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Abstract 
 
Through wastewater entering aquatic environments, aquatic insects are continuously 
exposed to pharmaceuticals including neurologically active antihistamines. The 
antihistamine hydroxyzine has previously been found to lower activity in damselflies and to 
reach 2000 times the concentration of surrounding water in damselfly tissue. The purpose of 
this short-term exposure study was to investigate if hydroxyzine also bioaccumulates in 
dragonflies and if dilute hydroxyzine (362 ± 50, mean ng/l ± SD) have effects on predator-
prey interactions between dragonfly Aeshna grandis and damselfly Coenagrion hastulatum 
larvae, i.e. number of attacks and predation success. Predators and prey were captured and 
exposed during one, three or five days (with controls) before taking part in predation 
experiments; Dragonflies were put in separate containers with six damselflies, they were 
video recorded and attacks and predated damselflies noted during four hours. Tissue 
concentrations of hydroxyzine were analyzed from all dragonflies and a subsample of the 
damselflies showing a mean bioconcentration factor (BCF) of 27 and 7 respectively, 
surprisingly much lower than previous research. There was no difference in attack rate or 
predation efficiency between controls and exposed dragonflies. However, dragonflies exposed 
for five days were found to attack more and capture more prey than dragonflies exposed for 
one day, a change that was not seen in the controls. This confounding factor motivates 
further studies to clarify if hydroxyzine after a period of exposure can have a sublethal effect 
altering foraging and/or predator avoidance traits with the net result of increased predation 
success for dragonflies in the predator-prey interaction between dragonflies and damselflies. 
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1 Introduction 
 
1.1 Background 
Consumption of pharmaceuticals is growing in countries of all income levels (WHO 2011). On 
the Swedish market alone there are about 7600 pharmaceutical products containing around 
1200 unique active pharmaceutical ingredients (Swedish Medical Products Agency 2004). 
Through sewage water pharmaceutical compounds and their metabolites find their way to 
surface waters throughout the world. Drugs enter watercourses continuously making aquatic 
organisms chronically exposed. Little is known about what consequences these biologically 
active compounds might have on ecology and function of aquatic ecosystems (Daughton and 
Ternes 1999, Rosi-Marshall and Royer 2012). 
 
Ecotoxicological testing usually focus on direct mortality or effects of chronic exposure on 
growth and reproduction (Boxall et al. 2012). Acute toxicity is however not as relevant as 
testing for adverse effects from chronic exposure to lower concentrations actually occurring 
in the aquatic environment, usually from ng/l to µg/l. These very low concentrations are 
unlikely to display acute toxicity but drugs are created to be potent in small amounts and can 
still cause sublethal effects lowering fitness (Gunnarsson et al. 2008). Aquatic organisms are 
exposed during several stages of their life cycles and developing systems can be especially 
sensitive to toxic effects (Klaassen 2008) Histological changes, up- and down-regulation of 
genes, biochemical responses and behavioral changes are found at concentrations 
magnitudes lower than those typically used for risk assessments (Boxall et al. 2012).  
 
Very few have studied the behavioral effects of pharmaceuticals in aquatic organisms and 
even fewer have considered the ecological consequences that follow (De Lange et al. 2006). 
There are concerns that behavioral changes might be so subtle that they are difficult to detect 
and over several generations they could have profound effects on population or community 
level, effects difficult to distinguish from natural adaption from other causes (Daughton and 
Ternes 1999). Brodin et al. (2013) have shown that dilute concentrations of the psychiatric 
drug oxazepam have adverse effects on ecologically and evolutionary important behaviors in 
fish. Exposure to the drug leads to increased activity, reduced sociality and higher feeding 
rate in perch (Perca fluviatilis). De Lange et al. (2006) showed that low concentrations of 
fluoxetine and ibuprofen reduce activity of the crustacean Gammarus pulex. Altered activity 
might lead to changes in feeding rate or predator-prey interactions. Increased activity leads 
to higher feeding rate but also increase the risk of being detected by a predator. A lower 
activity can reduce predation risk but also lowers feeding rate (Lima 1998). 
 
