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Abstract 
 

Earlier studies have shown that a one-time, private experience of hooking and releasing carp 

(Cyprinus carpio) can reduce individual catchability in the future. In the short term within a 

few days, carp can also learn from a social hooking experience that does not involve the 

private hooking experience and instead involves the experience of seeing a conspecific being 

hooked and released. It is unknown how long the hook aversion is retained in the carp’s 

memory. The study aim was to analyze whether private or social hooking experiences can be 

remembered 7 and 14 months after the experience. To that end, 76 one year old carp were 

either exposed to a private or social hook experience in aquariums or remained naive 

(control). 7 and 14 months later, the fish were exposed to a fishing situation, and their 

behavior in relation to the fishing bait was recorded. Corn kernels were used for fishing baited 

on sham rigs without a sharp hook. In comparison to angling-naïve control fish, fish from the 

private and social exposure both showed a reduced vulnerability to angling either after 7 or 

14 months of the initial experience. Specifically, fish with a private hooking experience needed 

significantly more time to ingest the sham rig in comparison to controls in both time periods. 

Private and social carp also showed altered responses to angling hooks, being more suspicious 

towards a piece of corn when offered in the presence of a sham rig. Common carp are able to 

remember a single hooking experience for at least 14 months. These findings will influence 

catch rates experienced by anglers and can modify fishery-dependent stock assessments in 

lakes and rivers. 
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Introduction 
 

Learning is one of the most fundamental abilities of animals to change the behavior and 

accompanies the individual to a large extend through all life stages (Maguran 1990, Kieffer 

and Colgan 1992, Brown and Laland 2001, Manassa and McCormick 2013). Applying newly 

learned behavior patterns can not only increase the individual fitness, but also enhance the 

overall survival by using the provided information into the decision-making processes 

appropriate (Manassa and McCormick 2013, Griesser and Suzuki 2017). Especially in a rapidly 

changing environment, which is under constant modification by human influences like 

degradation of habitats, pollution or even human fishing activities, the individual is forced to 

learn new strategies to avoid unprecedented threats or to use new resources (Sih 2013, Wong 

and Candolin 2015, Sih et al. 2016). Besides the appropriate behavior in distinct situations, the 

individual also has to learn to identify threatening cues in time and respond adequately.  

Generally, private learning is the result of a direct experience with a non-lethal 

outcome and is usually used to cope with a similar situation equally in the future (Askey et al. 

2006, Brown et al. 2011). For an example, goldfish (Carassius auratus) can learn to avoid 

certain areas within an aquarium, where they received an electric shock, which showed that 

goldfish associated the area to a negative stimulus (Dunlop et al. 2006). Moreover, predator-

naïve fathead minnows (Pimephales promelas) were exposed to different concentrations of 

brook char (Salvelinus fontinalis) odor in combination with chemical alarm cues and could 

learn thereby to recognize the actually unknown predator in later experiments (Ferrari et al. 

2005). Huntingford and Wright (1989) reported that three-spined sticklebacks (Gasterosteus 

aculeatus) learned to avoid a preferred feeding spot as they were attacked every time by a 

simulated overhead predator. In all of these cases, a single cue was related to a threat and 

provoked a distinct reaction. As fish carry out a great variety of different activities and are 

therefore confronted with many unpredictable circumstances like finding food and suitable 

spawning grounds, or the sudden appearance of a predator, learning to face these situations 

play a major role in an everyday fish’s life (Dill 1983, Kieffer and Colgan 1992, Brown and 

Laland 2003).  

In contrast, fish are as well able to learn through social interactions and can use hereby 

the information given by others (Brown and Laland 2003). This social learning enables a far 

more rapid exchange of information between individuals than if only the direct experience 
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would be required to learn (Brown and Laland 2011). In the common social-learning literature, 

the individuals, which receive and use social transmitted information, are often called 

“observers”, while the actual cue was released due to a direct experience of a “demonstrator” 

(Brown and Laland 2003, Clark 2013). The socially transmitted information given by 

demonstrators may often be a simple by-product or just a signal towards the observers, but 

when these observers make a use of the socially provided information and adjust their own 

behavior, then we can speak of “social learning” (Kieffer and Colgan 1992, Heyes 1994, Brown 

and Laland 2003, Brown and Laland 2011, Clark 2013). 

In the past, social learning effects in fish were reported in a great variety of different 

contexts like foraging, mate choice, orientation and migration, eavesdropping or antipredator 

behavior (Brown and Laland 2003). For an example, Arai et al. (2007) reported that juveniles 

of the Japanese flounder (Paralichthys olivaceus) evolved suitable antipredator mechanisms 

by just watching conspecifics being chased by a predator. Hereby predator-exposed juveniles 

were found to exhibit different feeding strategies compared to naïve flounders, like swimming 

closer to the bottom to avoid getting preyed (Arai et al. 2007). Besides this, Brown and Laland 

(2002) found an enhanced avoidance behavior in naïve groups of guppies (Poecilia reticulate) 

in the presence of trained conspecifics, while trying to escape from a trawl net apparatus, 

which reflected a predation. Increased flight responses of European minnows (Phoxinus 

phoxinus) towards a pike (Esox lucius) model after watching the flight responses of their 

conspecifics in a neighboring tank were reported by Magurran and Highman (1988). Further, 

Suboski and Templeton (1989) as well as Brown and Laland (2001) stated, that social learning 

of hatchery reared fishes could improve the survival after post release. Hereby social learning 

can potentially provide knowledge to acquire locally adaptive behaviors of conspecifics in a 

fast and very effective way and increase hereby the survival in the wild (Brown and Laland 

2001).  

What all of these things have in common is, that social learning from more 

knowledgeable individuals has big advantages for an example when it comes to risk 

avoidances (Brown and Laland 2011). Especially predator avoidance behavior can be a very 

energetic costly activity, when the energy and time could be better used on mating and 

foraging instead of hiding and being on low risk to get attacked (Ryer and Olla 1998). While 

learning about predators leaves little to no room for errors, learning how others evade threats 

can be very effective (Brown and Laland 2003). This increases the chance of dealing with a 
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similar situation just as adequately in the future without ever experiencing the actual risk by 

the individual itself (Mathis et al. 1996). 

Recreational fishing, as a global outdoor activity and a substantial influence on fish 

stocks (Cooke and Cowx 2004), represents hereby a novel threat, in which learning to evade 

the pursuit of anglers increases the likelihood to survive (Meekan et al. 2018). Within 

recreational fishing, the practice of catch-and-release (C&R) became a very popular and 

common method in the recent years (Arlinghaus et al. 2007) and means nothing more than to 

return a fish alive after capture. This can occur mandatory by harvest regulations (e.g. the fish 

has not reached the minimum size limit or is out of season) or voluntary due to personal moral 

or conservation ethics (Policansky 2002, Arlinghaus et al. 2007). The practice of C&R can be 

found globally and in a great variety of different species like Atlantic white marlin (Tetrapturus 

albidus) (Cramer 2004), largemouth bass (Micropterus salmoides) (Myers et al. 2008), 

muskellunge (Esox masquinongy), walleye (Sander vitreus) (Sass and Shaw 2020), northern 

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

common carp (Cyprinius carpio) (Arlinghaus 2007), and is mostly carried out by highly 

specialized anglers (Arlinghaus et al. 2007). The motives of C&R are often the same and target 

on high survival rates, negligible fitness consequences and a sustainable fishing resource 

(Cooke and Schramm 2007). While the hooking mortality of fish can be pretty low, depending 

on species, water temperature and used bait type (Hühn and Arlinghaus 2011), C&R can result 

in various different sub-lethal effects like short-term physiological changes (Cooke et al. 2013, 

Rapp et al. 2012), altered foraging behavior (Siepker et al. 2006, Stålhammar et al. 2012), using 

safer habitats (Klefoth et al. 2008) or a reduced activity in combination with lower growth 

rates (Klefoth et al. 2011). Moreover, experiments showed that even the duration of air-

exposure within a C&R events can result in impaired behaviors (Schreer et al. 2005, Arlinghaus 

et al. 2009) or increases the chance of getting attacked by a predator post release (Cooke and 

Philipp 2004). In total, all of these post-release effects indicate that the direct experience of 

being hooked is perceived as an unpleasant cue from a fish's point of view and learning how 

to avoid future hook encounters appears highly beneficial. 

While many studies focused just on short-term sub-lethal effects, several angling 

experiments showed that the direct experience of being captured and released could further 

result into a privately learned hook avoidance behavior. This behavior pattern was shown for 

multiple species like northern pike (Beukema 1970a, Kuparinen et al. 2010, Arlinghaus et al. 
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2017a), 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), largemouth bass 

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

2016, Wegener et al. 2018, Louison et al. 2019) and as well common carp (Beukema 1970b, 

Raat 1985, Klefoth et al. 2013, Lovén Wallerius et al. 2020). Hook avoidance behavior, caused 

by private learning, leads to a reduced catchability of the target species and can induce 

decreasing catch rates during a single growing season (Beukema 1970a, b, Hackney and 

Linkous 1978, van Poorten and Post 2005, Klefoth et al. 2013, Monk and Arlinghaus 2017, 

Lovén Wallerius et al. 2020). Especially in C&R based fisheries, where fish densities usually 

stay the same to maintain high fishing qualities, changes in fish behavior can cause lower 

vulnerability to angling (Askey et al. 2006, Sass and Shaw 2020) and in the end negatively affect 

angler satisfaction (Arlinghaus et al. 2014, Beardmore et al. 2015) or catch-based stock 

assessments (Alós et al. 2019).  

As fish are able to learn from a private negative stimulus, like a hooking event 

(Beukema 1970b, Raat 1985, Klefoth et al. 2013, Lovén Wallerius et al. 2019, 2020), the 

functionality behind social learning of hook avoidance behavior remained widely unclear. Von 

Frisch (1938) discovered that the release of chemical substances induced by tissue damages 

of Eurasian minnows (Phoxinus phoxinus) triggered alarm responses of the receivers and were 

used to enhance predator avoidance learning (Göz 1941). With advancing technologies, it was 

possible to isolate the alarm substances from the fish skin and to prove, that these emitted 

substances alone were responsible to cause social learning in fish (Magurran 1989, Suboski et 

al. 1990). In contrast to chemical induced responses of fish, direct observations of a 

conspecific dealing with a threat can facilitate social learning in the observer and may happen 

as well indirectly via interactions with an experienced conspecific (Arai et al. 2007). The social 

learning abilities of fish, independent on the mechanisms, can enhance a rapid spread of 

information between the individuals and increases the development of effective strategies to 

avoid threats without direct learning experiences (Aplin et al. 2015, Louison et al. 2019) like 

the risk of being captured via recreational angling. Especially the C&R angling represents 

hereby a novel predator-prey interaction, where being caught by anglers (in this case the 

predator) seldom ends up in mortality (Hühn and Arlinghaus 2011). Hereby, learned 

information can be spread by the released fish as demonstrators to the whole population of 

a recreational fished ecosystem (Sass and Shaw 2020). In contrast, fish removals in marine 
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environments have shown to prevent individual behavioral adaptations to modern fishing 

gear due to the lack of demonstrators and the possibility to spread social information, 

indicated by the high success of the same fishing methods over the last millennia (Meekan et 

al. 2018). 

