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Abstract:  
 
This study describes how three individual fish, Atlantic cod (Gadus morhua L.), developed a novel 
behaviour and learnt to use a dorsally attached external tag to activate a self-feeder. This behaviour 
was repeated up to several hundred times, and over time these fish fine-tuned the behaviour and 
made a series of goal-directed coordinated movements needed to attach the feeder’s pull string to the 
tag and stretch the string until the feeder was activated. These observations demonstrate a capacity in 
cod to develop a novel behaviour utilizing an attached tag as a tool to achieve a goal. This may be 
seen as one of the very few observed examples of innovation and tool use in fish. 
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1. Introduction 

 
The feeding behaviour of fish is characterized by an adaptive flexibility (Dill 1983) and is modified by 
both Pavlovian (to find the food) and operant learning (to catch-manipulate the food; Warburton 2003). 
Despite the fact that fish are not renowned for their intelligence and 
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their behaviour is often considered to be limited and much less flexible than that of higher 35 

vertebrates (Wynne 2010), they can modify their behaviour in a variety of contexts, and there 36 

is an increasing body of evidence that suggests that fish have been largely underestimated in 37 

term of cognitive ability (Brown et al. 2011). For instance, Kuba et al. (2010) recently showed 38 

that stingrays are able to use water as an agent (by creating a water current in different ways) 39 

to extract food from a pipe. Fish have also been reported to use their mouths to hold or 40 

manipulate objects in unusual ways, for example some wrasses are able to use a rock as an 41 

anvil to break bivalve shells (Coyer 1995; Bernardini 2011; Jones et al. 2011) or crush sea 42 

urchins to access the soft body parts inside (Fricke 1971; Wirtz 1996). 43 

Using the mouth to catch food is an innate behaviour that is modified by experience. Here 44 

we introduce a morphological change in a fish that allows a new behaviour to emerge. In a 45 

recent study, Millot et al. (2012) evaluated pull string self-feeders as a method to study diet 46 

preferences of groups of cod kept in small tanks. All fish were individually marked with 47 

external t-bar tag with a coloured bead attached in front of the dorsal fin. In each group 1 or 2 48 

individuals performed the majority of the feeder activations and were thus responsible for the 49 

main food delivery. While most of these fish learnt to use their mouth to activate the self-50 

feeder to get access to the reward, three fish developed in addition a new technique to operate 51 

the self-feeder by attaching the external tag to the feeder pulley. Here we describe this 52 

behaviour and discuss whether it represents an innovation and if it can be considered as an 53 

example of tool use. 54 

 55 

Materials and Methods 56 

Experimental set up 57 

The experiment was run in the research station of Austevoll of the Institute of Marine 58 

Research southwest of Bergen, Norway. The experiment was carried out with four groups of 59 

14 cod. The cod were held in 750 L tanks (water temperature 7-8°C, O2 saturation >90 %) 60 

continuously lit by a 35W halogen spotlight hanging 1.5 m above the water surface. 61 

There were two self-feeding devices (InnovaFeed, InnovAqua SLL, Sevilla, Spain) for 62 

each tank. A feeder device comprised an electric switch connected to a pull string (gut line) 63 

with a soft plastic bead at the end reaching about 5 cm under the water surface for the fish to 64 

bite and pull. Activation was registered by a computer that started an automatic feeder that fed 65 

