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Abstract 

One of the environmental hazards the aquatic ecosystem is faced with today is pollution by 

pharmaceuticals that enter the aquatic system through wastewater from hospitals, 

manufacturing processes and improper disposal by the public. Benzodiazepines are a class of 

anxiolytic pharmaceuticals that have been shown to have behavioral modifying effects on 

exposed biota. The aim of this study was to investigate if exposure to a concentration (40 µg/l) of 

oxazepam (a common benzodiazepine) has an impact on the activity, boldness and sociability of 

Ninespine sticklebacks (Pungitius pungitius) and Threespined sticklebacks (Gasterosteus 

aculeatus). Sticklebacks (n=100) collected from the harbor of Rovögern, Täfteå, were divided 

equally into control and exposed groups. The exposed groups were placed in water containing 

oxazepam (40 µg/l) for seven days and behavioral evaluations on activity, boldness and sociality 

were conducted on each individual pre- and post-treatment. Surprisingly, the results showed no 

significant change in the activity, boldness or sociality in response to oxazepam. However, the 

control fish were less social and showed a trend towards reduced activity in the second 

behavioral test, which may suggest that oxazepam has a behavioral effect on sticklebacks. 

Comparisons between species showed that P. pungitius individuals were less social than G. 

aculeatus in the control treatment after exposure, but they did not differ in boldness. However, 

in the exposed group post-treatment, P. pungitius only showed a trend of being less social than 

G. aculeatus, and they also showed a trend towards being less bold after exposure of oxazepam. 

Key words: Behavioral alteration, oxazepam, Pungitus pungitus, Gasterosteus aculeatus. 
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1 Introduction 

1.1 The occurrence of pharmaceuticals in the aquatic environment  

In the past two decades there has been a growing awareness that pharmaceuticals have entered 

our waters (Corcoran et al. 2010) through metabolic excretion from humans and animals, 

manufacturing processes and improper disposal (Hernando et al. 2006). Pharmaceuticals can 

reach the waste water system through domestic discharge, as well as effluent from hospitals and 

manufactories (Corcoran et al. 2010). Manure from animals that have been treated with 

veterinary medicine and sludge from sewage treatment plants are used as a fertilizer on 

agricultural land. This can contribute to soil contamination and be transported via run-off with 

heavy rain, allowing pharmaceutical compounds to reach surrounding surface and groundwater 

(Santos et al. 2010). Furthermore, removal of pharmaceuticals from waste water in waste water 

treatment plants (WWTP) have previously proven to be insufficient, making WWTPs a major 

source of aquatic environmental pollution (Calisto et al. 2009). Some psychiatric drugs 

demonstrate a high resistance to wastewater treatment and in some cases less than 10 % of the 

contaminating substance is removed (Calisto et al. 2009). 

Anxiolytic pharmaceuticals are a class of psychiatric drugs that are frequently prescribed, and 

the psychotherapeutic group benzodiazepine is the most common of these and used worldwide 

(Calisto et al. 2011). The most relevant substances from this group are the drugs diazepam, 

oxazepam, lorezepam and alprazolam (Calisto et al. 2011). Benzodiazepines are used to treat 

anxiety, amnesia and have a sedative effect in humans (Calisto 2009). A screening of 

benzodiazepines in 30 European rivers showed the presence of one or more of these 

pharmaceuticals in 86 % of the samples (Fick et al. 2017). The benzodiazepines that had the 

highest frequency of detection was oxazepam, present in 85% of the samples with levels up to 

0,61 ng/l (Fick et al. 2017). In Sweden, a screening of surface water from treated wastewater 

effluent detected a concentration of 0.073 µg /l of oxazepam. Similarly, in river Fyris, a 

concentration of 0.058 µg/l oxazepam was detected in the receiving input of treated wastewater 

(Brodin et al. 2013). Due to an ageing population and an increasing accessibility to over the 

counter low-cost pharmaceuticals, the global usage of pharmaceuticals is set to rise (Depledge 

2011). It is predicted that by the year 2050 medicinal usage will more than double (Depledge 

2011).  

