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Josefine Persson 

Abstract 
 
Pharmaceutical contamination is increasing in the environment and the consequences this will 
bring are of growing concern. The highest contamination of pharmaceuticals can be found in 
aquatic ecosystems and the organisms of these systems are therefore of utmost importance to 
research in order to understand the ecological consequences of pharmaceutical contamination. 
This report will reveal the effect contamination can have on an important apex predator often 
found in temperate aquatic systems, the Northern pike (Esox lucius) when exposed to the 
psychiatric pharmaceutical Oxazepam. The predatory performance of pike was studied before 
and after Oxazepam exposure by monitoring how fast each pike caught three prey of roach 
(Rutilus rutilus), as well as observing the amount of failed predation attempts when hunting the 
roach. The exposed pike displayed more failed predation attempts after exposure as opposed to 
the control group. Furthermore it took the exposed pike longer to catch all three roach after 
exposure while the mean for the control group decreased. Hence, Oxazepam exposure seem to 
have an effect on predation performance of pike but no definite conclusion could be drawn about 
to which extent this affects the foraging success and thereby the survival of the pike considering 
the complex nature of aquatic systems. More studies are therefore needed in order to determine 
the full effect pharmaceutical contamination can have on complex aquatic ecosystems and more 
specifically on an apex predator. 
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1 Introduction 

1.1 Background 
An abrupt, or even a smooth, change in species density or distribution can produce large 
responses in affected ecosystems (Scheffer et al. 2001; Groffman et al. 2006). From a 
conservation standpoint it is therefore important to foresee and, if possible, prevent such 
changes in order to understand and avoid the impact they would have. The knowledge and 
technology needed to understand the mechanisms behind such changes are often very complex 
with many co-occurring factors that sometimes can be hard to identify (Groffman et al. 2006). 
One easily overseen factor is contaminants that appear in concentrations that are too low to be 
considered toxic. Pharmaceuticals are one example of a contaminant of this sort. As 
pharmaceuticals are active and invoke therapeutic effects at low concentrations they differ from 
other contaminants (Klaminder et al. 2014). It has recently been discovered that contamination 
levels of pharmaceuticals are increasing, which according to Depledge (2011) has reached 
alarming levels in many different ecosystems and organisms (Albert et al. 2014). The rising 
contamination combined with the lately discovered effects on various ecosystems makes this 
topic highly interesting and essential. Despite the increasing number of studies conducted on 
pharmaceutical contamination there is a lack of knowledge and further research is needed (Fent 
et al. 2006; Calisto and Estaves 2009; Santos et al. 2010; Brodin et al. 2013). 

1.2 Pharmaceuticals 
The consumption of pharmaceuticals is increasing globally (Corcoran et al. 2010). This can 
partly be due to the fact that low-cost pharmaceuticals are easily accessible in a combination 
with a demographic shift towards an elderly population (Depledge 2011; Arnold et al. 2014). 
Since the consumption leads to an increasing contamination of both ground and surface waters 
(Corcoran et al. 2010) it is essential to research the effects this will have on various ecosystems in 
order to prevent or mitigate the consequences.  
 
Aquatic systems have the highest range of affected organisms when considering pharmaceutical 
contamination (Relyea and Hoverman 2006). There are many ways through which 
pharmaceuticals can reach the water and this has been known to some degree ever since the 
1960s when reports on incomplete removal of pharmaceuticals by wastewater treatments 
occurred (Calisto and Estaves 2009; Santos et al. 2010). One of the most apparent paths through 
which pharmaceuticals enter the environment is after passing through the human body when 
being used in therapy (Santos et al. 2010). Calisto and Estaves (2009) mentions other paths, 
which include uses in veterinary treatments, production industries as well as incorrect 
household disposal. One could imagine that the amount of pharmaceuticals released by these 
paths would not cause high enough concentrations in order to affect the aquatic ecosystems, but 
that is not the case. Even if the concentration of each individual pharmaceutical is low (Loos et 
al. 2013) one also has to keep in mind that pharmaceuticals are typically designed to have their 
effects even in low doses (Arnold et al. 2014).  
 
