df = 4, p < 0.001; number of events = 22 

 

Table A14 Cox proportional hazard regression comparing the “Control” treatment on the time 
to pick up the sham rig dependent on the type of demonstrative conspecific during the 
demonstrator test. “No Demonstrator” and behavioral status “calm” were used as reference 
levels. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Factor Estimate Exp (coef) SE  (coef) p-value 

Control as Demonstrator 0.96 2.62 0.79 0.23 
Private as Demonstrator -0.23 0.79 0.64 0.72 
Social as Demonstrator -0.66 0.52 0.62 0.28 
Growth rate 8.66 5744 4.13 0.04* 
Hyperactive -21.17 <0.01 6292 0.99 
Freezing -20.41 <0.01 10920 0.99 
N = 72; likelihood ratio test: 38.85, df = 6, p < 0.001; number of events = 22 

 

 

Figure A7 Survival curves of the “Control” treatment showing the probability to pick up the 
sham rig when being exposed to different types of demonstrative conspecifics or being alone 
in the aquarium. Observation time was 300 seconds. 
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Table A15 Cox proportional hazard regression comparing the “Private pooled” treatment on 
the time to pick up the sham rig dependent on the attendance of a demonstrator during the 
demonstrator test. “No Demonstrator” and behavioral status “calm” were used as reference 
levels. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Factor Estimate Exp (coef) SE (coef) p-value 

With Demonstrator -0.91 0.40 0.56 0.10 
Growth rate -2.53 0.08 3.23 0.43 
Hyperactive -0.48 0.62 0.60 0.42 
Freezing -1.99 0.14 1.06 0.06 
N = 112; likelihood ratio test: 7.68, df = 4, p = 0.1; number of events = 15 

 

Table A16 Cox proportional hazard regression comparing the treatment “Private pooled” on 
the time (s) to pick up the sham rig dependent on the type of demonstrative conspecific during 
the demonstrator test. “No Demonstrator” and behavioral status “calm” were used as 
reference levels. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p< 0.001***). 

Factor Estimate Exp (coef) SE (coef) p-value 

Control as Demonstrator 0.02 1.02 0.70 0.98 
Private as Demonstrator -1.76 0.17 1.06 0.097 
Social as Demonstrator -1.24 0.29 1.05 0.24 
Growth rate -3.19 0.04 3.24 0.33 
Hyperactive -0.30 0.74 0.63 0.63 
Freezing -1.88 0.15 1.09 0.08 
N = 112; likelihood ratio test: 10.55, df = 6, p = 0.1; number of events = 15 

 

 

Figure A8 Survival curves of the “Private pooled” treatment showing the probability to pick up 
the sham rig when being exposed to different types of demonstrative conspecifics or being 
alone in the aquarium. Observation time was 300 seconds. 
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Table A17 Cox proportional hazard regression comparing the “Social pooled” treatment on 
the time to pick up the sham rig dependent on the attendance of a demonstrator during the 
demonstrator test. “No Demonstrator” and behavioral status “calm” were used as reference 
levels. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Factor Estimate Exp (coef) SE (coef) p-value 

With Demonstrator 0.02 1.02 0.36 0.97 
Growth rate 2.00 7.36 1.51 0.18 
Hyperactive -1.73 0.18 0.61 <0.01** 
Freezing -2.15 0.12 1.03 0.04* 
N = 112; likelihood ratio test: 20.24, df = 4, p < 0.001; number of events = 32 

 

Table A18 Cox proportional hazard regression comparing the “Social pooled” treatment on 
the time (s) to pick up the sham rig dependent on the type of demonstrative conspecific during 
the demonstrator test. “No Demonstrator” and behavioral status “calm” were used as 
reference levels. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Factor Estimate Exp (coef) SE (coef) p-value 

Control as Demonstrator 0.30 1.35 0.53 0.57 
Private as Demonstrator 0.40 1.50 0.44 0.36 
Social as Demonstrator -0.68 0.51 0.57 0.23 
Growth rate 1.60 4.93 1.47 0.28 
Hyperactive -1.62 0.20 0.62 <0.01** 
Freezing -2.23 0.11 1.02 <0.03* 
N = 112; likelihood ratio test: 24.13, df = 6, p < 0.001; number of events = 32 

 

 

Figure A9 Survival curves of the “Social pooled” treatment showing the probability to pick up 
the sham rig when being exposed to different types of demonstrative conspecifics or being 
alone in the aquarium. Observation time was 300 seconds. 
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