0.8 g of dry food around 60 cm downstream the pull string self-feeder. Each activation was 66 

automatically video recorded by a colour video camera positioned above each feeder (for 67 

more details, see Millot et al. 2012). A buffer system made it possible to start the recording 15 68 
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s before the activation to study who and how the trigger was activated. Unsuccessful 69 

triggering attempts were therefore not recorded. 70 

 71 

Experimental fish 72 

The experimental fish were 13 months old farmed Atlantic cod first reared in a sea water pond 73 

and start fed on natural zooplankton. After two months they were recaptured from the pond 74 

and transferred to sea cages and fed dry feed. Seven months before the start of the experiment, 75 

the fish were moved to indoor tanks at the IMR, Austevoll Research Station. Two days before 76 

the start of the experiment, the fish were anesthetized with a solution of 5 mg l-1 of 77 

methomidate (Marnil TM, Wildlife Labs, inc., Fort Collins, USA), measured for length and 78 

weight (32 ± 2 cm, 364 ± 71 g, mean ± SE; Focal fish: Fish 1: 35 cm, 508 g, female (Tank 2); 79 

Fish 2: 32.5 cm, 385g, male (Tank 3); Fish 3: 34.5 cm, 495g, male (Tank 3)). For more 80 

information about size, sex and feeder activation of all individuals in the tanks, see Table 1 in 81 

Millot et al., 2012, where the focal fish corresponds to Fish 2-1 (Fish 1), Fish 3-2 (Fish 2) and 82 

Fish 3-4 (Fish 3). All fish were marked with an external t-bar tag with a coloured bead 83 

attached (10 mm in diameter; 0.5 g), stitched in the muscle on the right side of their anterior 84 

dorsal fin (Fig 1A). During the 2-day recovery period the fish were fed by hand ad libitum in 85 

the experimental tanks with the self-feeder strings kept outside the tank.   86 

 87 

Data analysis 88 

The video recordings of all feeder activations were analysed in order to identify the 89 

individuals performing trigger activations and the behaviour during activations. The variables 90 

analyzed for each focal fish were i) the cumulative number of self-feeder activations in 91 

relation to time, performed either with the mouth or using the tag (colour bead), ii) the latency 92 

to reach the feeding zone (just below the feeder, where the pellets fell into the water) after 93 

activation of the self-feeder with the tag and iii) the percentage of clockwise or anticlockwise 94 

rotation direction when the fish attached the tag to the pulley to study if the behaviour became 95 

standardized. To track the swimming pattern before, during and after feeder activation in 96 

early and late tag activations, the 7 first and the 7 last tag activations of each focal fish 97 

were analyzed in more detail. A coordinate system drawn on a transparent sheet was 98 

placed on the screen with the feeder pulley at origo, and the coordinates of the tag was 99 

plotted with 0.4 s interval (i.e. 10 frames) from 0.8 s before to 4.8 s after the tag was 100 

entangled to the pulley to create a picture of the swimming pattern.  101 
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Correlation between activation number and latency to reach the feeding area was tested by 102 

Kendall’s tau rank correlation. Statistical analyses were performed using R software system 103 

Version 2.12.0 (Copyright 2010, The R Foundation for Statistical Computing, Vienna, 104 

Austria).  105 

 106 

Results 107 

The behaviour during feeder activation  108 

Almost all of the fish activated the feeder during the experiment (48 out of 56, Millot et al. 109 

2012) by first approaching and then biting the pull string bead and swimming forwards 110 

(Video sequence 1), which is the behaviour the feeder device is constructed for. Three 111 

individuals from two different tanks (Fish 2 and 3 in the same tank) seemingly accidentally 112 

entangled their tag into the trigger pulley (Fig 1A), resulting in activation of the feeder (Video 113 

sequence 2). Presumably startled at being attached to the pulley, the fish responded with a fast 114 

burst of swimming until the tag became unhooked. In these first occasions of activation with 115 

the tag the fish did not immediately return to feed (Fig 2A). The behaviour when attaching the 116 

tag to the pulley eventually changed to a goal-directed behaviour, and after fine-tuning, all 117 

three fish were able to perform a series of coordinated movements needed to activate the 118 

feeder using the dorsal tag alone (Video sequence 3). The cod first adjusted its position by 119 

slow swimming movements, then with great precision attached the bead of the tag to the 120 

trigger pulley and finally swam forwards before turning to release itself (Fig. 1B). At the end 121 

of the experiment the three focal fish showed standardized swimming patterns to catch the 122 

trigger with their tag, activate the feeder and reach quickly the feeding zone (Fig 2B).    123 