A common approach to detect hook avoidance behavior in fish is by analyzing declining 

catch rates over time of a known population while keeping the fishing effort on the same level 

(e.g. Beukema 1970a, b, Raat 1985, Klefoth et al. 2013, Hessenauer et al. 2016, Wegener et 

al. 2018, Louison et al. 2019, Lovén Wallerius et al. 2019, 2020). The social learning component 

of hook avoidance behavior comes into play, when as well the catch rate of non-hooked 

individuals decline (Beukema 1970b; Raat 1985, Klefoth et al. 2013, Hessenauer et al. 2016, 

Lovén Wallerius et al. 2020). Beukema (1970b), who conducted a pond experiment with carp, 

reported after initial high catch rates on the first day of fishing, a significant decline in catches 

on the following 14-15 fishing days. While all the fish in the ponds were marked and not all 

individuals have been caught (nearly 20%) during the experiments (Beukema et al. 1970b), it 

is suggestive that social learning occurred in those fish, otherwise the catchability of non-

hooked fish would not have declined as well. However, due to the experimental design of 

Beukema (1970b) and the high rate of lost fish during fishing, it was not possible to fully 

control that non-hooked fish might have had a hooking experience as well and developed a 

hook avoidance behavior. Moreover, Beukema (1970b) found evidence of a reduced 

catchability in carp still a year after the first hooking experience. Similar findings for common 

carp were found as well by Raat (1985), who reported decreasing vulnerability to angling after 

one experience with a fishing hook and carp with a higher vulnerability to angling showing 

higher growth rates, compared to conspecifics with a more developed hook avoidance 

behavior (Raat 1985). However, the long-term hook avoidance behavior (one year) mentioned 

by Beukema (1970b) could not be found in the experiment conducted by Raat (1985). 

Common problems of these studies were big group sizes as well as large-scaled study 

environments (e.g. ponds), which prevented full control about the cues each fish received and 

it remained unclear how the process of social learning of hook avoidance in fish occured or 

how long it will be remembered. 

In the recent years only a few studies examined the relationships between social 

learning, C&R and the development of a distinct hook avoidance behavior and could only be 

proven in some experiments and species (Wegener et al. 2018, Louison et al. 2019, Lovèn 
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Wallerius et al. 2019, 2020). Despite the fact of declining catch rates in a population of 

largemouth bass, newly introduced and naïve bass showed no reduced catchability in the 

presence of more experienced conspecifics, which indicated vice versa that social learning of 

lure avoidance has not taken place in that case (Louison et al. 2019). A study by Wegener et 

al. (2018) showed similar results for largemouth bass, in which it was reported that although 

the catch rate decreased with sustaining fishing pressure, the catchability of those that had 

never been hooked before remained constant. Furthermore, a catch and release study on 

rainbow trout, which were equipped with heart rate loggers, showed that a C&R event could 

not only increase the heart rate of the hooked but also of the observing individual as a 

physiological stress response. While the private experience of hooking was physiologically 

stronger and could explain most of the reduced angling vulnerability, no evidence was found 

that the received stress of the social experience lead to a socially learned hook avoidance 

behavior (Lovén Wallerius et al. 2019). In contrast, Klefoth et al. (2013) reported that a group 

of carp could very quickly adapt to fishing pressure and learned how to avoid future hooking 

events. Due to the fact that only a fraction of the study fish were caught and the catchability 

decreased within a few angling sessions, it was suggested that some kind of social learning 

processes caused those effects (Klefoth et al. 2013). Considering these diverse results, 

generally valid statements about social learning in the context of hook avoidance behavior are 

difficult to make. Although all these findings might be species dependent or due to 

methodological issues of the study designs, it is still very likely that some kind of social learning 

has taken place in those studies.  

By the fact that many things about the development and the characteristics of hook 

avoidance behavior is unclear, Lovén Wallerius et al. (2020) conducted a fully controlled 

laboratory angling experiment with individual retests of common carp. The study design made 

it not only possible to examine privately learned hook avoidance behavior and to follow which 

cues each fish received, but also if and to what extent social learning could induce hook 

avoidance. The results showed that fish, which received a private experience in form of a 

hooking event expressed a significantly elevated hook avoidance behavior compared to naïve 

control fish. In addition, carp that received a social experience by observing a conspecific in 

the same aquarium getting hooked, were as well less vulnerable to angling 2 hours after the 

initial angling experience. Further vulnerability assessments showed that the hook avoidance 

behavior was maintained for at least 5 to 7 days in fish with a direct hooking experience, 
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whereas the lower vulnerability towards a sham rig (i.e. hook without a tip and baited up with 

corn) was not detectable anymore in carp with a social experience, but was at least still higher 

than control fish. Moreover, in a subsequent experiment days after the angling experience 

both angling exposed treatments showed a more cautious behavior towards available corn in 

the presence of a sham rig, which in combination indicated that the sham rig was still 

associated with a threat. Those findings revealed that a direct angling experience changed the 

behavior of carp at least for some days and that also social cues fostered behavioral 

adjustments by just observing a conspecific dealing with a threat (Lovén Wallerius et al. 2020).  

The origin of the common carp (Cyprinus carpio) in the European waterbodies goes 

back to the middle of the 13th century, where these fish were dominantly used in extensive 

ponds often in combinations with monasteries and became an important commercially 

industry (Cole 1905). Nowadays, the carp developed, especially in Europe, to a very important 

trophy fish species within recreational fishing and is targeted to a large extent by highly 

specialized anglers, while often practicing exclusively catch-and-release on this species 

(Arlinghaus 2007).  As already mentioned above, studies revealed that already a single capture 

event can provoke a distinct hook avoidance behavior in this species (Beukema 1970b, Raat 

1985, Klefoth et al. 2013, Lovén Wallerius et al. 2020) and is therefore more difficult to catch, 

which vice versa could explain the high popularity of the carp throughout Europe and makes 

it attractive for many recreational anglers (Arlinghaus 2007). Nevertheless, many things about 

the direct hook avoidance behavior, the indirect social learning, the memory of the experience 

and the triggers behind these behaviors remain largely unexplored and need further 

investigation. 

 The study objective was to improve the knowledge about the long-term hook 

avoidance behavior in common carp 7 and 14 months after a single hooking event and 

followed the design based on Lovén Wallerius et al. (2020), which covered short and medium 

term vulnerability assessments on the same study fishes. To test these learning abilities more 

precisely, 76 one year old common carp, with different levels of hooking experiences, were 

individually recorded in a laboratory environment and exposed to several feeding and angling 

experiments. In the perspective of the before mentioned it was hypothesized that:  
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1) Carp with a direct hooking experience (i.e. private learning) exhibit a lower 

catchability compared to naïve control fish even 7 and 14 months after the initial hooking 

event, whereby this effect is reduced over time due to memory loss.  

 

2) Carp with an indirect hooking experience (i.e. social learning), induced by watching 

a conspecific getting hooked, exhibit a lower catchability compared to naïve controls 7 and 14 

months after the angling event, but remain more catchable than fish with a direct hooking 

experience. Due the loss of memory, this effect will be reduced from 7 to 14 months. 

 

3) Carp with a direct hooking experience (i.e. private learning) are more cautious 

towards available corn in the presence of a sham rig compared to carp with an indirect hooking 

experience (i.e. social learning), while both treatment groups are more cautious than the naïve 

control fish. Due the loss of memory, this effect will be reduced from 7 to 14 months. 
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Methods 
 

Overview 

The study aimed to investigate the existence of a privately learned hook avoidance behavior 

in common carp as a response to a previous experience with a fishing hook. The experimental 

design made it also possible to test if social cues, transmitted during a single hooking 

experience, caused a distinct hook avoidance behavior in the observing and non-hooked 

conspecifics. The focus was hereby to observe the retention of the hook avoidance behavior 

in the long-term (7 and 14 months after the initial hooking experience) of both angling 

exposed treatments. For this purpose, common carp were used, which already faced a private 

or social angling exposure and showed hook avoidance behavior in the short-term (2h & 5-7 

days) in the previously conducted experiments by Lovén Wallerius et al. (2020). This study 

reused the already existing study fish and treatments from the angling experiments done by 

Lovén Wallerius et al. (2020), which were divided into four treatment groups based on their 

different hooking experiences as followed: 

 

1) Private and social hooking experience: two fish were kept in the same aquarium and were 

exposed to an angling rig baited up with corn. As the two fish had no angling experience 

before, the assignment to the private or social treatment was based on the first fish, which 

was captured. Accordingly, the hooked fish was assigned to the private treatment (called 

“Private”), as this fish received a direct hooking experience (demonstrator), while the 

observing carp (observer) became a social fish (called “Social”) with an indirect hooking 

experience.  

 

2) Control single (Control S): kept as single individuals in an aquarium and were just exposed 

to a corn baited up sham rig (rig without a sharp hook tip; Figure 1) during the initial angling 

experiment and served as a control group. 

 

3) Control paired (Control P): two carp were kept in one aquarium, while a corn baited up sham 

rig was presented during the initial angling experiment. This group acted as an additional 

control group, in order to rule out possible effects in later individual tests whether it makes a 

difference to be alone or paired in an aquarium during a fishing event. 
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By using the same study fishes and treatments it was possible to investigate potential changes 

in the hook avoidance behavior of common carp with a private or social hooking experience 

and how those behaviors may have changed over time. Individual retests were conducted 7 

and 14 months (Figure 2) after the hooking experience, which were based on an adapted 

protocol from Lovén Wallerius et al. (2020). These individual retests consisted out of three 

different experiments and were carried out on three consecutive days (Figure 2). While on the 

first day the carp were introduced into the aquaria to acclimatize to the new environment for 

24 hours, a feeding experiment was conducted on the second day. On day three first the 

behavior towards a sham rig (Figure 1) was recorded as well as 2 hours later the latency to 

ingest freebait (1 corn and 1 pellet) in the presence and absence of a sham rig was measured 

(Figure 2). All carp were observed in the mentioned experiments individually and in a single 

aquarium. The study fishes, the holding conditions, the experimental setup as well as the 

actual experiments are explained detailed in the following. 

 

 

 

Figure 1 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 method is to 
present the bait underneath the hook, which allows the hook to find hold in the front part of 
the fish’s mouth and causes therefore negligible injuries (Rapp et al. 2008). The two split shots 
were used as weights and corn as bait. 



13 
 

 

Figure 2 Overview and timeline of the experimental procedures and sequences to test the 
hook avoidance 7 and 14 months after a hooking experience. The hooks without a tip indicate 
the use of a non-threatening sham rig. 