Psychiatric pharmaceuticals is the most prescribed type of pharmaceutical globally, and they are 
also very persistent (Calisto and Estaves 2009; Brodin et al. 2013). Therefore psychiatric 
pharmaceuticals can be assumed to be some of the most common in aquatic ecosystems 
receiving waste-water input (Loos etl al. 2013). This has also been confirmed in a recent study 
conducted by Loos et al. (2013) where the main objective was to assess the occurrence of many 
organic chemical contaminants in Europe. One of the drugs with the highest frequency of 
detection (90%) was the psychoactive drug Oxazepam. Psychoactive drugs acts primarily on the 
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central nervous system where they alter brain function (Calisto and Estaves 2009). Psychoactive 
drugs are divided into different groups depending on their effect. Oxazepam is an anxiolytic 
drug, commonly prescribed to treat anxiety (Calisto and Estaves 2009). Anxiolytics are divided 
into classes where the most commonly used class is benzodiazepines in which Oxazepam is 
placed (Brodin et al. 2013). Benzodiazepines create the anxiolytic effect by enhancing the effect 
of a receptor in a certain neurotransmitter known as gamma-amino butyric acid (GABA) (Brodin 
et al. 2013). This leads not only to anxiolytic but also sedative and muscle relaxant effects (Rezaie 
and Ahmadizadeh 2013). Oxazepam was selected as the target pharmaceutical in this study 
because of it being a commonly and widely used drug, which also has been shown to induce 
behavioral changes in fish (Brodin et al. 2013; Klaminder et al. 2014). 
 
The reason why pharmaceuticals are able to affect organisms in various ecosystems is partly 
because many drugs are resilient to microbial degradation (Painter et al. 2009). This means that 
only a limited amount is removed when they pass through various wastewater treatment 
processes, which results in the pharmaceuticals still being biochemically active when they reach 
aquatic ecosystems (Painter et al. 2009; Brodin et al. 2013). Furthermore several 
benzodiazepines are rather resistant to photodegradation, which leads to the drug remaining in 
aquatic systems for several months before degrading (Brodin et al. 2013; Klaminder et al. 2015). 
 

1.3 Behavior 
Contaminants are an environmental change which affected organisms reacts and adapts to 
through behavioral changes (Gerhardt 2007). This behavioral changes can happen when 
pharmaceuticals intended for humans contaminate the environment of non-target organisms 
(Brodin et al. 2013; Klaminder et al. 2014). It is difficult to foresee the effects on non-target 
organisms, such as fish, since the pharmaceuticals are intended for humans. However, Corcoran 
et al. (2010) declares that when laboratory fish have been treated with pharmaceuticals, the 
effects seen are often similar to known effects on mammals. This makes the known effects of the 
drug used in this study, Oxazepam, relevant to consider. Apart from the previously mentioned 
effects of Oxazepam the known side effects can also be important to take into account. The most 
common side effect of Oxazepam is, according to FASS (2015), drowsiness, if the dosage is too 
high confusion can occur. It is also mentioned that caution should be taken when combined with 
other drugs and furthermore that the treatment should be kept as short as possible. Since there 
is no way for fish in aquatic ecosystem to stop the exposure of the pharmaceutical the exposure 
time will be long and it will also be in combination with several other drugs (Calisto and Estaves 
2009; Loos et al. 2013). Therefore Corcoran et al. (2010) states that there is a need to investigate 
the risk on wild fish populations more thoroughly keeping in mind that the exposure most likely 
is chronic and that the drug does not occur individually but as complex mixtures (Calisto and 
Estaves 2009) 
 