Pharmaceuticals created to alter neurological functions, reduce stress, change mood or 
behavior in humans are especially likely to influence behavior also in non-target organisms 
(Fent et al. 2006). This is because many drugs are designed to affect specific protein targets 
at low concentrations. These protein targets can be evolutionary well conserved and 
orthologs to human drug targets are found in even very distantly related non-target 
organisms. The ortholog drug targets do not necessarily fill the same function as in humans 
(Gunnarsson et al. 2008). Antihistamines for example, are H1 and H2 receptor antagonists 
commonly used for treating allergic conditions in humans, but can also interfere with other 
amines including the neuroactive histamines used in nervous systems of animals from 
diverse phyla. (Hashemzadeh-Gargari and Freschi 1992). In invertebrates antihistamines can 
inhibit neurotransmission because histamines work as neurotransmitters (Hoppe et al. 
2012). Known systems were histamines are transmitters in invertebrates are the 
stomatogastric system, which controls movement of foregut and gut (Claiborne and 
Selverston 1983), photoreception (Lundquist et al. 1996) and olfactory system (Wachowiak et 
al. 2002). Hoppe et al. (2012) were the first to show negative effects on invertebrates from 
chronic exposure to low concentrations of antihistamine. Growth and final biomass of 
reproducing adults were lowered by cimetidine in a population of Gammarus fasciatus. The 
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smallest size class in the population completely disappeared, indicating smaller invertebrates 
may be more sensitive to the drug or that the drug might suppress reproduction in adults.  
 
1.2 Bioaccumulation 
This study will investigate bioaccumulation and effects of the sedative antihistamine 
hydroxyzine on the predator-prey interactions between dragonfly and damselfly larvae. 
Bioaccumulation is the increase in concentration of a chemical from surrounding 
environment or diet into an organism over time. If bioaccumulation is high the risk of 
harmful effects increases (Rubach 2010). Odonates were chosen as experimental organisms 
since they are particularly suitable for behavioral studies and it has previously been shown 
that they are negatively affected by various pollutants (Johnson 1991, Campero et al. 2007, 
Van Gossum et al. 2009). Damselfly larvae were recently discovered to bioaccumulate 
strikingly 2000 times the hydroxyzine concentration of surrounding water (Jonsson et al. 
2014).  
 
Odonates, being intermediate predators, might through their prey accumulate already 
concentrated drugs and when they are predated themselves drugs can be biomagnified to 
even higher concentrations in their predator. Through the semiaquatic lifestyle of odonates, 
with an aquatic larval stage and adult terrestrial stage, the possibility arises for accumulated 
pollutants to be transferred also from aquatic to terrestrial food webs (Mogren et al. 2013, 
Jonsson et al. 2014).  
 
1.3 Predator - prey interactions 
Antihistamines have the capacity to modify behaviors of ecological importance in damselflies. 
The antihistamine fexofenadine reduces escape response and hydroxyzine decreases activity 
of damselflies (Jonsson et al. 2014). It can be hypothesized that hydroxyzine by reducing 
activity makes damselfly larvae less at risk of predation, though at a cost of reduced growth 
rate, because while active individuals are more effective foragers they are also easier targets 
for being predated themselves (Brodin and Johansson 2004). Because of this trade-off there 
is a strong selection for predator avoidance, such as sensing predator cues and staying 
immobile under predation risk (Johnson 1991, Brodin et al. 2006). The feeding and growth 
rate of dragonflies may also be affected if their prey reduces activity; dragonflies usually have 
a sit-and-wait strategy, attacking when detecting moving prey instead of actively searching 
for it. Increasing their activity would achieve a higher encounter rate with prey at the cost of a 
higher predation risk if predators are present (Johnson 1991). It is however unknown if the 
net neurological activity of antihistamines affect predator avoidance behavior or predation 
success positively (Jonsson et al. 2014).  
 