 

Study fish and holding conditions 

 

Between the experiments of Lovén Wallerius et al. (2020) and the present study, the common 

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

similar to the hatchery environment where the study fish were originally born and raised. Due 

to natural death between the consecutive experiments, it was just possible to use 76 from 

originally 120 common carp in this study (Private: N = 20; Social: N = 22; Control S: N = 16; 

Control P: N = 18). After carefully netting the fish out of the earthen pond, the fish were 

equally distributed into three out of four, oxygen aerated, recirculating holding tanks (1 m × 1 

m × 0.7 m; L × W × D) filled with tap water. These tanks were located in a climate-controlled 

room, which guaranteed a constant water temperature of 17 ± 0.5 °C (Figure 3). The fish were 

fed every second day with conventional fish pellets (diameter: 2 mm x 2 mm, Aller Aqua, 

Golßen, Germany), except the day before the actual experiment to keep the fish fasting. The 

carp were allowed to acclimatize for four weeks before the first experiment round (7 months) 
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started. After that, the fish were kept for another 7 months in the recirculating holdings tanks 

and fed like mentioned above, before continuing with the second retest (14 months). After 

each run of the experiments, the weight (Sartorius, Sartorius AG, Göttingen, Germany; 

measurement accuracy ± 0.1 g) and total length (TL to 0.1 cm) of each fish (7 months: Weight, 

mean ± SD = 74.7 ± 27.3 g; TL, mean ± SD = 16.8 ± 2 cm; 14 months: Weight, mean ± SD = 158.8 

± 58.8 g; TL, mean ± SD = 21.6 ± 2.6 cm) was measured. Based on the individual passive 

integrated transponders (11 mm PIT-tag; Oregon RFID, Portland OR, USA), which were 

implanted before the initial angling experiment into the body cavity of each carp by Lovén 

Wallerius et al. (2020), the size and weight measurements could be assigned to the respective 

fish. For more information about the implantation of the PIT tags, see Lovén Wallerius et al. 

(2020).  

 

Experimental setup 

 

The individual observations of the carp were carried out in three recirculating systems, located 

in the same climate-controlled room like the holding tanks with the study fish (Figure 3). Each 

recirculating system consisted out of eight aquaria (45 liters; 50 cm × 30 cm × 30 cm, L × W × 

H) with an own filter system (Figure 3). Every aquarium was equipped with a big stone, a 

plastic plant and an air stone to ensure cover and oxygen for the fish. 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 during the experiments. If no experiments were 

carried out, every second plate was removed to allow visual contact between two neighboring 

aquaria. Furthermore, all fronts of the aquaria were individually covered with a black foil to 

minimize disturbances, while being in the climate-controlled room.  

As it was just possible to observe 20 individuals at once, in total four experiment 

rounds were needed in each period (7 and 14 months) to record the behavior of all 76 fish. In 

the beginning of every experiment round 20 fish (last round 16 fish) were randomly netted 

out of the three holding tanks and further randomly distributed into the 24 available aquaria 

within the three recirculating systems (Figure 3). During this procedure, each PIT tag (ID 

number) was identified using a PIT tag reader (AEG, ARE H5) and noted on a white tape 

attached to the front of each aquarium. After this introduction, the fish had 24 hours/one day 

to acclimatize to the new environment before the actual experiments started on the next day 
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(Figure 2). Ten minutes before each experiment, the fresh water inflow was stopped by closing 

every tap of each aquaria to avoid chemical communication between the aquaria and the 

covering black foils were removed. Then the behavior of the carp was recorded for either 600 

or 900 seconds (Figure 2), depending on the particular experiment, using webcams (Logitech 

C920). Always four fish were recorded simultaneously. After every experiment, the taps were 

reopened to allow freshwater recirculation, the fronts were covered again with black foil and 

the Styrofoam dividers were set back in place as mentioned above. At the end of day three, 

after finishing one experiment round, all fish were netted carefully out of the aquaria and 

placed into an empty holding tank to avoid further netting events (Figure 3). This procedure 

was repeated as well 14 months after the initial angling experiment. 

 

 

Figure 3 Example of the distribution of 20 study fish from the holding tanks into the aquaria 
within the three recirculating systems located in the cooling chamber. The solid line indicates 
the netting and distribution out of the holding tanks into the aquaria at the beginning of the 
experiment. The dashed line indicates the return of the study fish at the end of the experiment 
into an empty holding tank to avoid multiple netting events in the next experiment round. 
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Feeding 

 

A feeding experiment was conducted on the second day (Figure 2) to evaluate potential food 

preferences of the study fish between conventional sweet corn kernels and fish pellets 

(diameter: 2 mm x 2 mm, Aller Aqua, Golßen, Germany). Each carp was presented with three 

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

aquarium. Following this procedure, the behavior was recorded for 600 seconds. The behavior 

of the carp was measured with the variables, time to recognize the food items, time to pick 

up first corn and pellet, total number of corn and pellet eaten (later calculated as proportion 

of eaten corn and pellet) and which food item was picked up first. In the case no food item 

was ingested, the food preference was assigned with “No Food” and the individual got 600 

seconds without an event. This experiment followed a related method of a previous study to 

investigate food preferences in carp (Klefoth et al. 2013). 

 

Sham rig 

 

On day three (Figure 2), the hook avoidance behavior was measured by introducing a corn 

baited up sham rig (Figure 1) into the aquarium for 600 seconds without any other food items. 

A sham rig is a modern carp fishing rig (as well called hair rig; Rapp et al. 2008) where the tip 

of the hook was removed to avoid additional hooking experiences (Figure 1). The sham rig was 

built out of a 15 cm braided section (breaking strength 10 kg) and two split shots (1 & 1.8 g) 

as weights, which were attached 5 cm behind the hook (Gamakatsu, microbarbed, size 14) 

(Figure 1). The braided section was tied to a 1.5 m monofilament nylon line (diameter: 

0,25mm; breaking strength 3.85 kg) to ease removing the sham rig out of the tank after each 

experiment. During the sham rig experiment, the time to recognize the sham rig, time to 

approach the sham rig (being in close proximity to the sham rig without taking it up) and time 

until the first uptake of the sham rig was recorded. In the case of multiple approaches or 

uptakes, each event was noted during the 600 seconds and later added up to number of 

approaches and uptakes.  
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Freebait 

 

To test if fish with a direct hooking experience are more cautious towards available freebait 

(1 corn and 1 pellet) in the presence of a corn baited sham rig (Figure 1), 2 hours after the 

sham rig experiment on day three (Figure 2), a vulnerability assessment was conducted. For 

this purpose, each carp was observed for 450 seconds with and 450 seconds without the 

presence of a sham rig together with freebait (Figure 2). The order of whether the carp were 

exposed to the sham rig in the first or second observation period (450 seconds each) was 

randomized (Figure 2) and the fish were grouped into either FirstWithSham or FirstNoSham. 

Carp from the order FirstWithSham were exposed in the first 450 seconds to freebait and the 

sham rig, while fish from the order FirstNoSham got just freebait, and vice versa in the second 

observation period. In each period, the time to recognize the freebait as well as the time to 

pick up the corn for the first time was measured. 

 

Behavioral status 

 

Each fish was assigned to a behavioral status depending on its individual behavior. This was 

done, because the study fish might show different stress responsiveness (Vindas et al. 2017) 

and thus might respond differently to the holding conditions in the tank, which can later on 

bias the observations as the fish are less vulnerable to angling or not ready to eat (Koeck et al. 

2019). The common literature distinguishes between two phenotypes, either reactive (i.e. 

higher stress responsiveness, less active) or proactive individuals (i.e. more stress resistant, 

more active) (Vandis et al. 2017, Geffroy et al. 2020), while the latter are more vulnerable to 

angling (Koeck et al. 2019). Based on the before mentioned, the behavior of each carp was 

observed and scored into three different statuses, which resulted out of the dominant 

behavior during each observation. A carp that stayed during the observation mostly in the 

same position and had little to no movement was assigned to the behavioral status freezing. 

Fishes, which were very fast moving and rapidly changing the sites of the aquarium were called 

hyperactive, while fish with a moderate movement throughout the whole tank were assigned 

to the behavioral status calm. 
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Analysis 

 

At the beginning of the analysis, all treatments were examined for possible differences in the 

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

revealed a similar size and weight among the treatments in both periods (7 months: weight 

F(3, 72) = 1.139, p = 0.339, length F(3, 72) = 1.303 p = 0.28; 14 months: weight F(3, 72) = 1.514, 

p = 0.218, length F(3, 72) = 1.999, p = 0.122). Furthermore, each tested behavioral variable 

was tested for homogeneity of variances (p > 0.05) using Levene-tests.  

Food preferences (first ingested food item: Corn vs. Pellet vs. No Food) of the different 

treatments were compared by using Pearson’s chi-squared tests. Differences in the proportion 

of corn or pellet eaten between the treatments were calculated with generalized linear 

models (GLM, binomial distribution; using the “glm” function in R) with binomial proportion 

distributions. The proportion of eaten corn/pellet was used as the response variable and the 

treatment, the length of the fish as well as the behavioral status as further explanatory factors. 

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

were used to test for differences between the treatments and the behavioral variables (Time-

to-event occurrences; e.g. time to eat first corn or first uptake of the sham rig). Moreover, to 

investigate if the behavior could be explained by the length or behavioral status of the carp, 

those two factors were included as time-independent covariates into the Cox proportional 

hazard regressions. As these regression models always account for only one event per 

individual, each event (e.g. time to first uptake of the sham rig) was scored as a binary variable 

(1 = capture, 0 = uncaptured). Applying the mentioned Cox proportional hazard regressions, 

the behavioral variables [Time to recognize food items], [Time to pick up first corn] and [Time 

to pick up first pellet] of the feeding experiment, as well as the variables of the sham rig 

experiment [Time to recognize sham rig], [Time to approach sham rig] and [Time to first 

uptake sham rig] were compared between the treatments. For multiple events (more than 

one approach or uptake of the sham rig), a frailty term for repeated measurements was added 

to the Cox proportional regression models (using “frailtypack” packing in R) to account for 

recaptured fish during the sham rig experiment. The number of approaches and uptakes of 

the sham rig were examined with using generalized linear models together by using a quasi-

Poisson error distribution with a log link function as the data showed in all cases over-

dispersion in the analyses and this was found to be the best fit to the data.  
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The response variable [Time to pick up corn] in the presence or absence of a sham rig, 

measured during the freebait experiment, was analyzed with the same Cox proportional 

hazard regression as mentioned above. Additionally, the order (FirstWithSham or 

FirstNoSham) and the presence of the sham rig (present or absent) as interactions with the 

treatment was included into the models. As no significant interactions were found between 

the order and the treatments, probably due to the randomization of the order, as well as the 

AIC (Akaika Information Criterion) was found to be higher in all tested models, thus the order 

was excluded in the models. Thereafter only the presence of the sham rig (present or absent) 

was included as an interaction with the treatments. This made it possible to investigate, if the 

time to pick up the corn was influenced by the treatment and if this effect was increased or 

reduced with the presence of a sham rig. 

Due to the fact that I had two control groups in the study design, all generalized linear 

models as well as all Cox proportional hazard regressions were calculated with the treatments 

Private and Social as reference levels. All statistical analyses were done with the software R 

version 4.0.0 (R Core Team 2020). 
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Results 
 

Feeding 

 

The different treatment groups showed no significant food preferences (corn vs. pellet vs. no 

food) neither 7 (chi-squared test: X² = 2.49, df = 6, p-value = 0.87) nor 14 months (chi-squared 

test: X² = 1.84, df = 6, p-value = 0.93) after the initial private or social hooking experience. In 

addition, no differences in the proportion of corn or pellet eaten were revealed by generalized 

linear models in any of the study periods and treatments (Figure 4, Table 1). But, the results 

showed that hyperactive as well as freezing fish consumed always significant less corn and 

pellet than carp with a calm behavioral status (Table 1). 