1.2 Behavioral alterations  

One problem regarding pharmaceuticals in the aquatic environment is that these chemicals may 

cause an effect at levels lower than toxic concentrations (Klaminder et al. 2014). The exposure to 

oxazepam at concentrations (0,18 µg /l), relevant to those found in Swedish effluence-influenced 

surface water, have been shown to alter the behavior of wild European perch (Perca fluviatilis) 

(Brodin et al. 2013). When perch was exposed to the drug in a laboratory assay conducted by 

Brodin et al. (2013), their activity and feeding rates increased while their sociality was reduced. 

When this study was repeated on a larger scale, by exposing wild perch to oxazepam and 

measuring changes in behavior in both laboratory assays and later again in a lake ecosystem, the 

perch became bolder, more active, used the pelagic habitats more frequently and had a larger 
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home range compared to perch that was not exposed to oxazepam (Klaminder et al. 2017). 

Additionally, the effect of the oxazepam on these behaviors was more obvious in the field study 

than in the laboratory assays due to longer measurement periods in the lake study (Klaminder et 

al. 2016). Another study by Brodin et al. (2017) showed that roach (Rutilus rutilus), just like 

perch, increased their activity and boldness when exposed to a high concentration of oxazepam.   

1.3 The importance of behavior 

An animal’s behavior is of direct importance for an individual’s fitness (i.e. its future 

reproductive output). It is, for example, crucial for a prey to assess the predation risk, which 

usually involves a decrease in activity to minimize the likelihood of encountering a predator. 

However, a decrease in activity can also lead to reduced fitness because of less food intake and a 

lower growth rate (Brodin et al. 2014).  

 

Schooling is a social behavior among fishes and can confuse a visually orientated predator and 

thus reduce the risk of an individual being captured by the predator. If the schooling behavior is 

altered towards less group cohesion, the risk of predation may be increased (Scott & Sloman 

2004). These complex behaviors have been fine-tuned over evolutionary times and an alteration 

due to pharmaceuticals changes the selection pressure which might have consequences on both 

individual and ecosystem levels (Brodin et al. 2013). 

1.4 Potential ecological effects 

Given that fish are known to have an influence on aquatic community structure, and that feeding 

rates have been shown to increase, for instance, perch because of the influence of the 

pharmaceutical oxazepam, it seems likely that pharmaceutic can have an impact also on 

ecosystem-levels (Brodin et al. 2013, Klaminder et al. 2017). Depending on the species affected, 

a change in population dynamics can influence both lower and/or higher trophic levels and the 

impact on the ecosystem probably depends on the trophic level where the change first occurred. 

Increased feeding rate of a secondary consumer on a primary consumer can, for example, have a 

positive effect on the primary producer because of predation release (Brodin et al. 2014). 

Because aquatic and terrestrial systems are connected via resource-flow, like emergent aquatic 

insects, there might be an impact on terrestrial food webs as well. This has been demonstrated 

by bats feeding on emergent aquatic insects at waste water treatment plants (Park et al. 2006).  

1.5 Aim of the study 

The aim of this study is to examine whether the exposure of a concentration (40 µg/l) of the 

anxiolytic benzodiazepine oxazepam in water alters activity, boldness and sociality in ninespine 

stickleback (P. pungitius) and threespined stickleback (G. aculeatus). Based on the effect 

oxazepam has in humans (lower anxiety and a sedative effect), I hypothesize that exposure to 

oxazepam would make the fish more bold (due to less anxiety) which might lead to less schooling 

behavior (lower sociability). Even though oxazepam has a sedative effect on humans, exposed 

fish like roach (Brodin et al. 2017) and perch (Brodin et al. 2013) became more active. My 

hypothesis is therefore that sticklebacks also will increase their activity.     
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2 Material and methods 

2.1 Sampling and housing 

A sample of approximately 150 sticklebacks was collected in the harbor of Rovögern, Täfteå 

using a sweep net. These were transported and kept in a big tank for nine days at the laboratories 

at the Department of Ecology and Environmental Science (EMG) Umeå University to acclimate. 

Every second day, they were fed a mixture of frozen bloodworms from a local pet store and 

zooplankton cultivated at Umeå University.   