1.4 Purpose 
The purpose of this study is to investigate (1) if the antihistamine hydroxyzine 
bioaccumulates in dragonflies and (2) if low concentrations of hydroxyzine affects predator-
prey interactions between dragonfly and damselfly larvae, i.e. number of attacks and 
predation success.  
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2 Materials and methods 
 
2.1 Study organisms 
Dragonfly larvae Aeshna grandis (Odonata: Anisoptera) were collected at three occasions 
during autumn 2013 (23/9, 30/9 and 7/10) from a pond in Röbäcksdalen near Umeå, 
northern Sweden. These larvae were subsequently used as predators in the predation 
experiments. Damselfly larvae Coenagrion hastulatum (Odonata: Zygoptera) were chosen as 
prey and were collected from lake Nydalasjön, Umeå, the same days as A. grandis. All 
animals were kept in a laboratory at Umeå University with a light regime of L:D 13:11 h and 
water temperature 19.2◦ – 20.6◦ C. Larvae were allowed to acclimatize to laboratory 
temperature conditions during one day before being sorted according to size to avoid size 
bias. Size sorting was based exclusively on visually estimated larval size before the 
experiments to reduce the risk for disturbances potentially affecting behavior. After 
completed experiments dragonfly larvae were properly measured: 39 ± 2 mm (mean body 
length ±SD) and a subsample of the damselfly larvae of the visually chosen size-class were 
measured: 13 ± 2 mm (mean body length without dorsal lamellae ±SD).  
 
89 dragonfly larvae were kept individually in plastic containers (9 × 9 × 1o cm) with 0.3 l 
aged tap water. 44 of these larvae were exposed to a low concentration of hydroxyzine (362 ± 
50, mean ng/l ± SD) in the water while 45 larvae were kept in clean water (controls). The 
predicted environmental concentration of hydroxyzine is 120 ng/l which makes the 
concentrations used in the experiment the same order of magnitude as those expected in the 
wild (UCB Pharma Material Safety Data Sheet, 2007). 
 
Damselfly larvae were kept in plastic tanks (12 × 20 × 14 cm) with 26-27 larvae in each tank. 
In total about 950 damselfly larvae, approximately double the amount needed for the 
experiments was collected to cover the potential loss of individuals due to cannibalism 
(Johnson 1991). Half of the damselfly tanks contained 2 l of aged tap water exposed to 
hydroxyzine (362 ± 50, mean ng/l ± SD) and the other half (controls) contained 2 liters of 
clean aged tap water. Damselflies were fed brine shrimp (Artemia salina) ad libitum every to 
every other day. The brine shrimp were not pre-exposed to hydroxyzine. 
 
Odonates were exposed to hydroxyzine during one day (24 h), three days or five days before 
taking part in predation experiment (table 1). For logistic reasons the experiment was split 
into three sets. Control and exposed tanks were placed randomly to avoid potential biases 
from arrangement in the room and their representation in each set was also randomized. The 
dragonflies used in the predation experiment that started after five days were fed one 
unexposed damselfly after three days to avoid critical starvation.  
 
Table 1. Experimental set-up. Treatment of odonates and treatment duration before predator-prey experiments. 
In practice the whole set-up was split into three sets, using a third of the odonates each time. 

Predation experiment Day 1 Day 3 Day 5 

Treatment hydroxyzine control hydroxyzine control hydroxyzine control 

Dragonflies (N) 14 15 15 15 15 15 

Damselflies (N) 84 90 90 90 90 90 

 

2.2 Predation experiment 
Predation experiments were conducted to test if hydroxyzine exposure affected the outcome 
(i.e. mortality risk) of predator-prey interaction between dragonfly and damselfly. The 
experiments took place after one day, three days and five days of predator and prey exposure. 
Each insect only took part in one trial. Experiments were run between 10.30 am and 16.00 
pm. 
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Plastic containers (17 × 17 × 11 cm), containing either 0.7 l of water with or without 
hydroxyzine, were used for the predation experiments, one for each dragonfly larva. The 
containers were smooth plastic with one single piece of plastic building block (3 × 1.5 × 1 cm) 
attached to the bottom parallel to one side, 4 cm towards the middle, for the insects to perch 
on if they wanted (figure 1). Control containers and exposed containers were randomly mixed 
on the table to avoid biases from placement.  
 