Carp with a private hooking experience showed a by 52% reduced probability to pick 

up the first corn compared to fish from the single control group after 14 months (Figure 6, 

Table 2). By contrast, no such effects became apparent when comparing the other treatment 

groups after 7 or 14 months independent of the reference group that was chosen (Figure 5, 

Figure 6, Table 2).  Moreover, larger carp were just significantly faster in picking up the first 

pellet compared to smaller conspecifics in both experimental periods, while picking up the 

first corn was not related to the fish length (Table 2). Finally, hyperactive or freezing fish were 

in all experimental periods significantly slower in recognizing the food items, picking up the 

first corn or pellet in comparison to calm carp, except in the time to recognize the food items 

after 14 months where calm and hyperactive fish showed no difference (Table 2). 
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Table 1 Results of the generalized linear model analyzing the binomial proportion of corn and 

pellet eaten between the treatments 7 and 14 months after the hooking experience. In either 

periods, both treatments (private and social) were used each as reference. Since the variables 

length and behavioral status were independent of the change in references (either private or 

social), these values were only noted once for each period. Asterisks indicate significant 

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

Reference Factor Corn Pellet 

 Estimate SE 
Z-

value 
p- 

value 
Estimate SE 

Z-
value 

p- 
value 

7 months 
Private Intercept -0.99 2.91 -0.34 0.73 -0.65 2.98 -0.22 0.83 
 Social 0.69 0.91 0.76 0.45 -0.63 0.90 -0.71 0.48 
 Control S -0.16 1.00 -0.16 0.87 -0.17 1.10 -0.16 0.87 
 Control P 0.79 1.00 0.79 0.43 -0.02 0.98 -0.02 0.98 
Social Intercept -0.30 3.12 -0.10 0.92 -1.28 3.17 -0.40 0.69 
 Private -0.70 0.91 -0.76 0.45 0.63 0.90 0.71 0.48 
 Control S -0.85 1.06 -0.80 0.42 0.46 1.07 0.43 0.67 
 Control P 0.10 1.00 0.10 0.92 0.61 0.96 0.63 0.53 
 Length 0.19 0.18 1.08 0.28 0.20 0.18 1.12 0.26 
Calm Hyperactive -2.55 0.85 -3.01 <0.01** -3.21 0.82 -3.90 <0.001*** 
 Freezing -3.45 0.94 -3.68 <0.001*** -3.14 0.88 -3.58 <0.001*** 

14 months 

Private Intercept -4.30 3.26 -1.32 0.19 0.19 3.03 0.06 0.95 
 Social 0.09 0.95 0.09 0.92 -0.31 0.98 -0.31 0.76 
 Control S 0.59 1.08 0.54 0.59 0.72 1.14 0.63 0.53 
 Control P -0.24 0.92 -0.27 0.79 -0.76 0.94 -0.80 0.42 
Social Intercept -4.21 3.48 -1.21 0.23 -0.11 3.36 -0.03 0.97 
 Private -0.09 0.95 -0.09 0.92 0.31 0.98 0.31 0.76 
 Control S  0.50 1.07 0.47 0.64 1.02 1.09 0.94 0.35 
 Control P -0.33 0.90 -0.37 0.71 -0.45 0.86 -0.53 0.60 
 Length 0.29 0.16 1.84 0.07 0.10 0.15 0.67 0.50 
Calm Hyperactive -2.15 0.76 -2.84 <0.01** -2.85 0.78 -3.67 <0.001*** 
 Freezing -4.83 1.88 -2.57 <0.05** -2.52 1.04 -2.42 <0.05* 
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Figure 4 Boxplots showing the proportion of corn and pellet eaten 7 (A, B) and 14 (C, D) months after the hooking experience by carp. The horizontal 
lines indicate hereby the median, the box dimensions the 50% interquartile range as well as the error bars the 95% confidence interval. Observation 
time was 600 seconds and divided by treatments.   

A) 

B) D) 

C) 
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Table 2 Results of the Cox proportional hazard regression model comparing the different treatment groups regarding the time to recognize the food 
items (s), pick up first corn (s) and the first pellet (s) 7 and 14 months after the hooking experience. In either periods, both treatments (private and 
social) were used each as reference. Since the variables length and behavioral status were independent of the change in references (either private 
or social), these values were only noted once for each period. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Reference Factor 
 

Time to recognize food items (s) 
 

Time to pick up first corn (s) 
 

Time to pick up first pellet 

 coef 
Exp 

(coef) 
Exp 

(-coef) 
SE 

(coef) 
p-value coef 

Exp 
(coef) 

Exp 
(-coef) 

SE 
(coef) 

p-value coef 
Exp 

(coef) 
Exp 

(-coef) 
SE 

(coef) 
p-value 

   7 months 

Private Social 0.46 1.59 0.63 0.37 0.21 0.38 1.46 0.68 0.36 0.29 0.06 1.06 0.94 0.38 0.88 

 Control S 0.18 1.20 0.83 0.35 0.60 -0.05 0.95 1.05 0.37 0.90 0.33 1.39 0.72 0.37 0.38 

 Control P 0.08 1.08 0.93 0.34 0.83 -0.10 0.91 1.10 0.36 0.79 -0.02 0.98 1.02 0.37 0.96 

Social Private -0.46 0.63 1.59 0.37 0.21 -0.38 0.68 1.46 0.36 0.29 -0.06 0.94 1.06 0.38 0.88 

 Control S -0.28 0.76 1.32 0.38 0.46 -0.43 0.65 1.54 0.39 0.27 0.27 1.30 0.77 0.40 0.50 

 Control P -0.39 0.68 1.47 0.36 0.29 -0.48 0.62 1.62 0.37 0.19 -0.08 0.92 1.08 0.39 0.84 

 Length -0.06 0.94 1.06 0.06 0.35 0.05 1.05 0.95 0.06 0.46 0.14 1.16 0.87 0.06 0.02* 

Calm Hyperactive -0.96 0.38 2.62 0.37 <0.01** -1.06 0.35 2.89 0.39 <0.01** -1.54 0.22 4.65 0.45 <0.001*** 

 Freezing -1.35 0.26 3.85 0.43 <0.01** -1.99 0.14 7.30 0.54 <0.001*** -1.89 0.15 6.63 0.54 <0.001*** 

   14 months 

Private Social 0.07 1.07 0.94 0.35 0.85 0.28 1.32 0.76 0.38 0.47 -0.47 0.63 1.60 0.38 0.22 

 Control S -0.37 0.69 1.45 0.37 0.31 0.72 2.06 0.48 0.36 <0.05* 0.02 1.02 0.98 0.36 0.95 

 Control P 0.19 1.21 0.82 0.34 0.57 0.18 1.20 0.83 0.35 0.60 -0.12 0.89 1.13 0.36 0.74 

Social Private -0.07 0.94 1.07 0.35 0.85 -0.28 0.76 1.32 0.38 0.47 0.47 1.60 0.63 0.38 0.22 

 Control S -0.44 0.64 1.55 0.38 0.25 0.45 1.56 0.64 0.37 0.23 0.49 1.63 0.61 0.37 0.18 

 Control P 0.13 1.14 0.88 0.33 0.70 -0.09 0.91 1.10 0.38 0.80 0.35 1.42 0.71 0.37 0.35 

 Length 0.09 1.10 0.91 0.05 >0.05 0.09 1.10 0.91 0.05 0.08 0.12 1.13 0.89 0.06 <0.05* 

Calm Hyperactive -0.16 0.85 1.18 0.32 0.61 -1.22 0.29 3.40 0.40 <0.01** -0.78 0.46 2.19 0.39 <0.05* 

 Freezing -1.21 0.30 3.34 0.55 0.03* -2.30 0.10 9.97 0.74 <0.01** -1.87 0.15 6.51 0.73 0.01* 
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Figure 5 Boxplots showing the time to recognize the food items and to pick up first corn and first pellet 7 months after the hooking experience. 
The horizontal line indicates hereby the median, the box dimensions the 50% interquartile range as well as the error bars the 95% confidence 
interval. Survival curves showing the probability to recognize the food items and to pick up the first corn or first pellet. Observation time was 600 
seconds and divided by treatment. Asterisks above the brace indicate significant differences between two treatments. 
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Figure 6 Boxplots showing the time to recognize the food items and to pick up first corn and first pellet 14 months after the hooking experience. 
The horizontal line indicates hereby the median, the box dimensions the 50% interquartile range as well as the error bars the 95% confidence 
interval. Survival curves showing the probability to recognize the food items and to pick up the first corn or first pellet. Observation time was 600 
seconds and divided by treatment. Asterisks above the brace indicate significant differences between two treatments. 

* 
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Sham rig 

 

After 7 months carp with a private hooking experience approached the sham rig significantly 

more often compared to all other treatments, whereas this behavior could not be found after 

14 months (Figure 7A, Figure 7C, Table 3). No differences in number of sham rig uptakes 

between the treatments were found neither 7 nor 14 months after the angling event (Figure 

7B, Figure 7D, Table 3). Larger carp showed significantly lower numbers of approaches and 

uptakes after seven months, but not after 14 months. When comparing the behavioral 

statuses, calm fish showed a significantly higher number of approaches and uptakes after 7 

months than hyperactive carp, and a significant higher number of uptakes compared to 

freezing fish (Table 3). After 14 months, just a significant difference between calm and 

hyperactive fish in number of uptakes was detected, whereby calm carp had more uptakes 

(Table 3). 

Carp from the private treatment had a by 59% significantly reduced vulnerability to 

pick up the sham rig compared to fish from the paired control group after 7 months (Figure 8, 

Table 4). After 14 months the vulnerability to picking up the sham rig was reduced by 71% for 

private fish and 61% for social fish compared to Control S (Figure 9, Table 4). Moreover, fish 

with a social hooking experience showed a reduced (by 69%) probability to approach the sham 

rig compared to single control fish after 14 months (Figure 9, Table 4). While the size of the 

carp had never a significant influence on the time to recognize, approach or uptake of the 

sham rig, freezing fish were always significantly slower compared to calm fish in the before 

mentioned variables. In regard approaching and picking up the sham, hyperactive carp were 

significantly slower than calm fish in both observation periods (Table 4).  

The results of the Cox proportional hazard regression model using a frailty term for 

repeated measurements showed no differences between the treatment and the rate of 

approaches or uptakes of the sham rig (Table 5). Although larger fish showed a significantly 

lower probability to approach or uptake the sham rig after seven month, this effect was not 

detectable after 14 months anymore (Table 5). Despite this, carp with a freezing or 

hyperactive behavioral status showed in both periods, a decreased vulnerability towards the 

sham rig compared to calm individuals (Table 5). Due to low numbers of multiple approaches 

and uptakes across the treatments, it was not possible to calculate a sufficient Cox 

proportional hazard regression with a frailty term for the 14 months period. 
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Table 3 Generalized linear model (GLM, using a “quasipoisson” distribution) results showing 
the number of approaches and uptakes of the sham rig between the treatment groups 7 and 
14 months after the hooking experience. In either periods, both treatments (private and 
social) were used each as reference. Since the variables length and behavioral status were 
independent of the change in references (either private or social), these values were only 
noted once for each period. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p 
< 0.001***). 