 

Twenty-four to twenty-six individuals were randomly collected each day during four days until 

the total experimental sample size was 100 individuals. Sticklebacks used in the experiment were 

kept individually in aquariums (13.5 cm wide, 21 cm long and 12.5 cm high) with 2 l oxygenated 

aged tap water for sixteen hours prior to behavior evaluation. This was done to avoid a possible 

behavioral change due to an interaction with a conspecific.  

To be able to evaluate if behavior changed after exposure to oxazepam, measurements of activity, 

boldness and sociality were done both before and after exposure on all individuals in every 

treatment. Each individual was assigned a number so the result of the behavior evaluation could 

be linked to that individual and treatment. Unfortunately, it was not discovered that it was two 

different species until two thirds of the individuals were evaluated in the first behavior 

evaluation. Because the fish had already been put together with other fishes in its assigned 

treatment, it was not possible to go back and link specie to individual. Fish length was also 

recorded to test for a possible correlation between size and behavior. That was done by taking a 

photograph of the fish and a ruler in its single aquarium. In the image processing program Image 

J the length of the fish was measured by placing a landmark on the tip of the nose and the base 

of the fin and the distance was compared to the distance on the ruler.   

After the first behavioral evaluation individuals were put into one of eight groups; four control 

groups (K1, K2, K3, K4) and four exposed groups (E1, E2, E3, E4) (Figure 1). They were kept in 

plastic tanks with 40 liter oxygenated aged tap water with a 12:12 L:D regime. The temperature 

in the room was +19.8 °C and the tanks were randomly distributed in the room. They were fed 

once a day with frozen bloodworms purchased at a local pet store. Exposed groups were kept in 

water where oxazepam had been dissolved to a concentration of 40 µg/l. In a study by Brodin et 

al. (2013), they exposed perch for seven days in a low concentration (0,18 µg/l) and high 

concentration (9,10 µg/l) and demonstrated that after seven days of exposure the fish exposed to 

low concentration (0,18 µg/l) had accumulated a concentration of oxazepam in their muscle 

tissue comparable to wild fish from the river Fyris. Thus, a seven days drug exposure was 

selected for this experiment, whereupon the behavioral evaluation was repeated.  
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Figure 1. Schematic illustration of method description. Green circles indicates groups of individuals that were split 

into eight different treatments. Blue circles indicates control groups, red circles indicates exposed groups. 

 

In the second behavioral evaluation all the individual specie was noted (Table 1). After the 

second evaluation the fish were euthanized using MS222 and stored frozen for possible analyzes 

in the future. The experiments were permitted by the Ethical Committee on Animal Experiments 

in Umeå (license Dnr: A41-12) 

 

Table 1. Total number of individuals and species in each treatment. K1-4 represent control groups and E1-4 represent 

groups exposed to oxazepam (40 µg /l) for 7 days. 
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2.2 Behavioral evaluations  

2.2.1 Boldness 

To measure an individual’s boldness the fish was introduced to a refuge made of stainless steel (6 

cm long, 6 cm wide and 8 cm high) with a 4 cm wide door that was opened remotely, giving the 

fish access to a novel area (Figure 2a). The novel area was a plastic tank (72 cm long, 40 cm wide 

and 32 cm high) that was well-lit and filled with aged tap water to a depth of 8 cm. The fish were 

given 2 minutes to acclimate when it had been introduced to the refuge. After the acclimatization 

time the door was opened and the time it took for the fish to enter the novel area was recorded 

up to 600 s with a video camera (Figure 2b). Sticklebacks have predators such as larger fish and 

birds and as a fright response hides in covers (Bell & Foster 1994). An assumption is therefore 

that sticklebacks will see the refuge as a safe place and that shy individuals are expected to take 

longer time to enter the area, whereas bolder individuals are expected to enter faster. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Experimental set-up and equipment. a) Refuge med remotely opened door used in boldness evaluation. b) 

Tank with refuge for evaluating boldness, camera recording from above. 