As mentioned earlier Oxazepam, as well as other anti-anxiety drugs, modify the regulation of 
neurotransmitters. Both mammals and teleost fish have a similar need for their autonomic, 
behavioral and neuroendocrine responses to stress (Painter et al. 2009). If fish response to 
predation is reduced, even by just a small fraction, this would lower the survival of said species 
since the primary source of mortality at all life stages of fish is predation (Painter et al. 2009). 
Since predation plays such an important part in aquatic systems this is where focus will be laid in 
this study. Altering the behavior underlying predation and predation responses can have not 
only ecologically but also evolutionary important effects, which over time can influence the 
composition of aquatic communities (Brodin et al. 2013). If the balance between predator and 
prey is altered, the consequences will be hard to predict.  
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1.4 Earlier studies 
Even though Santos et al. (2010) showed that there are not many studies done on anxiolytic 
drugs but more so on antibiotics there are some relevant research. The most similar and 
important study was conducted by Brodin et al. (2013) who did a behavioral study of European 
perch (Perca fluviatilis) when exposed to Oxazepam. What they found was that the activity of the 
perch increased at the same time as sociality decreased and the feeding rate was higher, probably 
because of induced bolder behavior. In accordance, Klaminder et al. (2014) found that perch fry 
hatched from roe, which had been exposed to Oxazepam showed a lower mortality rate and 
increased activity. Similar results were found in two year old perch. Painter et al. (2009) showed 
that the effects of antidepressant affects the behavior of larval fathead minnows (Pimphales 
promelas). When larvae were exposed predator avoidance behavior slowed.  

1.5 Species description 
The study species in this experiment is the northern pike (Esox lucius). It is the type species in 
the Esocidae family where the only remaining genus is Esox. The distribution of this species is 
Holarctic (IUCN 2015). They occur in many habitats, ranging from vegetated lakes to small pools 
and large rivers. They are usually territorial and prefer to live solitary. Pike is an ambush 
predator that mainly feed on fish and frogs, cannibalism is also common (Luna, 2015). Spawning 
habitats are flooded areas with emerged vegetation where the young remain several weeks after 
hatching (IUCN 2015). According to the IUCN (2015) redlist the species is considered least 
concern and have no known major threats. Throughout this report Esox lucius will be referred to 
as pike.  

1.6 Aim  
The aim of this study is to generate more information about the impacts pharmaceuticals can 
have on fish behavior, more specifically how the antianxiety drug Oxazepam affects the 
predatory performance of pike. The predatory performance could either benefit or get a 
disadvantage from the exposure where the more likely scenario is that the performance will be 
impaired and thereby affect the survival of the pike in a negative way. Either result would have 
an effect on the ecosystem and be equally important for further research.  

2 Materials and method 
Before the study was conducted an ethics course was taken in order to be able to handle the 
animals properly and without unnecessary harm. The study was approved by the ethical 
committee with the permission number A18-15. 

2.1 Sampling 
The pike were collected using a beach-seine at four different locations (table 1). 
   
Table 1: The four sites where pike were caught and their corresponding coordinates.  

Location Coordinates 
Nydalasjön 63.834955⁰N 20.344400⁰E 

Rovågern 63.762913⁰N 20.535942⁰E 

Skataudden 63.831111⁰N 20.500622⁰E 

Ängerån 63.578054⁰N 19.840103⁰E 

 
Small pike, sizes ranging from 12.4cm to 23.3cm (appendix 1), were collected partly because it is 
easier for smaller pike to adjust to new environments and thereby more willing to eat in a 
laboratory environment and partly because larger pike were too large for the water tanks 
available in this study. After capture the pike were given at least two weeks to adjust to their new 
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habitat which consisted of an individual aquarium for each pike with water volume from 31 liters 
to 119 liters depending on pike size. Environmental enrichments were put in each aquarium in 
the form of stones at the bottom and some plastic strips to symbolize weeds and give the pike a 
place to hide. 28 of the aquariums had through-flowing water to oxygenize the water while 8 had 
air-pumps as flowing water were un-available in these. Ten of the pike were already in the lab 
and had had approximately six months to acclimate to their habitat. All together this brought the 
total amount to 36 pike, which were each given an individual number and were randomly 
assigned to a treatment. During this time five of the pike died, leaving 31 pike. 
They were fed roach (Rutilus rutilus) every second or third day during their acclimation period 
as preparation for the predator test. The roaches were not measured but sizes are approximated 
to range from 2 to 5 cm. 