 124 

Number of mouth and tag activations  125 

Fish 1 performed its first feeder activation with the mouth on Day 1 but became more active 126 

from Day 4 (12 activations) onwards. At Day 4, this fish performed its first feeder activations 127 

with the tag (20 activations). From Day 8 onwards Fish 1 used the tag more often than the 128 

mouth to activate the feeder (hereafter called method switch), and after Day 11 it never used 129 

the mouth again. At the end of the experiment, Fish 1 had in total performed 51 feeder 130 

activations with the mouth and 422 feeder activations with the tag (Fig. 3A).  131 

Fish 2 activated the feeder for the first time on Day 1, with 19 mouth activations and 1 tag 132 

activation. From Day 17 onward the frequency of tag activations increased markedly with a 133 

method switch that day. At the end of the experiment, Fish 2 had in total activated the feeder 134 

96 times with the mouth and 195 times with the tag (Fig. 3A). 135 
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 5 

Fish 3 performed its first feeder activation with the mouth on Day 1. The first activation 136 

with the tag was done on Day 17 after 24 cumulative feeder activations with the mouth. Until 137 

the end of the experiment, this fish mainly activated the feeder with the mouth, but had a 138 

method switch on Day 27 with 28 activations with the tag and only 9 with the mouth. At the 139 

end of the experiment, Fish 3 had performed 55 activations with the mouth and 37 with the 140 

tag (Fig. 3A).  141 

  142 

Latency to reach the feeding zone 143 

A rapid decrease in latency time between tag activation and reaching the feeding zone (Fig. 144 

3B) coincided with the switch in activation technique (Fig. 3A). The mean latency to reach 145 

the feeding zone decreased with activation number for all three individual (Kendall’s tau 146 

correlation, Fish 1: tau = -0.31, p<0.001; Fish 2: tau = -0.51, p<0.001; Fish 3: tau = -0.70, 147 

p<0.001). The mean latencies before the method switch were 3.2 ± 2.0 s (Fish 1), 3.9 ± 2.0 s 148 

(Fish 2) and 5.9 ± 2.3 s (Fish 3) compared to 0.5 ± 0.7 s (Fish 1), 0.6 ± 1.0 s (Fish 2) and 1.0 149 

± 0.9 s (Fish 3, Fig. 3B) after the method switch. 150 

 151 

Rotation direction during tag activation 152 

For two of the fish the direction when approaching and actuating the trigger with the tag 153 

became more standardized after the switch in method. Fish 1 had an anti-clockwise rotation 154 

direction in 40% of the feeder activations before the switch and in 87% of the activations after 155 

it changed the way it operated the feeder. Fish 2 rotated anti-clockwise in 33% of the feeder 156 

activation before it changed its technique and in 85% after. Fish 3 always rotated clockwise. 157 

 158 

Discussion 159 

Using the mouth to explore possible food objects such as the pulley of a self-feeder is a 160 

‘natural’ behaviour in cod, where the association with food reinforces and increases the 161 

frequency of this behaviour by operant conditioning (Nilsson and Torgersen 2010). In this 162 

and similar experiments we have observed that frequently pulling fish refine their behaviour 163 

from initially more or less random manipulation of the “bait” to an intentional controlled bite 164 

and pull of the trigger until the food is released (Millot et al. 2012). In contrast, the first 165 

entanglement of the tag to the pull string observed in this study caused an initially aversive 166 

experience indicated by the escape response when the stretched string pulled the tag. 167 