 

2.2.2 Activity and sociality 

Activity and sociality were measured by introducing the focal fish to an aquarium (61 cm long, 31 

cm wide and 37 cm high) that had been separated into two compartments with see-through 

plastic walls (Figure 3). In the smaller compartment there were three conspecifics which the 

focal fish could see but not reach. The shoal of fish was given 20 minutes to acclimate before the 

trials to avoid a behavioral effect on the focal fish from the shoal fish. The aquarium was filled 

 a b 
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with aged tap water to a depth of 7 cm. The bigger compartment, containing the focal fish, was 

divided into fifteen zones where zone one was closest to the shoal and zone fifteen was furthest 

away. The focal fish was introduced to the center of the area and were allowed to acclimate for 2 

minutes after which a video camera was set to record behavior from above. Recording lasted 600 

s after which the fish were returned to its individual aquarium and were allowed to rest 1 hour 

between the boldness and activity/sociality test.  

The analysis of each film was done manually after the behavioral evaluations. A corresponding 

key to the different zones was pushed on the keyboard when the fish entered the zone and a key 

for stop and a key for go was pushed to measure the fish activity. The analysis was carried out in 

Observer 2.0. To get a value of sociability, each zone was given a factor which was multiplied 

with the time the fish spent in each zone. The factors ranged from +8 and -8 (Figure 3) A high 

number indicated a social individual whereas a low number indicated an asocial individual. 

Activity was measured as seconds of fish movement.       

 

Figure 3. Schematic picture of sociality and activity evaluation aquarium. Zone numbers to the left and sociability 

scores to the right. Focal fish were introduced in the middle of the area with the different zones. Shoal fishes were 

introduced in the upper compartment with a see-through plastic wall. A camera from above recorded during 600 s the 

time the fish spent in each zone.     
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2.3 Statistical analyses 

Behaviors were analyzed in a two-way analysis of variance (ANOVA) to test possible differences 

between and within each treatment. A two-way analysis of variance (ANOVA) was also 

performed to test possible variance between and within the two stickleback species. Statistical 

significance was defined as a p-value of <0.05. The data on activity and sociability were normally 

distributed but the data on boldness needed to be log-transformed. All the tests were carried out 

in IBM SPSS Statistics v.22.   

 

3 Results 

3.1 Fish length 

There was no significant difference in fish length between treatments (p = 0.080). 

3.2 Behavioral effects of exposure to oxazepam 

3.2.1 Behavioral change between control groups and exposed groups 

There was no significant difference between control groups and exposed groups in sociality, 

boldness or activity pre-treatment (p = 0.451, p = 0.521 and p = 0.139, respectively) (Figure 4-6). 

There was still no significant difference between the exposed treatments and control treatments 

on sociality, boldness or activity post-treatment (p = 0.888, p = 0.485 and p = 0.156, 

respectively) (Figure 4-6).  

3.2.2 Behavioral change between groups over time (pre- and post-treatment) 

When comparing the control groups pre- and post-treatment, the control groups had become 

less social (p = 0.015) and showed a trend towards being less active (p = 0.059), but there was no 

difference in boldness (p = o.150). In contrast, when comparing exposed groups pre- and post-

treatment, no difference in sociality, boldness or activity was found (p = 0.088, p = 0.108, p 

=0.137, respectively; Figure 4-6).  
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Figure 4. Sociality index of sticklebacks pre- and post-treatment. Sociality index were measured pre [dark bar] and 

post [light bar] exposure. There was no significant difference between control and exposed groups pre- and post-

treatment (p > 0.050). Control groups had become significant less social post-treatment (p = 0.015). Axis values 

indicate sociality, in which a higher number means a higher sociality. Bars indicate standard deviation (n=99). 

 

 

Figure 5. Activity of sticklebacks pre- and post-treatment. Activity were measured pre [dark bar] and post [light bar] 

exposure. There was no significant difference between control and exposed pre- and post-treatment (p > 0.050). 