Reference Factor Number Approaches Number Uptakes 

 Estimate SE 
T-

value 
p- 

value 
Estimate SE 

T-
value 

p- 
value 

7 months 
Private Intercept 8.94 1.80 4.98 <0.001*** 6.26 1.39 4.50 <0.001*** 
 Social -1.14 0.48 -2.36 <0.05* 0.01 0.39 0.02 0.99 
 Control S -1.56 0.65 -2.41 <0.05* 0.06 0.43 0.14 0.89 
 Control P -1.08 0.46 -2.32 <0.05* -0.18 0.42 -0.43 0.67 
Social Intercept 7.80 2.01 3.88 <0.001*** 6.27 1.53 4.09 <0.001*** 
 Private 1.14 0.48 2.36 <0.05* -0.01 0.39 -0.02 0.99 
 Control S -0.42 0.73 -0.57 0.57 0.05 0.42 0.13 0.90 
 Control P 0.06 0.58 0.10 0.92 -0.19 0.42 -0.45 0.66 
 Length -0.44 0.12 -3.61 <0.001*** -0.27 0.09 -2.94 <0.01** 
Calm Hyperactive -1.15 0.53 -2.22 <0.05* -1.03 0.46 -2.24 <0.05* 
 Freezing -2.49 1.27 -1.96 >0.05 -2.99 1.35 -2.22 <0.05* 

14 months 

Private Intercept -0.92 1.92 -0.48 0.63 0.75 1.45 0.52 0.60 
 Social -1.14 0.68 -1.69 0.09 -0.98 0.55 -1.78 0.08 
 Control S -0.72 0.62 -1.16 0.25 -0.29 0.45 -0.64 0.52 
 Control P -0.81 0.61 -1.35 0.18 -0.43 0.44 -0.98 0.33 
Social Intercept -2.06 2.18 -0.95 0.35 -0.22 1.65 -0.13 0.89 
 Private 1.14 0.68 1.69 0.09 0.98 0.55 1.78 0.08 
 Control S  0.43 0.76 0.57 0.57 0.69 0.57 1.21 0.23 
 Control P 0.33 0.75 0.44 0.66 0.54 0.56 0.98 0.33 
 Length 0.08 0.09 0.93 0.35 0.04 0.07 0.57 0.57 
Calm Hyperactive -0.54 0.61 -0.89 0.38 -2.20 0.85 -2.58 0.01* 
 Freezing -0.27 0.79 -0.34 0.73 -1.73 1.00 -1.73 0.09 
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Figure 7 Boxplots showing the number of approaches and uptakes of the sham rig 7 (A, B) and 14 (C, D) months after the hooking experience. The 
horizontal line indicates hereby the median, the box dimensions the 50% interquartile range as well as the error bars the 95% confidence interval. 
Observation time was 600 seconds and divided by group level. Asterisks above the brace indicate significant differences between two groups. 

A) 

B) 

C) 

D) 

* 

* 

* 
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Table 4 Results of the Cox proportional hazard regression model comparing the different treatment groups on the time (s) to recognize, approach, 
and to pick up the sham rig 7 and 14 months after the hooking experience. In either periods, both treatments (private and social) were used each 
as reference. Since the variables length and behavioral status were independent of the change in references (either private or social), these values 
were only noted once for each period. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Reference Factor 
 

Time to recognize sham rig (s) 
 

Time to approach sham rig (s) 
 

Time to first uptake sham rig (s) 

 coef 
Exp 

(coef) 
Exp 

(-coef) 
SE 

(coef) 
p-value coef 

Exp 
(coef) 

Exp 
(-coef) 

SE 
(coef) 

p-value coef 
Exp 

(coef) 
Exp 

(-coef) 
SE 

(coef) 
p-value 

   7 months 

Private Social 0.55 1.74 0.58 0.34 0.10 0.08 1.09 0.92 0.35 0.81 0.44 1.55 0.65 0.3 0.23 

 Control S 0.19 1.21 0.83 0.37 0.60 -0.31 0.73 1.37 0.41 0.44 0.22 1.25 0.80 0.43 0.60 

 Control P 0.41 1.50 0.67 0.35 0.24 0.33 1.39 0.72 0.37 0.37 0.89 2.44 0.41 0.39 0.02* 

Social Private -0.55 0.58 1.74 0.34 0.10 -0.08 0.92 1.09 0.35 0.81 -0.44 0.65 1.55 0.36 0.23 

 Control S -0.36 0.70 1.43 0.35 0.30 -0.40 0.67 1.49 0.39 0.31 -0.21 0.81 1.24 0.39 0.59 

 Control P -0.15 0.86 1.16 0.33 0.66 0.24 1.28 0.78 0.35 0.49 0.46 1.58 0.63 0.35 0.19 

 Length 0.03 1.03 0.97 0.06 0.68 -0.04 0.96 1.04 0.06 0.52 <-0.01 1.00 1.00 0.07 0.99 

Calm Hyperactive 0.06 1.06 0.94 0.31 0.85 -1.49 0.22 4.45 0.36 <0.001*** -1.20 0.30 3.32 0.36 <0.001*** 

 Freezing -1.49 0.23 4.44 0.48 <0.01** -3.11 0.04 22.50 0.75 <0.001*** -2.73 0.07 15.30 0.73 <0.001*** 

   14 months 

Private Social -0.13 0.88 1.14 0.37 0.72 -0.60 0.55 1.82 0.42 0.15 0.29 1.34 0.75 0.48 0.54 

 Control S 0.20 1.22 0.82 0.35 0.57 0.58 1.78 0.56 0.40 0.15 1.25 3.48 0.29 0.48 <0.01** 

 Control P -0.30 0.74 1.35 0.34 0.38 -0.44 0.65 1.55 0.41 0.29 0.48 1.62 0.62 0.46 0.30 

Social Private 0.13 1.14 0.88 0.37 0.72 0.60 1.82 0.55 0.42 0.15 -0.29 0.75 1.34 0.48 0.54 

 Control S 0.33 1.39 0.72 0.39 0.40 1.18 3.24 0.31 0.43 <0.01** 0.95 2.59 0.39 0.46 0.04* 

 Control P -0.17 0.84 1.18 0.34 0.62 0.17 1.18 0.85 0.41 0.69 0.19 1.21 0.83 0.44 0.67 

 Length 0.07 1.07 0.93 0.04 0.10 0.07 1.08 0.93 0.05 0.19 <0.01 1.00 1.00 0.06 0.94 

Calm Hyperactive -0.54 0.59 1.71 0.32 0.09 -1.82 0.16 6.17 0.42 <0.001*** -2.53 0.08 12.60 0.62 <0.001*** 

 Freezing -0.83 0.44 2.29 0.42 <0.05* -1.55 0.21 4.73 0.52 <0.01** -2.22 0.11 9.22 0.76 <0.01** 
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Figure 8 Boxplots showing the time to recognize, approach and to take up the sham rig 7 months after the hooking experience. The horizontal line 
indicates hereby the median, the box dimensions the 50% interquartile range as well as the error bars the 95% confidence interval. Survival curves 
showing the probability to recognize, approach and to take up the sham rig. Observation time was 600 seconds and divided by treatment. Asterisks 
above the brace indicate significant differences between two groups. 
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Figure 9 Boxplots showing the time to recognize, approach and to take up the sham rig 14 months after the hooking experience. The horizontal line 
indicates hereby the median, the box dimensions the 50% interquartile range as well as the error bars the 95% confidence interval. Survival curves 
showing the probability to recognize, approach and to take up the sham rig. Observation time was 600 seconds and divided by treatment. Asterisks 
above the brace indicate significant differences between two groups. 
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Table 5 Results of the Cox proportional hazard regression using a frailty term for repeated 
measurements to investigate possible differences between the treatments and the rate of 
multiple investigations or uptakes of the sham rig 7 months after the hooking experience. As 
reference level carp from private and social treatment as well as the calm behavioral status 
were used. Asterisks indicate significant differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Baseline Factor coef Exp(coef) 
Exp 

(-coef) SE (coef) p-value 

 Approaches 

Private Social -0.84 0.43 2.31 0.86 0.33 
 Control S -1.46 0.23 4.31 0.77 0.058 
 Control P -1.71 0.18 5.54 0.97 0.076 
 Length -0.44 0.64 1.55 0.15 <0.01** 
Calm Hyperactive -1.83 0.16 6.2 0.73 <0.05* 
 Freezing -2.78 0.06 16.15 0.91 <0.01** 
       
Social Private 0.38 1.46 0.68 1.12 0.73 
 Control S -0.79 0.45 2.20 0.88 0.37 
 Control P -0.66 0.52 1.94 1.01 0.51 
 Length -0.48 0.62 1.62 0.18 <0.01** 
Calm Hyperactive -1.70 0.18 5.49 0.86 <0.05* 
 Freezing -2.67 0.07 14.44 0.94 <0.01** 

 Uptakes 

Private Social -0.16 0.85 1.17 0.99 0.87 
 Control S -0.53 0.59 1.70 1.27 0.68 
 Control P 0.77 2.15 0.47 0.89 0.39 
 Length 0.04 1.04 0.96 0.10 0.65 
Calm Hyperactive -2.12 0.12 8.34 0.46 <0.001*** 
 Freezing -4.03 0.02 56.42 0.68 <0.001*** 
       
Social Private 0.02 1.02 0.98 0.81 0.98 
 Control S -0.33 0.72 1.39 0.62 0.59 
 Control P 0.88 2.41 0.41 0.57 0.12 
 Length 0.04 1.04 0.96 0.10 0.68 
Calm Hyperactive -2.07 0.13 7.93 0.43 <0.001*** 
 Freezing -4.03 0.02 56.52 0.66 <0.001*** 
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Freebait 

 

In the vulnerability assessment, testing the latency to ingest a corn kernel with or without the 

presence of the sham rig, it was revealed that carp with a private experience had a by 68% 

reduced probability to pick up the corn in comparison to single control fish after 7 months 

(Table 6). In addition, social fish showed a reduced probability to ingest the corn kernel by 

75% compared to fish from Control S in the first experimental period (7 months) (Table 6). 

Although the main effects between the treatments were significantly positive after 7 months, 

this effect was reduced in the presence of the sham rig as the coefficient of the interaction 

“Control S × Sham rig present” was negative and significant in both tested reference 

treatments (Figure 10, Figure 11, Table 6). This meant that the differences between the private 

and social treatment compared to the single control group was less developed in the presence 

of the sham rig after 7 months, but still significant detectable (Figure 10, Figure 11, Table 6).  

After 14 months, fish with a direct hooking experience were in general by 53% less 

likely to ingest the corn compared to the treatment Control S (Table 6). Moreover, fish with 

the social hooking experience showed a reduced probability to pick up the corn by 57% in 

comparison to single control fish (Table 6). The presence or absence of the sham rig had no 

effect after 14 months as the main-effect showed no significant influence as well as all 

interactions with the sham rig were non-significant (Figure 12, Figure 13, Table 6).  

Overall, evidence was found in both periods that fish with a calm behavioral status 

were more likely to ingest corn compared to fish with a freezing or hyperactive behavior 

during the observation and that larger carp ingested free available corn quicker compared to 

smaller ones after 14 months (Table 6).  
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Table 6 Results of the Cox proportional hazard regression models comparing the time to pick up a corn kernel in the presence and absence of a 
sham rig 7 and 14 months after the hooking experience. In either periods, both treatments (private and social) were used each as reference. Asterisks 
indicate significant differences (p < 0.05*; p < 0.01**; p < 0.001***). 