However, since the fish learned to use this behaviour to activate the trigger, they must after 168 
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few accidental entanglements have associated this incident with the food reward permitting 169 

the fish to learn and become operant conditioned for this novel behaviour.  170 

Over time the cod seemed to develop a deliberate behaviour where the fish tried to 171 

entangle the tag to the pull string trigger to get food. The aversive sensation when the string 172 

pulled the tag could signal to the fish that the behaviour was successful, which was 173 

subsequently confirmed by the food delivery. Over time the “tag technique” was refined and 174 

became more effective, as seen by the standardized swimming behaviour and the decreased 175 

latency to reach the feeding area. Eventually, this new technique became preferred over the 176 

“mouth technique”, since all three individuals eventually mostly or even exclusively activated 177 

the feeder with their tag. As we did not have the possibility to video record unsuccessful 178 

attempts, we do not know how fast the success rate of this behaviour increased. A possible 179 

reason for why the “tag method” was preferred could be that activation with the tag provided 180 

better control since the fish could focus on the food area and competitors and did not have to 181 

focus on the trigger as they did when activating with the mouth. The result was to transition 182 

an initially aversive action involving an artificial morphological feature (the tag) into an 183 

effective way to acquire food that represents a novel and amazing behaviour. 184 

Using the definition of innovation from Ramsey et al. (2007): “Innovation is the process 185 

that generates in an individual a novel learned behaviour that is not simply a consequence of 186 

social learning or environmental induction”, we believe that this novel behaviour can be seen 187 

as an innovation. The cod did not just swim to a particular location or use another normal 188 

behaviour but carefully attached the tag by fine-scale coordinated movements and repeated 189 

this behaviour a high number of times. Innovations are not necessarily cognitively complex 190 

(Ramsey et al. 2007), and chance events can lead to innovations if the individual learns from 191 

the experience, and when it is rewarded, the innovative act is likely to be repeated with 192 

increased efficiency (Reader 2003). What is striking with the present observation is that the 193 

“behavioural accident”, i.e. getting the tag attached to the feeder pulley, was presumably 194 

initially aversive and totally artificial since cod are not known to use their back or fins to 195 

manipulate objects, and that cod were yet able to fine-tune this action to a standardized 196 

technique to obtain a goal. That the fish had already activated the feeder repeatedly with the 197 

mouth before switching to the tag technique, and thus had a functional and non-aversive 198 

alternative to obtain food, makes the findings even more surprising. 199 

In a population there may be only one innovator that finds new ways to solve a task (Weir 200 

and Kacelnik 2006), but if the method is successful it may be socially transmitted and become 201 

more common. Reader and Laland (2003) defined innovation as “a process that results in new 202 
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 7 

or modified learned behaviour and that introduces novel behavioural variants into a 203 

population’s repertoire”. Fish 3 may have learnt the technique from Fish 2, which was in the 204 

same tank and had started to use the tag earlier, but we do not know if more individuals would 205 

adopt the new technique if the experiment had continued for a longer period.  206 

Since fish naturally lack morphological structures to catch or manipulate object such as 207 

hooks, using an attachment of the body to manipulate an object should be considered as 208 

outside of their mental and behavioural repertoire. By introducing a morphological change 209 

(tag on the back) we gave to the fish the possibility to perform and develop a new rewarding 210 

behaviour. It may even be possible to see the use of the tag as an “artificial limb” or as a form 211 

of tool use. Tool use has been demonstrated in mammalian (Goodal 1964; Seed and Byrne 212 

2010) and avian (Hunt 1996; van Lawick-Goodall and van Lawick-Goodall 1966; Bluff et al. 213 

2007; Holzhaider et al. 2010) species and even in octopus (Finn et al. 2009). A widely used 214 

definition of tool use is the employment of an environmental object to alter the form, position 215 

or condition of another object, another organism, or the user itself when the user holds or 216 

carries the tool during or just prior to use (Beck 1980). However, for animals such as fishes, 217 

holding tools represents a challenge because they lack limbs that can grasp and orient a tool, 218 

and the physical properties of water further restrict tool use (Brown 2011). From a cognition 219 

point of view, however, the question is not how an animal uses a tool or an extension of the 220 

body but why, i.e. the ability to adapt a novel technique with the intention to obtain a goal – 221 

novel in the sense that it does not reflect species-specific evolutionary adapted behaviour and 222 

morphology. For this reason, defining tool use as the active manipulation of an external object 223 