 
Figure 1. Container for predation experiment from above. 

 
Each dragonfly larva was put in a plastic cup in the middle of the container for 
acclimatization (40 min) and six damselfly larvae were distributed around it and allowed to 
acclimatize for at least 10 minutes. Damselflies of the most similar sizes with all three caudal 
lamellae intact were chosen for experiments since less lamellae area lowers escape rate from 
predators by decreased swimming speed (Mcpeek et al. 1996).  After acclimatization plastic 
cups were removed from the dragonfly larvae and the predation experiment started. The 
experiments were run during four hours and every hour the number of living damselflies was 
noted.  
 
The predation experiments were video recorded with each camera covering five containers in 
each frame. Predator-prey interactions were analyzed from the films. Latency to each attack 
was noted, attack defined here as extension of the labium, and whether the damselfly was 
eaten or escaped was also noted. One video from a day five recording was excluded from 
analysis because of a broken camera.  
 
All dragonflies and three damselflies from each container were sampled and frozen after 
experiments for subsequent chemical analysis.  
 
2.3 Chemical analyses 
Tissue analyses (full body) were conducted to assess how much hydroxyzine the larvae had 
accumulated. All 89 dragonflies and a subsample of 53 damselflies from different treatments 
including controls were analyzed. 
 
Excess water was allowed to flow off from the larvae, and then they were weighed and put in 
plastic tubes with 50µl of an internal standard, zirconium beads and the solvent acetonitrile 
for extraction. The internal standard is used to get a ratio between the amount added to the 
sample with the amount found in later analysis. This way any lost or not detected fraction of 
the sample can be measured and known also for the hydroxyzine. The samples were 
homogenized four minutes with a “Mini beadbeater”, 3 500 oscillations/minute. The 
zirconium beads are simply for fractioning the larvae when shaken. Then the samples were 
centrifuged during 10 minutes at 14 000 revolutions per minute, forcing particles to the 
bottom of the tubes and the supernatant (liquid part) was collected. More acetonitrile was 
added to the samples, they were shaken and centrifuged as before, the supernatant was again 
collected and combined with the first.  Dragonfly samples went through a third sequence with 
acetonitrile, shaking and centrifuging, because their size left little room for the solvent in the 
tube. However for the damselfly samples 1.5 ml acetonitrile was used each time. 
Supernatants were evaporated, reconstituted with methanol and moved to small vials for the 
final analysis.  
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Instrumentation settings and chromatographic conditions used was the same as in Jonsson 
et al. (2014). Analyses were mad using a Liquid Chromatography−tandem mass spectrometry 
(LC−MS) system, using a triple stage quadrupole MS/MS TSQ Quantum Ultra EMR 
instrument (Thermo Fisher Scientific, San Jose, CA, USA) coupled with an Accela LC pump 
(Thermo Fisher Scientific). 10 µl of the pre-treated sample was loaded onto a Hypersil GOLD 
C18 column (50 mm x 2.1 mm i.d. x 3 µm particles, Thermo Fisher Scientific) with a C18 
guard column (2 mm x 2 mm i.d. x 3 µm particles, Thermo Fisher Scientific). 
 
Hydroxyzine concentrations of water, sampled from the pond and lake Nydalasjön where 
larvae were captured and from 48 of the dragonfly containers at the start of exposure, were 
also measured.  
 