Reference Factor 
 

7 months 
 

14 months 

  coef 
Exp 

(coef) 
Exp 

(-coef) 
SE 

(coef) 
p-value coef 

Exp 
(coef) 

Exp 
(-coef) 

SE 
(coef) 

p-value 

Private Social -0.21 0.81 1.24 0.34 0.53 -0.08 0.93 1.08 0.37 0.83 
 Control S 1.15 3.17 0.32 0.37 <0.01** 0.76 2.13 0.47 0.36 0.04* 
 Control P -0.30 0.74 1.35 0.36 0.41 0.39 1.48 0.68 0.36 0.28 
Sham rig absent Sham rig present -0.08 0.93 1.08 0.34 0.82 -0.54 0.58 1.72 0.37 0.14 
 Length 0.01 1.01 0.99 0.05 0.82 0.17 1.18 0.85 0.04 <0.001*** 
Calm Hyperactive -1.11 0.33 3.03 0.47 0.02* -1.39 0.25 4.02 0.28 <0.001*** 
 Freezing -2.46 0.09 11.76 0.44 <0.001*** -2.39 0.09 10.92 1.01 0.02* 
Social × Sham rig present 0.44 1.55 0.65 0.47 0.35 0.28 1.32 0.76 0.52 0.59 
Control S × Sham rig present -1.06 0.35 2.89 0.51 0.04* -0.47 0.62 1.60 0.54 0.39 
Control P × Sham rig present 0.41 1.51 0.66 0.50 0.41 <0.01 1.00 1.00 0.53 0.99 
            
Social Private 0.21 1.24 0.81 0.34 0.53 0.08 1.08 0.93 0.37 0.83 
 Control S 1.37 3.93 0.25 0.37 <0.001*** 0.83 2.30 0.43 0.37 0.03* 
 Control P -0.09 0.92 1.09 0.37 0.82 0.47 1.60 0.63 0.36 0.19 
Sham rig absent Sham rig present 0.36 1.43 0.70 0.33 0.28 -0.26 0.77 1.30 0.36 0.47 
 Length 0.01 1.01 0.99 0.05 0.82 0.17 1.18 0.85 0.04 <0.001*** 
Calm Hyperactive -1.11 0.33 3.03 0.47 0.02* -1.39 0.25 4.02 0.28 <0.001*** 
 Freezing -2.46 0.09 11.76 0.44 <0.001*** -2.39 0.09 10.92 1.01 0.02* 
Private × Sham rig present -0.44 0.65 1.55 0.47 0.35 -0.28 0.76 1.32 0.52 0.59 
Control S × Sham rig present -1.50 0.22 4.48 0.52 <0.01** -0.75 0.47 2.12 0.54 0.16 
Control P × Sham rig present -0.03 0.97 1.03 0.50 0.96 -0.27 0.76 1.32 0.53 0.60 
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Figure 10 Survival curves showing the probability to take up the available corn kernel in the 
presence or absence of a sham rig divided by treatment after 7 months of the hooking 
experience. Observation time was 450 seconds. 

 

 

Figure 11 Boxplots showing the time to pick up the available corn kernel (s) in the presence or 
absence of the sham rig divided by treatments after 7 months of the hooking experience. The 
horizontal line indicates hereby the median, the box dimensions the 50% interquartile range 
as well as the error bars the 95% confidence interval. Observation time was 450 seconds. 
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Figure 12 Survival curves showing the probability to take up the available corn kernel in the 
presence or absence of a sham rig divided by treatment after 14 months of the hooking 
experience. Observation time was 450 seconds. 

 

 

Figure 13 Boxplots showing the time to pick up the available corn kernel (s) in the presence or 
absence of the sham rig divided by treatments after 14 months of the hooking experience. 
The horizontal line indicates hereby the median, the box dimensions the 50% interquartile 
range as well as the error bars the 95% confidence interval. Observation time was 450 
seconds. 
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Discussion 
 

The present study revealed that a single and direct hooking experience caused a reduced 

vulnerability to angling (i.e. picking up a sham rig) in common carp compared to naïve 

conspecifics, while those effects were measureable in the long-term for 7 and 14 months. Not 

only the private experience (i.e. the direct hooking experience) led to such a learned hook 

avoidance behavior, but also the merely observation of a conspecific being hooked resulted 

in a socially (i.e. indirect hooking experience) learned hook avoidance behavior, which was 

expressed by a reduced probability to pick up a sham rig by the private and social treatments. 

Although those effects were just significant for the social treatment after 14 and not after 7 

months, carp with a private and social hooking experience were more suspicious to pick up a 

corn kernel after 7 months, which was in relationship with the presence of the sham rig. 

According to this, the social hooking experience was also remembered after 7 months and 

caused significant changes in the behavior. Against the expectation, the reduced vulnerability 

towards the sham rig increased and not decreased over the observation periods in both 

angling exposed treatments. Thus, no evidence for memory loss was found. In the view of 

these results, the present study proved the existence of a privately and socially learned hook 

avoidance behavior in common carp with a memory time of at least 14 months. 

The privately learned hook avoidance behavior was the result of a single experience 

with a fishing hook, which was accompanied with a physical hooking injury as well as a 

physiological stress response in the fish. Physiological stress responses caused by angling 

events were reported already in many studies (e.g. Meka and McCormik 2005, Wedemeyer 

and Wydoski 2008, Arlinghaus et al. 2009, Rapp et al. 2012, Cooke et al. 2013, Lovén Wallerius 

et al. 2019) and indicated that the process of being hooked was mostly received as an 

unpleasant experience. Although the recovery time of a catch-and-release event was usually 

short (Arlinghaus et al. 2009, Cooke et al. 2013, Rapp et al. 2012), long-term behavioral 

impairments could not be ruled out (e.g. Beukema 1970a, b, Siepker et al. 2006, Klefoth et al. 

2008, 2011, Stålhammar et al. 2012). Especially experiences and memories relating to 

negative or painful events were known to be remembered for a long time in most vertebrate 

species and were often used for preventive behaviors like avoiding certain locations or objects 

(Gerber et al. 2015). In the present case, fish with a direct experience were still less vulnerable 

to angling after 14 months by avoiding the sham rig. Therefore, it could be assumed that the 
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initial contact with the hook was received by the fish as an intensive and harmful cue with the 

characteristic to leave a strong cognitive legacy to avoid future hooking events.  

In the present case, the revealed hook avoidance behavior was comparable with the 

formation of a distinct antipredator behavior of the carp (Kelley and Magurran 2003), while 

the sham rig acted as a predator in this study. The antipredator behavior in fish was often 

expressed with a more cautious behavior or an increased flight response in the occurrence of 

the predator (Magurran and Highman 1988, Brown and Laland 2003). Contrary to natural 

predator encounters, which often end up in mortality, the confrontation with the fishing hook 

was non-lethal, which vice versa was of fundamental importance to learn. Although not 

directly lethal, the encounter with a fishing hook can be understood as an exhausting exercise 

with an elevated risk being attacked by a predator post release (Cooke and Philipp 2004) and 

can therefore increase the mortality rate indirectly. In this context, the development of hook 

avoidance strategies could hereby reduce the likelihood to experience further hooking events, 

and thus increases the overall survival. Similar strategies were found in the behavioral 

patterns of the study fish, as carp with a direct hooking experience showed across all 

observational periods a reduced vulnerability to ingest the sham rig and were therefore able 

to associate the presented sham rig with a threat or a “predator”.  

For years, there has been disagreement for how long common carp can remember a 

hooking event (Beukema 1970b, Raat 1985). Beukema (1970b) found that carp, which were 

captured once, showed still a lower catchability after one year in comparison to unfished carp. 

In contrast, Raat (1985) found no evidence that carp could remember a hooking event after 

one year, as the decreased vulnerability to angling disappeared after one year. Reasons for 

this discordance in memory are most probably due to methodological issues in the mentioned 

studies, as both were conducted in groups and earthen ponds (Beukema 1970b, Raat 1985). 

Although both studies found a fast decline in catch rates and a lower catchability of the carp 

within the first days of angling, there was no control of how many cues each fish received 

during the angling event or how many encounters with angling gear were needed to foster a 

reduced vulnerability to angling (Beukema 1970b, Raat 1985). Moreover, due to high losses 

during angling it might be possible that some fishes were hooked multiple times, and this 

might have led to a prolongation of the lower vulnerability to angling in the study by Beukema 

(1970b). On the other hand, Raat (1985) used two different carp stocks, while one stock was 

unfished and the other one was fished during an angling experiment a year before. Due to the 
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similar catchability of both carp stocks at the beginning of Raat`s (1985) experiments, the 

author stated the loss of decreased vulnerability of the fished carp stock after one year. Thus, 

this statement was just based under the assumption that a random set of a fished carp were 

catchable again after one year, without ever presenting how much the vulnerability was 

decreased a year before or how many fish were hooked or not (Raat 1985). Although earlier 

studies could not fully control how many cues each fish received during the angling 

experiments and differed in memory retention (Beukema 1970b, Raat 1985), the present 

study proofed that the cue of a single and private hooking experience was enough to reduce 

the catchability of common carp and was remembered for at least 14 months. 

That a single hooking experience was enough to develop a distinct hook avoidance 

behavior, as shown in the present study, was revealed already in several studies. For instance, 

Takahashi and Masuda (2021) recently reported that red sea bream juveniles avoided fishing 

gear successfully after one or two captures, which was measurable up to 2 months afterwards. 

Moreover, also declining catch rates, which occurred already within a few days of angling were 

suggestive for the existence of a privately learned hook avoidance behavior (e.g. Beukema 

1970a, b, Askey et al. 2006, Klefoth et al. 2013, Hessenauer et al. 2016, Arlinghaus et al. 2017a, 

Wegener et al. 2018, Louison et al. 2019). Due to the fact, that the recaptures in those studies 

were usually low, those findings showed evidence that fish were able to learn very quickly 

how to cope with further fishing situations and that the hook avoidance behavior was mostly 

the result of a onetime hooking experience. Present study provided additional support for 

those findings as it was shown that at least common carp are able to learn from a single 

negative angling experience, which reduced the individual catchability. 

Due to the observational limitations in the before mentioned pond or lake studies, and 

that the hook avoidance behavior was commonly based on the catchability and catch rates of 

the whole population without knowing the exact drivers behind the behaviors, the present 

study followed a fully controlled design. This allowed controlling for the exact cues each 

individual received, and made it possible to reduce the hook avoidance down to the direct 

experience with a fishing hook. The occurrence of a distinct hook avoidance behavior was 

already visible in the short-term observations 2 hours and 5-7 days after the initial hooking 

experience conducted by Lovén Wallerius et al. (2020). Hereby, fish with a private hooking 

experience showed a reduced vulnerability to pick up the sham rig by 56.9% after 2 hours and 

by 62.5% after 5-7 days in comparison with the paired control group (Lovén Wallerius et al. 



40 
 

2020). Further evidence for the prolongation of this behavior, by using the same study fishes 

and the same experimental design like Lovén Walleriues et al. (2020) was provided by the 

present study. Carp with a direct hooking experience were by 59% less vulnerable compared 

to paired controls after 7 months, and by 71% less likely to pick up the sham rig compared to 

single control. This indicated that the hook avoidance behavior was present in all 

observational periods and no memory loss of the initial angling experience took place in the 

carp, as no drastic drops in the reduced vulnerability to angling occured.  