Control group showed a trend towards being less active post-treatment (p = 0.059). Axis values indicate activity in 

seconds. Bars indicate standard deviation (n=99). 
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Figure 6. Boldness of sticklebacks pre- and post-treatment. Boldness were measured pre [dark bar] and post [light 

bar] treatment. There was no significant difference between control and exposed groups pre- and post-treatment (p > 

0.050). Axis values indicate boldness in seconds. Bars indicate standard deviation (n=99) 

 

3.3 Species-specific effects of oxazepam 

Further analyzes comparing the species showed that in post-treatment, P. pungitius were less 

social than G. aculeatus in the control group (p = 0.001). In contrast, the exposed group of P. 

pungitius only showed a trend towards being less social (p = 0.054; Figure 7). In the control 

group there were no difference in boldness between the species (p = 0.242), but in the exposed 

group, P. pungitius showed a trend towards being less bold than G. aculeatus (p = 0.054; Figure 

8). No differences in activity between species was evident in the control or exposed groups post-

treatment (p = 0.925, p = 0.708, respectively; Figure 9).  
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Figure 7. Sociality index compared between P. pungitius and G. aculeatus post-treatment. Dark bar represents P. 

pungitius and light bar represents G. aculeatus. Axis values indicate sociality, in which a higher number means a 

higher sociality. P. pungitius was significant less social than G. aculeatus in control group (p = 0.001). P. pungitius 

only showed a trend towards being less social in the exposed group (p = 0.054). Bars indicate standard deviation 

(n=99). 

 

Figure 8. Boldness compared between P. pungitius and G. aculeatus post-treatment. Dark bar represents P. pungitius 

and light bar represents G. aculeatus. P. pungitius showed a trend towards being less bold than G. aculeatus in the 

exposed groups (p = 0.054) whereas there was no difference between species in the control groups (p = 0.242). Axis 

values indicate boldness in seconds. Bars indicate standard deviation (n=99). 
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Figure 9. Activity compared between P. pungitius and G. aculeatus post-treatment. Dark bar represents P. pungitius 

and light bar represents G. aculeatus. No differences in activity between species was evident in the control or exposed 

groups post-treatment (p = 0.925, p = 0.708, respectively) Axis values indicate activity in seconds. Bars indicate 

standard deviation (n=99). 

 

4 Discussion 

I hypothesized that the fish would be more active and bolder due to less anxiety and would show 

less social behavior. Surprisingly, in contrast to other studies like Brodin et al. (2013) and 

Klaminder et al. (2016), exposed groups did not change activity, nor did they change their 

boldness or sociality after exposure to oxazepam. In contrast, the control groups showed less 

sociality and a trend towards being less active post-treatment. This suggests that exposure to 

oxazepam had an effect on exposed groups because they did not plastically change their behavior 

over time in the same way as the control groups. Adjusting the behavioral expression according 

to the situation is very important in nature and my results suggest that oxazepam might affect 

stickleback’s potential for behavioral plasticity. An alternative explanation could be that, since 

benzodiazepines, like oxazepam, are used to treat anxiety in humans (Calisto 2009), oxazepam 

might have had a positive effect on exposed individuals by lowering stress levels caused by an 

unnatural habitat (like a laboratory environment) and that exposed fish did not perceive a need 

to change behavior. These results are not consistent with similar studies, where for instance 

perch become more active and less social after exposure to oxazepam (Brodin et al. 2013). It may 

be that the effects induced by oxazepam varies among species, or that observed differences 

among the studies are caused by different evaluation times. My study had a short timeframe of a 

few weeks. A longer timeframe and repeated behavioral evaluations may have detected a 

behavior change. In a study by Klaminder et al. (2016), they concluded that even though the 

effect of exposure could be detected in their laboratory observation it was more obvious in a field 

study, mostly because a longer time period reduces the short-term intra-individual variation, 



 12 

which reduces the overall variation. A reduced variability in the behavioral measurement will 

increase the possibility of detecting treatment effects.  

Other studies have concluded that the behavioral response of exposure to oxazepam can vary 

among species. For example, Huerta et al. (2016) did not find any effect of oxazepam on fathead 

minnows (Pimephales promelas) whereas exposure on perch and roach increased activity 

(Brodin et al. 2017, Brodin et al. 2013). Although all of them studied the effect of exposure to 

oxazepam, the concentration and behavior assays differed, making it difficult to compare the 

studies. In this study, I found a difference in how G. aculeatus and P. pungitius reacted to 

oxazepam exposure. P. pungitius was significantly less social than G. aculeatus in the control 

groups (p = 0.001) whereas in the exposed groups, P. pungitius only showed a trend to be less 

social (p = 0.054). There was no difference in boldness between P. pungitius and G. aculeatus in 

the control groups (p = 0.242). However, P. pungitius showed a trend towards being less bold 

than G. aculeatus in the exposed groups (p = 0.054).  