2.2 Predation 
Before the experiment all of the aquariums were installed with pumps instead of flowing water 
for oxygen. This was because flowing water would flush the pharmaceuticals out of the 
containers. The test was done once before exposure and once after. Before the tests the pike were 
not fed for three days in order to get them hungry and motivated to attack prey. When starting 
the test the pike was first moved to one side of the aquarium using a thin plastic wall and three 
roach was then introduced into the aquarium on the opposite side (figure 1). 
 

 
Figure 1: A visual explanation of the predation experiment. The pike was contained in one side of the aquarium using a 
movable plastic wall and the three roach on the opposite side of the aquarium. The walls were then lifted 
simultaneously to allow the pike to start hunting the roach. 

 
Both movable walls were lifted at the same time and a timer started. The time when each roach 
the pike caught was subsequently noted. This gave a maximum of three time-scores for each 
pike. The number of failed attempts to catch the roach was also noted. After five minutes the 
timer was turned off and the pike was not observed any longer. 
 
2.3 Exposure 
Out of the 31 pike 17 were randomly selected to the Oxazepam treatment while the remaining 14 
were kept in clean water (control) (appendix 1). 
 
At the start of the experiment the aquariums for the control group were filled with new, fresh 
water. The exposed water was given the same concentration in the following way: A large 
container was filled 300 liters of water before the drug was added. Then another 250 liters filled 
the container, resulting in approximately 550 liters of exposed water with the desired 
concentration of 1.6µg/l. This concentration was chosen because it is an environmentally 
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relevant concentration. Loos et al. (2013) found a concentration of 1.8µg/l Oxazepam in their 
study. The exposed water was then used to fill the aquariums for the pike that were going to be in 
the exposed group. Two of these containers with 550 liters were needed to fill all the aquariums. 
After exposure the pike were fed once after a few days and then feeding was withheld again for 
three days in order to get them hungry for the predation test, which was executed in the same 
manner as the previous test. 
 
After all of the experiments were finished, the pike were measured and weighed. The ones who 
had been exposed were put down by an overdose of sedatives after the tests and traits were 
noted. 

2.4 Data and statistics 
Six traits were recorded during or after (weight and length) the predation trials (table 2).  
 
Table 2: Each of the recorded traits for the predation trials described and numbered. 

Time1 The time it took for the pike to catch the first roach 
Time2 The time it took for the pike to catch the second roach 
Time3 The time it took for the pike to catch the third roach 
Total fail The number of times the pike failed to catch a roach 
Weight The weight of each individual pike 
Length The length of each individual pike 

 
Since the data were normally distributed one-way ANOVAs were used as statistical analyses. All 
statistical analyses were done using SPSS v.22 and graphs were constructed using Excel. 

 
3 Results 
 
Before the exposure there was no statistically significant difference for either the number of 
failed attempts (P=0,46) or for the time of any of the prey caught (all P> 0,4) between 
treatments, suggesting that any change seen between treatments after exposure would be an 
effect of Oxazepam exposure.   
 
The Oxazepam exposure seemed to affect pike predation success. Exposed pike displayed more 
failed predation attempts between before and after Oxazepam exposure while no change was 
found in the control group (P=0,031 and P=0,559, respectively). In addition, when comparing 
exposed pike to the control group after exposure exposed pike displayed more failed predation 
attempts than control pike (Mean ± SE, 0.59 ± 0.19 and 0.14 ± 0.09, respectively) (figure 2). A 
definite trend could be seen between exposed and control group even though no statistical 
difference was found (P = 0,063).  
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Figure 2: The mean number of failed attempts (±1 SE) to catch the roach, both before and after the exposure period.  

 

The time it took for the pike to catch their prey was also affected when exposed to Oxazepam. It 
took pike exposed to Oxazepam longer to catch all three roach after exposure while the mean 
time for the control group decreased (Mean ± SE, 227 ± 25 and 153 ± 34, respectively) (figure 3). 
When analyzed statistically the difference was not significant (P=0,083) but still a noteworthy 
trend. No significant differences, or trend, between treatments were found regarding the 
predation-time on the first or second roach. 
 