Bioconcentration factors (BCFs) for the dragonflies were calculated by dividing the 
hydroxyzine concentration of each larva by the measured concentration in the water of its 
corresponding container. An average BCF was calculated for the damselflies based on the 
mean hydroxyzine concentration in analyzed water because concentrations in the damselfly 
tanks were not measured (but from the same mixture as analyzed water).  
 
2.4 Statistical analyses  
Data was statistically analyzed in order to detect if predated damselflies, number of attacks 
and latency to first attack differed between different exposure treatments or controls. It was 
also analyzed if any of those factors was dependent on the hydroxyzine tissue concentration 
of the dragonflies and if the tissue concentrations and BCFs of larvae were dependent on 
treatment (exposure time). First data was tested for normal distribution with the Shapiro-
Wilks test for normality. Normally distributed data was tested with ANOVA. Afterwards 
pairwise comparisons were made with Tukey’s post hoc test. If not meeting the parametric 
test requirement of normal distribution, the Kruskal-Wallis test was used instead of ANOVA. 
It was also tested if individual predation success was an effect of number of attacks. For this 
the Pearson Correlation test was used. Results within a 95 % confidence interval were 
considered significant. 
 
 

3 Results 
 
3.1 Bioaccumulation  
The odonates concentrated hydroxyzine from surrounding water, dragonflies more than 
damselflies (table 2). Bioaccumulation of hydroxyzine in dragonflies did not change 
significantly over time and individual variation in uptake was substantial (Kruskal-Wallis test, 
all p ≥ 0.11). The bioconcentration factor (BCF, ratio between water and tissue concentration) 
was 27 ± 19 (mean ± 1 SD) in a subsample of 27 larvae from the different treatments.  
 

Table 2. Bioaccumulation and bioconcentration factor (BCF) from hydroxyzine treatments, in 
                A. grandis and C. hastulatum. 

 N Hydroxyzine treatment Mean ng/g ±  1 SD BCF±  1 SD 

A.grandis 

 

 

 

 

C.hastulatum 

27 

13 

14 

12 

 

18 

1-5 days 

1 day 

3 days 

5 days 

 

1-5 days 

 

8.50 ± 4.43 

12.87 ± 8.53 

10.08 ± 5.02 

 

2.53 ± 0.98 

27 ± 19 

 

 

 

 

7 ±3 

 
There was a significant difference between the BCF of dragonflies exposed for one day and 
three days (Kruskal-Wallis test, p = 0.02) and nearly significant between three days and five 
days (Kruskal-Wallis test, p = 0.08), with day three larvae having the highest BCF (figure 2) 
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and larvae exposed for one or five days had similar BCF. The damselflies had a BCF of 7 ± 3 
(mean ± 1 SD), based on a subsample of 18 larvae, and the mean water concentration (362 
ng/l). Similar to the BCF of the dragonflies the damselflies sampled day three had 
accumulated more than those exposed for one or five days (Kruskal-Wallis test, p = 0.002, 
figure 3). There was no significant difference between damselflies exposed for one or five 
days (Kruskal-Wallis test, p = 0.70).  

 
Figure 2. Hydroxyzine bioconcentration factor (BCF) in dragonfly larvae after  

one, three and five days of exposure. Mean BCFs are 19, 38 and 24. 

 
Figure 3. Bioaccumulation of hydroxyzine in damselfly larvae after 

one, three and five days of exposure.  
 

Hydroxyzine was not detected in the water samples from the pond or lake Nydalasjön where 
the odonates were captured. 
 

Days_1 Days_3 Days_5 

2
0
 

4
0
 

6
0
 

8
0
 

1
0
0
 

Hydroxyzine Treatment 

B
io

c
o
n

c
e
n

tr
a
ti
o

n
 F

a
c
to

r 

Days_1 Days_3 Days_5 

1
.0

 
1
.5

 
2
.0

 
2
.5

 
3
.0

 
3
.5

 
4
.0

 
4
.5

 

Hydroxyzine Treatment 

B
io

a
c
c
u
m

u
la

ti
o
n
 n

g
/g

 



7 
 

3.2 Predator - prey interactions 
Number of captured prey was not correlated with attack-rate (Pearson Correlation test, p > 
0.2). In other words, attacking more does not necessarily make the predator more efficient. 
 