My results should, however, be interpreted with caution because the first behavior evaluation are 

not species-specific. This is because it was not discovered that it was two different species until ⅔ 

of the individuals had been evaluated, meaning that initially every individual was not identified 

to species. Thus, there is a risk that this difference was present in these groups before exposure 

and that the exposure of oxazepam had nothing to do with it. It is also possible that the fact that I 

had to pool the two species in the statistical analysis of oxazepam exposure might have masked 

behavioral effects on one of the species if the other was un-affected. A new study should be done 

so data from the behavior evaluation before and after exposure can be compared within each 

species. It still seems as there is an interspecies variation in sensitivity to oxazepam and the 

reason why is still unknown. This needs to be investigated further.  

Although there are still a lot of questions regarding how different species react to oxazepam, it is 

evident that important behaviors can be affected by the drug (Brodin et al. 2013, Brodin et al. 

2017, Klaminder et al. 2016), which potentially could have ecological effects. The net ecological 

effect might depend on the species composition in the system. Increased boldness when 

predators are present increases the predation risk, which might lead to higher mortality rates 

and a declining population. However, increased boldness in absence of a predator might lead to 

elevated foraging (Dukatgin 1992), which often leads to faster growth and the potential for an 

increasing population (Brodin et al. 2013).  

An interesting factor in relation to activity that should be further investigated would be to study 

if exposure to oxazepam changes the frequency of activity or swimming bouts in sticklebacks. 

During the manual evaluation of the recorded films I noted that the way the sticklebacks moved 

seemed to change after exposure to oxazepam. Before exposure the fish swam in quick bouts of 

stop and go and often in irregular patterns. After exposure many swam in slower, less irregular 

pattern. It was difficult to get all the stop and go by manually pressing keys on the keyboard, 

especially when the fish moved fast. A program that evaluates the fish movements and speed 

automatically would be advantageous to minimize human errors. It would also be of interest to 

include a novel tank diving test (NT) in the behavior evaluation to get a measurement of stress-

related behavior such as anxiety. Anxiety is of high ecological importance because it affects 
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important variables for survival, such as predation risk and foraging efficiency (Kellner et al. 

2016). A NT dive-test are constructed to measure stress-related behavior such as bottom-

dwelling, which is performed by most species that live in shallow waters and have predators such 

as birds and other fish (Kellner et al. 2016).   

The aquatic ecosystem is faced with pollution by pharmaceuticals that enter the aquatic system 

through wastewater from the public and from hospitals, manufacturing processes and improper 

disposal by the public (Corcoran et al. 2010, Hernando et al. 2006). Benzodiazepines such as 

oxazepam are a class of anxiolytic pharmaceuticals that have been shown to have behavioral 

modifying effects on exposed biota (Brodin et al. 2013, Klaminder et al. 2016). It should be 

noted that a range of different pharmaceuticals can be found in the aquatic environment (Fick et 

al. 2017, Brodin et al. 2014). We know very little about how the “cocktail effect” of different 

pharmaceuticals affects biota. They could have additive or non-additive effects or even neutralize 

each other's effects (Backhouse 2014). Therefore, further research is also needed on how 

different pharmaceuticals affect aquatic life and what effect a mix of the different 

pharmaceuticals has on fish behavior.   

 

4.1 Conclusion 

I hypothesized that exposure to oxazepam would make the fish more bold (due to less anxiety) 

which might lead to less schooling behavior (lower sociability) and increased activity. The result 

did not support my hypothesis. There were no changes in boldness, activity or sociability of the 

exposed fish. However, this study suggests that oxazepam might have the potential to affect 

stickleback behavior since the control fish showed less sociality and a trend towards less activity 

post-treatment whereas exposed fish did not. This indicates that exposure to oxazepam might 

reduce behavioral plasticity in sticklebacks. Another interesting result was that the two species 

seemed to react somewhat different to the exposure to oxazepam and this between-species 

variation needs to be studied further. 
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