Although the differences in the latency to pick up the sham rig changed across the 

control groups (just paired control used as reference in the study by Lovén Walleriues et al. 

2020), it was revealed that the hook avoidance did not decreased over time as expected. It 

was assumed that no further hooking events would increase the catchability again, as 

previously shown in experiments with rainbow trout (Koeck et al. 2020). Koeck et al. (2020) 

found that fishing closures (4-7 days) facilitated the population to stay more catchable, as the 

threat perception was reduced and fostered the individual to return into a vulnerable state to 

angling after a few days. This behavior was explained by the fact that the individuals could 

recover quickly from the acute physiological hooking-related stress (Cooke and Suski 2005, 

Koeck et al. 2020) and were therefore in a better internal state to be captured by angling 

(Camp et al. 2015). Although previous studies showed that also carp were able to recover 

physiologically from an angling event within a few hours (Rapp et al. 2012, 2014), recovery of 

angling related stressors seemed to be not alone responsible for a carp to return to a 

vulnerable state in present study. According to this, it was more likely that species-specific 

differences were responsible for maintaining the hook avoidance behavior, as carp were 

known for their good learning abilities (Coble et al. 1985) as well as the present findings were 

in accordance with the reduced catchability after one year shown by Beukema (1970b). 

The novelty of the present study was that the results showed the first evidence of a 

socially learned hook avoidance behavior in common carp, which was still measureable after 

7 and 14 months. Those findings were in accordance with the short-term hook avoidance 

behavior of the same study fish reported by Lovén Wallerius et al. (2020). The authors 

reported that fish with a social hooking experience showed a significant reduced vulnerability 

towards the sham rig 2 hours after the initial hooking experiment. Such differences in 

vulnerability towards the sham rig were not significantly detectable anymore after 5-7 days, 

but social fish were still less vulnerable compared to the control fish. Although not direct 
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measureable in terms of time taking up the sham rig, social fish showed a reduced probability 

to ingest a corn kernel in the presence of a sham rig, which indicated that the social hooking 

experience was not forgotten after 5-7 days (Lovén Wallerius et al. (2020).  

Similar findings became apparent in the present study as social fish showed just a 

significantly reduced vulnerability towards the sham rig after 14 (by 61%, p = <0.01) but not 

after 7 months, although there was still a lower catchability (by 37%, p = 0.19) compared to 

paired controls. In agreement with Lovén Wallerius et al. (2020), it was found that fish with a 

social hooking experience were more cautious to pick up a corn kernel after 7 months, which 

was in relationship with the presence of the sham rig. Therefore, it was assumed that the 

socially learned hook avoidance behavior was still present at this point, but was just not 

directly measurable in the vulnerability towards the sham rig. Considering the mentioned 

findings of Lovén Wallerius et al. (2020) and the present study, it was concluded that 

individuals from the social treatment were capable to associate the sham rig with a negative 

stimulus (i.e. indirect hooking experience) across all observational periods and remembered 

at least up to 14 months. 

The occurrence of social learning effects in fish were reported already in different 

contexts like foraging, mate choice or antipredator behavior (Magurran and Highman 1988, 

Brown and Laland 2002, 2003, Arai et al. 2007). The general assumption behind social learning 

is that it is more beneficial for an individual to use the provided information by more 

experienced conspecifics without spending own energy into exploration of risks. Especially 

when it comes to predator avoidance, observing a conspecific dealing with a threat enhances 

the chance to react adequate in a similar situation with the potential to increase the own 

survival (Brown and Laland 2003). The consequence of social learning in the threatening 

angling context would mean that an individual could learn to avoid capture without ever being 

hooked. Those effects were found in the present study, which led to the conclusion that social 

learning about a “predator” (i.e. sham rig) took place. 

In the past social learning was often explained with declining catch rates also of non-

hooked fish (e.g. Beukema 1970b; Raat 1985, Klefoth et al. 2013, Hessenauer et al. 2016, 

Wegener et al. 2018, Louison et al. 2019, Lovén Wallerius et al. 2020). Beukema (1970b) 

reported that after initial high catch rates on the first days, the vulnerability to angling 

decreased rapidly and it became as well harder to catch uncaught carp. A reduced catchability 

of the whole population after only a fraction was captured was as well reported for carp by 
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Klefoth et al. (2013) or largemouth bass by Wegener et al. (2018) and Louison et al. (2019). 

Although those effects were indicative that some form of social learning occurred in these 

experiments, it was not possible to control the social transmitted information each fish 

received during a catch-and-release event. For instance, Beukema (1970b) reported high 

losses during angling, which increased the chance that fish were falsely assigned to a social 

experience afterwards although they received a hooking experience once. Moreover, in large 

pond or tank environments the feeding motivation, which is of high importance to be 

vulnerable to angling (Lennox et al. 2017), could not be controlled in those experiments. 

Conclusive I do not want to deny that social learning took place in those studies and fish 

species, as the catch rates declined after only a part of the population was caught. Instead, I 

want to emphasize the importance to control for the social cues during a catch-and-release 

event, which enables to break the social learning process down to the indirect fishing 

experience. 

Although the present study revealed a socially learned hook avoidance behavior in 

common carp, several studies failed to show evidence of such avoidance strategies in other 

fish species (Wegener et al. 2018, Louison et al. 2019, Lovén Wallerius et al. 2019). It is possible 

that the hooking stimulus in the experiments with largemouth bass conducted by Louison et 

al. (2019) was not strong enough to develop a socially learned hook avoidance behavior in 

angling naïve conspecifics. In contrast to the present study, the angling naïve largemouth bass 

(Louison et al. 2019) were just tested together with angling experienced demonstrators but 

without ever observing the demonstrator being hooked. Therefore, just watching an 

experienced fish dealing with a fishing situation without being hooked again might be not 

enough to foster the social learning of angling naïve fish (Louison et al. 2019). On the other 

hand, the social fish used in the present study received the full range of a fishing event, by not 

only observing a conspecific in close proximity ingesting the baited hook but also seeing how 

the fish with the direct experience is struggling with that particular threat. Thus, it is thinkable 

that observing individuals need the whole range of social transmitted cues to evolve a 

relationship between the threat (i.e. the baited hook) and the response behavior of the 

demonstrator, like it was shown in the present study. 

Different learning abilities of a socially acquired hook avoidance behavior may also 

result from differences in foraging strategies and sociability of common carp compared to top 

predators. For an example, the northern pike is known to be a solitary sit-and-wait ambush 
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predator, hiding in vegetation and likes to attack prey with aggressive attacks (Chapman and 

Mackay 1984a, b, Grimm and Klinge 1996). Rainbow trout are characterized by actively 

attacking drifting insects from the surface and to forage on small fish (Nakano et al. 1999), 

similar to largemouth bass as these fish also hunt actively for prey fish (Nyberg 1971, Howick 

and O’Brien 1983, Wanjala et al. 1986). In contrast, common carp are omnivorous bottom 

feeders, which typically feed on small non-mobile organisms like insect larvae, small 

crustacean or molluscs (Cole 1905, McCrimmon 1968) and forage rather slow and quietly. 

Thus, carp can spent more time to select their preferred food items precisely from the lake 

bottom (Cole 1905, Kasumyan and Morsy 1996) in comparison to top predators, which rely on 

fast foraging reactions. As carp are a highly social species and likes to forage in groups 

(Huntingford et al. 2010) coupled with higher learning capabilities compared to other 

piscivorous species like largemouth bass (Coble et al. 1985), carp are by nature better suited 

to spread social information and to develop distinct hook avoidance behaviors. Therefore, it 

might be possible that species-specific differences in foraging ecology or sociability caused the 

low social learning abilities to reduce angling vulnerability in other studies (e.g. Wegener et 

al. 2018, Louison et al. 2019, Lovén Wallerius et al. 2019). Such species-specific differences in 

angling vulnerability between fished and unfished populations were already reported in 

marine fisheries, while hereby the hook avoidance behavior was developed in some fish 

species stronger than in others by having the same angling pressure (Alós et al. 2015).  

Further evidence for the attentive foraging in common carp was found in present 

study, as fish with a direct fishing experience showed a significant higher number of 

approaches towards the sham rig compared to all other treatments after 7 months. In 

contrast, the numbers of actual uptakes of the sham rig were similar to the other treatments. 

This showed that fish from the private treatment investigated the sham rig more frequently 

and were more suspicious towards the sham rig after 7 months, but ingested the sham rig in 

the end equally often as the non-hooked treatments. Those behavioral patterns were 

comparable to the predator inspection behavior known in other fish species (e.g. Pitcher et al. 

1986, Pitcher 1992, Brown and Godin 1999, Brown and Dreier 2002, Brown and Magnavacca 

2003). Fish that dare to approach a predator more often are better suited to assess the 

potential threat, while relying hereby often on visual or olfactory cues (Pitcher et al. 1986, 

Brown and Godin 1999, Brown and Magnavacca 2003).  
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For assessing the encounter with a predator, it is necessary to connect the available 

visual, tactile, olfactory and auditory cues correctly to the confronted predation risk and have 

to be remembered when being in the same risky situation (Hartman and Abrahams 2000, 

Kelley and Magurran 2003, Walling et al. 2004). In the present case, visual cues were probably 

the most decisive as private fish did not pick up the sham rig more often to receive tactile 

cues. Therefore, it is conceivable that the common carp in the present study were able to 

identify the sham rig after 7 months more likely by vision, which was expressed by a higher 

number of approaches of the sham rig compared to the other groups. Moreover, also the 

presence of the sham rig influenced the latency to ingest a non-threatening corn kernel, which 

suggested that fish could recognize the sham rig. Similar behavioral patterns were also 

reported in the laboratory experiments by Klefoth et al. (2013), where the carp were able to 

identify and expel the hook and were therefore less catchable. This effect was reduced in 

situations with low visibility for an example at night, as the fish were more vulnerable to 

angling during darkness (Klefoth et al. 2013). According to this, it was likely that the private 

fish were still able to recognize the sham rig after 7 months, but without a new negative 

stimulus like a hooking experience the inspective behavior faded away and was therefore not 

detectable anymore in terms of an elevated number of approaches after 14 months. 

Surprisingly fish with a social hooking experience exhibited partly a stronger developed 

hook avoidance behavior than private fish in comparison to control fish. As the initial 

assignment to the private or social treatment was not randomized, it might be possible that 

Lovén Wallerius et al. (2020) selected for more bolder fish in the private treatment and more 

shy carp in the social treatment. Lucon-Xiccato and Bisazza (2017) reported recently 

relationships between the degree of boldness and the learning abilities in fish, where shy fish 

showed longer learning retention. Those effects were also visible in experiments with juvenile 

rainbow trout, as shy fish could retain the memory of a predator odor longer than bolder 

conspecifics (Brown et al. 2013). Further characteristics of shy fish are in general a higher 

plastic capacity, a higher stress responsiveness and a lower activity, which is mostly described 

as a reactive phenotype (Vindas et al. 2017, Geffroy et al. 2020). Although a higher plasticity 

is energetically more costly due to coping abilities, memory or learning capacities, reactive 

phenotypes are known to show better performances especially in non-stable environments 

(Dingemanse and Goede 2004, Murren et al. 2015). Due to the fact that shy or reactive fish 

are better learners in comparison to their bolder conspecifics (Ruiz-Gomez et al. 2008, Vindas 



45 
 

et al. 2017, White et al. 2017), the partly stronger developed hook avoidance behavior in the 

social treatment could be the result of the non-randomized treatment assignment from Lovén 

Wallerius et al. (2020) with allocating more reactive phenotypes into the social treatment. 