(here the tag) in the attainment of a goal (here the food delivery by feeder activation) is 224 

currently commonly accepted (Kuba et al. 2010; Brown 2011). If we accept that the cod were 225 

aware of the morphological extension (the tag) on the back, using this to activate a feeder 226 

could be regarded as a form of tool use according to this definition. 227 

In conclusion, a fundamental difference exists between using a part of the body that has 228 

evolved to manipulate objects like the mouth and synchronized goal-directed body 229 

movements using a novel appendage that has had no evolutionary history. Although there is 230 

still dispute about how innovative behaviour and tool use should be defined (Ramsey et al. 231 

2007), this novel behaviour in cod could be seen as an example of innovation and tool use. 232 

 233 

Ethical standards 234 
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 292 

Figure captions 293 

 294 

Fig. 1 Goal-directed self-feeder activation with the tag. (A) Close-up of the tag bead attaching 295 

to the self-feeder trigger pulley (i.e. gut line with a soft plastic bead at the end). (B) Four 296 

stages of a goal-directed tag activation by a cod. In a circular (anti-clockwise) movement the 297 

fish carefully approaches the trigger pulley (1), positions the trigger under the tag bead (2) 298 

and swims forwards to activate the feeder (3) and then releases the bead from the trigger and 299 

swims to the dispensed food (4). 300 

 301 
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 10 

Fig. 2 Evolution of fishes’ approaches using their tags to activate the feeder over time. 302 

Track of the swimming pattern before, during and after the tag was entangled to the 303 

feeder pulley in the 7 first (A) and 7 last (B) tag activations. Origo (axis intersection) is 304 

the original position of the pulley. Big filled symbols indicate the start of the track (0.8 s 305 

before the tag was entangled), small filled symbols indicate where the tag was entangled 306 

to the pulley, big symbols filled with yellow indicate when the feeder was activated, 307 

arrows indicate end of the track and movement direction.  308 

 309 

Fig. 3 Change in self-feeding behaviour across time. (A) Cumulative number of self-feeder 310 

activations, performed either with the mouth or using the tag as a pulling tool, (B) latency to 311 

reach the feeding zone after the self-feeder activation with the tag.  312 

 313 

Supplementary material 314 

Supplemental information includes a movie (ESM_1.mpg) demonstrating the development of 315 

the fish (Fish 1) self-feeder activation (sequence1: with the mouth, sequence 2: by accident 316 

with the tag and sequence 3: goal-directed with the tag).   317 

 318 

 319 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Figure 1A
Click here to download high resolution image

http://www.editorialmanager.com/anco/download.aspx?id=13548&guid=e66ae07c-5003-474d-a157-2f3b85b3c099&scheme=1


Figure 1B
Click here to download high resolution image

http://www.editorialmanager.com/anco/download.aspx?id=13549&guid=011b22d2-1f61-4ee8-9962-d063174f1d47&scheme=1


Figure 2
Click here to download high resolution image

http://www.editorialmanager.com/anco/download.aspx?id=13550&guid=6733972b-6d2b-4cf6-8e1d-a7e0ba77fb24&scheme=1


Figure 3
Click here to download high resolution image

http://www.editorialmanager.com/anco/download.aspx?id=13551&guid=87379c58-238a-4eb5-9c23-1c0d525e5069&scheme=1


  

Online resource 1
Click here to download Supplementary Material: ESM_1.mpg.mpg 

http://www.editorialmanager.com/anco/download.aspx?id=13542&guid=be2a5d0a-fd26-41e5-8177-bed7fd23b7bc&scheme=1