  
Figure 3: The mean time in the form of seconds it took for each group, control and exposed, to catch the third roach, 
displayed with standard error both before and after the exposure to Oxazepam.  
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The size of the pike as well as the roaches differed and size can be an important factor for 
foraging success in some species. However, in this study there were no significant differences in 
weight or length of pike between the groups in this experiment (P=0.899 and P=0,706, 
respectively) which suggests that size differences between the groups of the pike did not affect 
the outcome of the experiment. 

4 Discussion 

4.1 Results 
This study illustrates that Oxazepam exposure might affect predatory performance of pike. Not 
only did exposure affect the pike ability to catch the roach negatively but also increased the time 
it took for the pike to catch them which indicates that the predatory performance was negatively 
affected by pharmaceutical contamination. However, as pointed out by Klaminder et al. (2014) 
drugs do not necessarily have a negative effect on the affected organisms. To grasp the extent to 
which the foraging success of pike is affected one also have to take into account that the other 
organisms in the ecosystem might also be affected by the same, or other, pharmaceuticals. Perch, 
a common prey of pike, showed according to two studies (Klaminder et al. 2014 and Brodin et al. 
2013) an increase in activity, Brodin et al. (2013) also found them to be more asocial and bolder. 
Perch usually swim and hunt in shoals and if their activity is increased and they are more asocial 
and bolder it seems likely that it will be easier for the pike to catch perch since they are taking 
more risks and are no longer as prone to swimming in shoals. The fathead minnows that Painter 
et al. (2009) studied showed a decrease in predator avoidance, which indicates that they too may 
get bolder from pharmaceutical exposure. If this is a general effect that happens to most 
organisms in an ecosystem this would definitely make hunting easier for most predators. If the 
prey of pike are affected by pharmaceutical contamination to a higher extent than pike it is not 
definite that the foraging success will be as impaired as one would imagine when just examining 
the results of this study. Considering the behavioral effects of their prey fish, even if the pike fail 
more in their attacks it seems they would have more, and perhaps better, opportunities to attack. 
It is a trade-off for pike to attack prey, it requires energy and if successful gains them energy. If 
the attack is in vain and no prey is caught they will have wasted their energy and gotten nothing 
in return. Bearing in mind the energy losses it is unlikely that the effects of Oxazepam will be 
beneficial to the pike in the long run. Even so it is important to consider the possibility before 
ruling it out, but in order to definitely determine how the foraging success of pike is affected 
longer and more extensive experiments are needed to gather enough information about the 
effect on the whole aquatic ecosystem.  
 
Earlier studies (Brodin et al. 2014 and Klaminder et al. 2014) have revealed that an increase in 
activity usually occurs when fish are exposed to Oxazepam. Increased activity could be a reason 
for the negative effect on the predation performance since the hunting technique requires 
stealth. If the pike are more active one could imagine that it is harder to be sneaky, which would 
affect their hunting abilities. 
 
As shown it was only the time until the third (and last) roach was caught that a trend could be 
seen, in exposed pike when compared to control pike. It is then interesting to ask why the other 
predation times (until roach 1 and 2 was caught) remained unaffected. An explanation for this 
could be that time passes while the pike are hunting and failing. With the sample size used in 
this study three preys could be needed before the time difference is significant enough to be 
noticeable. Another explanation could be that the first one or two roach are so important for the 
pike to catch that either the concentration of Oxazepam needs to be higher in order to affect the 
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predation of the important first prey after a starvation period. It is essential for the survival of 
the pike that they catch prey, this instinct is deeply rooted and therefore maybe the exposure 
could not affect this crucial and basic instinct. The more prey they catch the less important it is 
for the pike survival to catch another prey. Even if Oxazepam lowers the anxiety of the pike in 
this experiment for the first two catches it might not lower it enough to make a noticeable 
difference between the control and the exposed group with this sample-size. For the third roach, 
however, that is less crucial for pike survival than the first and second prey, the pikes’ natural 
anxiety will be lowered and Oxazepam will lower it even further, now making a difference 
distinguishable from the control group.  
 