Based on the fact that these differences were never significant and occurred only in the 

latency to ingest a corn kernel in the presence of the sham rig, this could not be clarified in 

total. 

The total length of the observed carp showed partly significant influences on the 

behavior. Hereby, larger carp needed less time to pick up a pellet (7 and 14 months) and were 

faster to pick up a corn kernel when tested together with the sham rig (14 months). In 

contrast, with increasing body length the number of approaches and uptakes of the sham rig 

decreased after 7 months. All other behavioral variables revealed no size-dependent effects. 

Similarities were also found by Raat (1985), as the author reported that carp with higher 

growths rate were more vulnerable to angling. This was most probably due to the higher food 

demand of bigger fish and increased foraging activities, which vice versa increased the 

encounter rate with fishing gear, as reported recently for rainbow trout (Biro and Post 2008). 

Although foraging was in relationship with the total length in the present study, the size 

showed no correlation to angling vulnerability, expressed by the time to ingest the sham rig. 

Those results were in accordance with recent findings of Monk and Arlinghaus (2017) and 

Klefoth et al. (2017), while both studies could not find any support that body size was related 

to angling vulnerability.  

The feeding experiment conducted in the present study showed no evidence for 

different food preferences (corn or pellet) between the treatments as the chi-square results 

as well as the proportion of eaten food items (corn or pellet) were not significant. These results 

were contrary to the findings from Lovén Wallerius et al. (2020), which were found 7 and 14 

months before. Hereby carp that were later assigned to the private treatment ate significantly 

more corn than social fish before both were exposed to angling (Lovén Wallerius et al. 2020), 

which was suggestive for differences in readiness to eat (Pollux 2007). Regardless of any 

hooking event, also Klefoth et al. (2013) reported that carp independent of the observed 

genotype preferred corn over pellets as a food resource. Although such food preferences were 

not detectable in the present study, this was of decisive advantage for answering the study 

hypotheses as the treatments showed no differences towards a specific food item. This 
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ensured that every treatment likewise perceived corn as a suitable hook bait and it was 

possible to rule out that the hook avoidance behavior was based on the bait. 

Despite the non-existing food preference, fish with a private hooking experience 

needed longer time to pick up the first corn in the feeding experiment in comparison to single 

control fish after 14 months. Fish with a private hooking experience were expected to be 

bolder, as those fish were caught in comparison to the social fish faster in the initial angling 

experiment (Lovén Wallerius et al. 2020) and showed therefore a more dominant behavior in 

a competitive foraging situation (Ward et al. 2006). Also Klefoth et al. (2013) reported that 

bolder carp ingested available food faster than the shyer conspecifics. However, the opposite 

was revealed in the present study as the as bold expected private treatment showed a slower 

corn uptake. Therefore, it might be possible that the slower corn up take was caused by an 

association with the negative hooking stimulus where corn was used as bait. Moreover, a 

difference in the time to pick up the first pellet was not visible in one of the observed periods, 

which did not support the hypothesis of different boldness levels in the carp (i.e. bolder fish 

ingesting a bait faster; Klefoth et al. 2013). Therefore, the reduced willingness to pick up the 

first corn by fish with a private hooking experience after 14 month was most likely a side effect 

of the hook avoidance behavior in that treatment. 

In addition to the previous experiment conducted by Lovén Wallerius et al. (2020) also 

the behavioral status of the fish as an additional confounding factor was evaluated. The aim 

of assigning each fish an individual behavioral status was to control for different stress 

responsiveness (Vindas et al. 2017), caused by the holding conditions in the tank (Brown 2001) 

or the exposure to an angling situation. This made it possible to control for the internal state 

of the fish and further on for the readiness to eat during the observations (Lennox et al. 2017, 

Louison et al. 2017, Koeck et al. 2019). A possible approach to assess stress in fish with a non-

invasive technique (i.e. no blood sample required) is by counting the tail-beats of the fish (Ejike 

and Schreck 1980, Steinhausen et al. 2005) or ventilation rates (Li et al. 2008, Barreto and 

Volpato 2011, Roza e Silva et al. 2020), whereas the usage of the latter method is limited 

(Barreto and Volpato 2004). Unfortunately, it was not possible in the present study to count 

the tail-beats or the ventilation rates in the observations, because the fish were sometimes 

not visible due to hiding behind the plastic plants and the stones or due to the low quality of 

the recordings it was hard to detect the movement of the opercula. Moreover, no reference 

values were available to predict at which ventilation rate or tail-beats a fish was stressed or 
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not. Therefore, the behavioral status of each fish was assigned based on its dominant behavior 

during each observations.  

Studies on adult northern pike showed that observations in a simple open-field arena 

were a rapid method to predict the behavior in the wild (Laskowski et al. 2016). Thus, it was 

seen as a possible option to assign the behavioral status of the carp according to their behavior 

through a simple behavioral categorization. In consideration of the presented results, fish 

assigned to the behavioral status freezing or hyperactive differed nearly in all observations 

compared to fish with a calm behavioral status, while calm fish were always faster in time to 

pick up the presented item. Those findings were conceivable, as freezing or hyperactive fish 

were expected to be not in an internal state to be best vulnerable to angling (Lennox et al. 

2017). Accordingly, those results showed that the assignment to the single behavioral statuses 

were in line with the observed behavior and showed that a behavioral validation according to 

the dominant behavior was possible. 

The two control groups used in this study differed across all observed behavioral 

measurements to each other, as most of the time only one control group showed a significant 

difference to the reference level, whereas the other control group behaved similar to the 

reference. Thus, the divergent responses of the two control groups were in accordance with 

the previous results of Lovén Wallerius et al. (2020) 7 and 14 months before. Based on the 

different holding conditions of the control groups, it seemed that the first aquarium 

experience of being alone or in group had a long-term influence on the behavior of the control 

fish. Control fish that were held single in the aquarium were expected to be more familiarized 

with the stress of being alone in an aquarium, as those fish never experienced a competitive 

foraging situation in an aquarium (Barton 2002). In contrast, paired control fish experienced 

such a competition about food at least once in an aquarium, and could be therefore faster in 

uptake of food items or the sham rig. Huntingford et al. (2010) recently showed individual 

differences in risk taking and competitive abilities of common carp, which were based on a 

behavioral syndrome driven by boldness and aggression. Therefore, it might be possible that 

the first paired experience in an aquarium coupled with a competitive foraging situation 

developed such a behavioral syndrome in the carp, which resulted later on in a different 

behavior compared to control fish that were kept initial single. Thus, the results concerning 

the two control groups were so different and inconsistent it was hard to reveal the exact 

causes behind the observed behaviors. Instead, the importance of the correct choice of 
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controlling conditions has to be highlighted as already small variations in the treatment can 

affect the subsequent behavior.  

A systematic limitation of the present study was that the fish, which received a direct 

and social hooking experience were not randomly assigned, as the fish that ingested the baited 

up hook first was directly allocated to the private group. Vice versa, the fish not ingesting the 

baited up hook first was than assigned to the social exposure. Lovèn Wallerius et al. (2020) 

preferred this self-selective design over the alternative to hook randomly chosen fish 

manually. The manual hooking procedure would have caused to much stress in the fish as well 

as the chances were high that the social cues during a manual hooking event could not be 

transmitted in the same manner as in a real hooking event. Although the authors could not 

rule out possible self-selection effects as there was evidence that fish with a higher 

vulnerability to angling are not a random portion of the stock (Cooke et al. 2007, Philipp et al. 

2009, Klefoth et al. 2013), the present design matched more likely with natural conditions. 

Furthermore, any boldness or competitive effects, which would result in a faster food or sham 

rig uptake was not observed between social and private fish, as those treatments never 

significantly differed in the observations. According to this, negative effects due to the self-

selection should be negligible in the present study. 

Although the allocation to the private and social treatment was self-chosen by the fish 

to imitate a more natural angling situation, it has to be mentioned that the study fish had just 

the opportunity to feed on the presented and artificial items. Therefore, all the carp were 

forced to make trade-offs between being captured and to forage on artificial food or to stay 

hungry. Experiments have shown that hungry and starved fish tend to take higher risks, which 

make them in the end more vulnerable to angling (Cerri and Fraser 1983, Godin and Crossman 

1994, Damsgård and Dill 1998, Moran et al. 2021). Klefoth et al. (2013) already observed those 

effects, as the fish showed a higher catchability in the laboratory compared to the pond 

caused by an unavailability of alternative natural food resources in the tanks. Thus, it is 

possible that the observations recorded in the present study could not fully reflect the natural 

behavior of the common carp as those might be forced to pick up the presented item more 

likely as it would be under natural conditions in the wild.  

In conclusion, the present study demonstrated the first evidence of a learned hook 

avoidance behavior due to private and social cues caused by a hooking experience, which 

could be remembered at least for 14 months. Hereby it was possible to confirm the often cited 
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findings from Beukema (1970b) and to prolong the memory time of a hooking event of 

common carp from one year (Beukema et al. 1970b) up to 14 months. Noteworthy is hereby 

the experimental design of the present study, which made it possible not only to control all 

transmitted cues between the study fish, but also to concretize the behavior to private or 

social learning processes caused by a hooking experience. Due to private learning (i.e. direct 

hooking experience), a great variety of experiments showed already declining catch rates in 

catch-and-release fisheries for several fish species (van Poorten and Post 2005, Askey et al. 

2006, Kuparinen et al. 2010, Klefoth et al. 2013, Arlinghaus et al. 2017a, Wegener et al. 2018, 

Louison et al. 2019, Lovén Wallerius et al. 2019, 2020, Koeck et al. 2020), and therefore it was 

suggested by Meekan et al. (2018) that the harvest of captured fish could counteract reducing 

catch rates as those are not able to transmit the information to conspecifics anymore. Present 

study proofed the opposite, at least for common carp, as already the observation of a hooking 

event of a conspecific sufficed to learn how to avoid future hooking events. Especially in view 

of the high sociability of this fish species (Bajer et al. 2010, Huntingford et al. 2010), a hooking 

event with more than one observing individual has the potential to spread quickly across an 

entire population in a natural environment and decreases the catchability of the whole 

population (Monk and Arlinghaus 2017). Thus, only a few captures of the stock could be 

enough to influence a whole population, which can have in the end similar effects like a 

distinct timidity syndrome (Arlinghaus et al. 2017b). Following this, it is possible that such 

effects were underrated in the past, especially in relation to catch-based stock assessments, 

which require typically a consistent catchability of the fished stock (Alós et al. 2019) and can 

have in turn also major impacts on angler satisfaction (Arlinghaus et al. 2014, Beardmore et 

al. 2015). Taken together it was concluded that the privately and socially learned hook 

avoidance behavior found in common carp, has to be considered as a decisive influence on 

the catchability due its rapid learnability and transmission, and has to be accounted in future 

studies of this species. 
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