There was a significant increase in number of attacks and predated damselflies over time 
when larvae were exposed to hydroxyzine (table 3, figure 4). The significant differences were 
found between one day of exposure and five days of exposure. Between one day and three 
days the difference was almost significant for predation (Tukey’s post hoc test, p = 0.064). 
Interestingly, no increase over time was seen in the controls (table 4).  
 
Hydroxyzine concentration in individual dragonflies did not affect amount of prey captured 
(ANOVA, p = 0.75), attack-rate (ANOVA, p = 0.38) or time until first attack (ANOVA, p = 
0.51). In addition, these variables did not differ significantly between the control groups and 
hydroxyzine exposed groups (ANOVA, all p ≥ 0.64). 
 
 
Table 3. Multiple comparisons of number of attacks and predated damselflies from different hydroxyzine 
treatments. Bold text are significant or nearly significant results* (Tukey’s post hoc test). 

Dependent 

Variable 

(I) 

Exposure  

days 

(J) 

Exposure 

days 

Mean Difference 

(I-J) 

Std. 

Error 

Sig. 95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Attacks 

1 3 -2,58095 1,41827 ,177 -6,0399 ,8780 

3 5 -1,36905 1,50142 ,636 -5,0307 2,2927 

5 1 3,95000* 1,47814 ,029 ,3451 7,5549 

Predated 

1 3 -1,03810 ,44638 ,064 -2,1267 ,0505 

3 5 -,26190 ,47255 ,845 -1,4144 ,8906 

5 1 1,30000* ,46522 ,022 ,1654 2,4346 

*. The mean difference is significant at the 0.05 level. 
 
 
Table 4. Multiple comparisons of number of attacks and predated damselflies from controls. There is no 
significant difference between controls from different days (Tukey’s post hoc test). 

Dependent 

Variable 

(I) 

Control 

days 

(J)  

Control 

days 

Mean Difference 

(I-J) 

Std. 

Error 

Sig. 95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Attacks 

1 3 -2,26667 1,50492 ,299 -5,9295 1,3962 

3 5 -,95897 1,56173 ,813 -4,7601 2,8422 

5 1 3,22564 1,56173 ,110 -,5755 7,0268 

Predated 

1 3 -,80000 ,47760 ,227 -1,9624 ,3624 

3 5 -,06154 ,49563 ,992 -1,2679 1,1448 

5 1 ,86154 ,49563 ,204 -,3448 2,0679 
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Figure 4. Increasing number of attacks (left) and predated damselflies (right) over time when dragonfly and 
damselfly larvae are treated with hydroxyzine. Increase is significant (Tukey’s post hoc test, p ≤ 0.05) between 
treatment 1 and 3 for both attacks and predated. Treatment 1 = 1 day of exposure, 2 = 3 days and 3 = 5 days. 
 
 

4 Discussion 
 
4.1 Bioaccumulation 
This short-term exposure study revealed that dragonfly larvae bioaccumulate hydroxyzine to 
higher concentrations than surrounding water. Dragonflies also reached higher tissue 
concentrations of hydroxyzine than damselflies in my study. This is not surprising since large 
variations in BCF between species and even within a species are common (Brodin et al 2013, 
Jonsson et al. 2014). A large variation in accumulation was also seen among the individual 
dragonflies. Variations in bioaccumulation between organisms can be due to various reasons 
such as size, surface to volume area, lipid content, mode of respiration, assimilation 
efficiency and toxicant elimination ability etc. (Rubach 2010). Several of these factors can 
help explain the variations in my results. Dragonflies and damselflies differ both in size, 
surface to volume area and have different modes of respiration, damselflies utilizing their 
caudal lamellae as supplements for respiration (Johnson 1991). Through such 
bioaccumulation it might be possible for hydroxyzine to be transported and/or biomagnified 
in both aquatic and terrestrial food webs with the potential risk of increasingly adverse effects 
on higher trophic levels (Rubach 2010, Mogren et al. 2013).  
 