It is important to keep in mind that in this study, the pike were only exposed to one drug while 
pike in a wastewater receiving aquatic ecosystem may be exposed to several others 
simultaneously. In reality there can be tens or hundreds of different pharmaceuticals affecting 
the same system at the same time (Calisto and Esteves 2009; Loos et al. 2013). So even if the 
effects of Oxazepam are quite known it is difficult to know what effects it would have when 
combined with a mix of other drugs with various effects. The effects of Oxazepam could be 
countered and diminished or enhanced by the effects of other drugs. Even so it is important to 
know the effect of individual drugs to be able to target removal of the compounds, which have 
the most concerning effects. Some information about combined effects could probably be 
gathered from research done in medicine since, as earlier mentioned, pharmaceuticals often 
affects fish similarly to known effects on mammals. Drugs need to be thoroughly tested before 
they are allowed to be sold or used to treat people. This means that there is a lot of information 
about drugs and probably about the effects they have when combined with other drugs. Even if 
that research does not bring a definite answer, it still could add valuable information for risk-
assessment. However, medical research can only shed limited light on the effects of chronic 
exposure on target organisms since such studies are very few. This is problematic because in 
aquatic ecosystems the organisms are constantly exposed to whichever pharmaceuticals have 
been released into the system. In this study the exposure only lasted a week and knowing the 
consequences when organisms are exposed to these drugs over long periods of time are also of 
crucial importance because the effects might intensify or even subside with constant exposure. 
Longer exposure time is needed in order to determine the long-term effects of constant 
exposure. 
 
For this study pike were considered an apex predator, which they can be in an ecosystem. As 
earlier mentioned cannibalism is common so therefore pike of the size used in this study would 
be affected by predation by their own species. In that scenario the pike would not only be the 
predator but also the prey. The aspect of pike as a prey and how they would be affected if 
exposed to contaminants in that scenario was not considered in this study. 

4.2 Method 
Pike usually take some time to get acclimatized to their new environment and to start eating. 
One reason for them not to eat in captivity could be anxiety. It can take a few weeks for bigger 
pike to start eating (Brodin per. com.). It usually takes less time to acclimatize the smaller the 
pike are, probably because smaller pike are more adaptive. Four of the pike used in this study 
had not yet gotten acclimatized enough to start eating. After exposure two of those started 
eating, this could either be because they needed a bit more time to acclimatize or it is possible 
that the drug helped speed the process along. One of the control pike that had not started eating 
before exposure did not start to eat with the prolonged acclimatization period.  
 

Before the test the pike had never experienced the plastic dividers and did therefore not 
associate it with feeding or anything else. Submerging the dividers caused three of the pike to 
panic and they did not calm down and eat during the five minutes that they were observed. Two 
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of them were then exposed and in the second test neither of them panicked and both of them ate. 
This change is not necessarily due to the Oxazepam exposure but it is plausible that the cause for 
their panic was stress or anxiety, which Oxazepam treats. The third pike, that was not exposed, 
panicked during the second trial as well and did not eat. It is not likely that the pike got used to 
the boards after just one interaction with it and it is therefore probable that the exposed pike 
were calmed enough from the drug to allow them to eat the roach. 
 
The reason for different sample-size in the exposed- and control groups were to get a larger 
exposed group and therefore make it easier to find any possible differences that exposure might 
bring. Optimally, if more pike had been caught; group-sizes would have been equal. 

4.3 Conclusion 
It has been established by this study that Oxazepam exposure does seem have an effect on the 
predatory performance of pike. Even though most of the effects were only marginally significant 
these tendencies would probably have been confirmed with a bigger sample size. Exposure 
appeared to affect not only the amount of failed attempts but also the hunting time for catching 
the third (and last) roach. How important these results truly are will have to be tested in a future, 
more thorough and extensive study. This is a huge area of research with an almost infinite 
number of variables where more studies are needed to further our understanding of the impacts 
that pharmaceuticals have on different ecosystems.   
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Appendix 1. Weight and length for each pike.  
 
 
 
The weight and length of each numbered pike. Wither they were exposed or not are described with N (no) or Y (yes) as 
is with the long acclimatization period. The pike rows that are black did not survive and were therefore not included in 
the study. 

Pike 
Weight 

(g) 
Length 

(cm) Exposed 
Long 

acclimatization Pike 
Weight 

(g) 
Length 

(cm) Exposed 
Long 

acclimatization 

1 29,38 17,5 N Y 19 26,65 17 Y N 

2 25,25 16,5 Y Y 20 44,17 20,7 N N 

3 32,4 18 Y N 21         

4 24,57 17 N N 22 56,29 22,1 N N 

5 24,88 17 Y Y 23 23,19 16,3 Y N 

6 23,41 15,7 Y N 24         

7 27,21 18,3 N N 25 35,62 18,8 Y N 

8         26 36,48 18,9 N N 

9 62,91 23,3 Y N 27 49,27 21,3 Y Y 

10 32,38 19,3 Y Y 28 11,58 12,4 N N 

11 33,93 19,8 Y Y 29 31,12 18 N N 

12 38,43 20,4 Y N 30 35,78 19,5 Y Y 

13 30,5 20 N Y 31 33,19 18,3 Y N 

14         32 52,29 21,5 N N 

15 20,07 16,7 Y N 33 33,63 19,7 N Y 

16 10,04 12,1 Y Y 34         

17 28,15 17,9 Y N 35 37,18 19,7 N N 

18 21,74 16,3 N N 36 27,17 17,9 N Y 

 
  



 
 

Appendix 2. Recorded times for each pike before and 
after exposure 
The times (Time1, Time2, Time3) and number of fails (TotFail) of each numbered pike both before and after exposure. 
Wither they were exposed or not are described with N (no) or Y (yes). The pike rows that are black did not survive and 
were therefore not included in the study. 

Before  After 

Pike Treatment Time1 Time2 Time3 TotFail  Pike Treatment Time1 Time2 Time3 TotFail 

1 N 3 4 8 0  1 N 8 1 1 0 

2 Y 11 37 300 1  2 Y 29 52 0 1 

3 Y 6 57 64 0  3 Y 6 9 89 0 

4 N 2 5 13 0  4 N 11 28 56 0 

5 Y 8 13 19 0  5 Y 6 20 0 2 

6 Y 9 18 164 1  6 Y 17 17 0 0 

7 N 7 53 300 0  7 N 46 138 0 0 

8       8      

9 Y 0 0 300 0  9 Y 0 0 0 0 

10 Y 11 82 300 0  10 Y 4 39 101 2 

11 Y 20 27 61 0  11 Y 79 59 0 0 

12 Y 0 0 300 0  12 Y 80 59 0 0 

13 N 8 5 19 0  13 N 33 14 16 0 

14       14      

15 Y 41 90 300 0  15 Y 0 0 0 1 

16 Y 0 0 300 0  16 Y 11 0 0 1 

17 Y 34 0 300 0  17 Y 9 50 0 1 

18 N 0 0 300 0  18 N 150 0 0 0 

19 Y 29 0 300 0  19 Y 36 21 427 0 

20 N 0 0 300 0  20 N 5 29 156 0 

21       21      

22 N 6 5 94 0  22 N 9 26 45 0 

23 Y 56 0 300 0  23 Y 13 35 0 1 

24       24      

25 Y 24 14 120 0  25 Y 8 14 23 0 

26 N 41 89 44 2  26 N 11 44 408 1 

27 Y 12 26 36 0  27 Y 5 52 120 0 

28 N 38 0 300 0  28 N 9 70 0 0 

29 N 12 16 21 0  29 N 12 48 34 1 

30 Y 12 95 300 0  30 Y 8 117 0 0 

31 Y 0 0 300 0  31 Y 52 103 55 0 

32 N 0 0 300 0  32 N 0 0 0 0 

33 N 44 0 300 1  33 N 0 0 0 0 

34       34      

35 N 0 0 300 0  35 N 7 33 15 0 

36 N 51 14 300 1  36 N 11 18 106 0 
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