The concentration of hydroxyzine in damselfly tissue in this study is almost 300 times less 
than in a previous study (Jonsson et al. 2014). This is surprising since both studies used 
approximately the same concentration of hydroxyzine in the water, the same damselfly 
species and the same method of tissue analysis. The damselflies analyzed in Jonsson et al. 
(2014) were larger, exposed 40% longer, and in a different season compared to here. 
However, it seems unlikely that those factors can explain the massive difference in 
bioaccumulation. An alternative, more speculative, explanation for the difference between 
studies could be that methodologies somehow differed. The reason for this immense 
difference between studies is still unclear. 
   
Bioaccumulation is increasing concentrations of a chemical over time in an organism 
(Rubach 2010). However an increase over time was not observed in my study. Probably the 
concentration in the odonates increased during the first day and then reached a more steady-
state in equilibrium with the water concentrations of hydroxyzine. Instead the highest 
bioconcentration factor occurred in the third day for both species, remembering that this 
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factor is uncertain in the damselflies since BCFs were calculated from the average water 
concentration and could have differed between containers. Perhaps the hydroxyzine 
concentration the water decreased with time, creating a trade-off between exposure time and 
decreasing concentration of the drug in water with the bioconcentration peek day three 
before descending. This is speculations since water concentrations from the end of exposure 
have not yet been analyzed. Dragonflies used in predation experiments day five were fed 
unexposed food during day three, which might help explain the lower concentrations on day 
five. However, this reason seems unlikely since the continuously fed damselflies showed the 
same hump-shaped BCF-pattern. A more likely reason for decreasing hydroxyzine 
concentrations in the water is photodegradation, hydroxyzine is indeed sensitive to light 
(Swedish Medical Products Agency, 2013).  
 
4.2 Predator - prey interactions 
No statistically significant difference in attack rate or predation success was found between 
dragonflies exposed to dilute hydroxyzine and controls. However, it was discovered that 
dragonflies exposed to hydroxyzine for five days attack more and capture more prey than 
dragonflies exposed for one day. A tendency towards more prey capture was seen also after 
three days compared to after one day. This change is a confounding factor since it was not 
seen in the controls, and motivates further studies to disambiguate if hydroxyzine after a 
period of exposure can induce a sublethal effect on dragonflies and/or damselflies strong 
enough to alter foraging or predator avoidance traits. The design of this study makes it 
difficult to distinguish increased hunger over the experimental period from potential effects 
of hydroxyzine, nevertheless I will discuss possible ecological effects from and causes to a 
potentially increased attack rate and predation success.  
 
Both predation among larval odonates and fish predation are strong interactions affecting 
odonate populations and have led to morphological and behavioral adaptations to co-exist 
with different predators (Johnson 1991). For example Enallagma species (Odonata: 
Zygoptera) from fishless lakes with dragonfly top predators have wider abdomens, larger 
caudal lamellae and longer legs making them more successful at swimming away from 
dragonflies than Enallagma species from lakes with fish as top predators (McPeek 1995). In 
contrast Enallagma from lakes with fish are less active, display less and move slower than 
Enallagma from fishless lakes. Enallagma rarely escape once detected by fish, making the 
cost of activity to predator avoidance high compared to lakes with dragonfly top predators 
from which damselflies often can swim away when detected. Enallagma from lakes with fish 
does not even try to escape attacking dragonflies (McPeek 1990). Thus, behavior suitable for 
co-existing or avoiding one predator can increase vulnerability for another. If dragonflies 
capture more prey in natural systems, as they did when exposed for more than 3 days in this 
study, they would probably also be more susceptible to being predated (Johnson 1991). Also, 
since number of captured prey was uncorrelated with attack rate, the higher attack-rate 
observed in exposed dragonflies would not necessarily benefit the individual dragonfly but 
the net energetic outcome would depend on the relationship between the cost of attacking a 
prey and benefit of prey capture. If fish are top predators in the system the cost of increased 
foraging activity could be high compared to if dragonflies are top predators (McPeek 1990). 
The predators gaining advantage of this increased foraging activity would be primarily fish or 
larger dragonflies (Johnson 1991). Higher feeding rate of odonates would however increase 
growth performance in surviving individuals and bring the advantage of larger size and/or 
earlier time of emergence as adults, important factors for reproductive success (Moore 1990, 
Brodin and Johansson 2004). There is currently no information regarding how/if 
reproduction or emergence is affected by the drug but a recent study showed a potentially 
lowered reproductive ability of a crustacean due to another antihistamine (Hoppe et al. 
2012). If reproductive ability would be affected the net reproductive success might be lower 
despite a potential increase in growth performance/ earlier time of emergence.   
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Hydroxyzine might affect predator and/or prey in different ways, possibly changing the 
prerequisites in the interaction between them. This study shows the outcome of all those 
effects on attack rate and prey capture.  A previous study showed that hydroxyzine lowers 
activity in larval damselflies, though hydroxyzine concentration was higher in those larvae 
compared to the ones in this study (Jonsson et al. 2014). Opposite to the result from this 
study, one might expect a lower mortality under drug exposure since less active specimens 
are subject to a lower predation risk (Brodin and Johansson 2004). Since this is not the case 
here, it is possible that hydroxyzine may cause other effects on predator avoidance or 
predation effectiveness. Hydroxyzine might have a calming effect, reducing stress and 
making larvae more prone to forage instead of staying inactive as response to the presence of 
a predator. In humans hydroxyzine is indeed used as a sedative (Swedish Medical Products 
Agency 2013). Here one could imagine that a calming effect of the drug would increase 
boldness and make the first predation attack happen earlier in the trial. However, I found no 
effect of exposure on latency to first attack. If there were changes they were too small to 
detect with this number of replicates and the amount of individual variance occurring.  
 
Another factor influencing predator avoidance and foraging success that might be affected is 
chemical detection. Damselfly larvae have the capability to sense the chemical cues of a 
conspecific being eaten by a dragonfly and lower activity and foraging according to assessed 
risk (Brodin et al. 2006). Taste and olfaction are related to chemoreception and the olfactory 
system in invertebrates uses histamines as neurotransmitters which mean some 
antihistamines can act as antagonists (Wachowiak et al. 2002, Crespo 2010).  
 
Hunger is of course an obvious factor influencing foraging activity. In addition to increased 
hunger over the experimental period, larvae exposed to hydroxyzine may have higher 
energetic needs than the controls as a response to upregulated detoxification processes 
induced by the pollution and therefore need to forage more (Janssens and Stoks 2012). 
 
4.3 Conclusions 
Dragonfly and damselfly larvae accumulate higher concentrations of hydroxyzine than 
surrounding water (BCF 27 ± 19 and 7 ±3 respectively, mean ± 1 SD). My results differed a lot 
from previous research of bioaccumulation in the same species of damselfly. This and 
variations in bioaccumulation not explainable by exposure time is puzzling and opens the 
question about what other factors are involved in the bioavailability of hydroxyzine. 
 
No difference was found in attack rate or predation success between the dragonflies exposed 
to dilute hydroxyzine and the unexposed controls. Still, within the exposed group attack rate 
and predation success increased over time. Since this pattern was not found in the controls 
further studies on hydroxyzine are motivated. It is a well-known fact that predation can have 
major impacts on prey population dynamics and entire ecosystems (Lima 1998) and it is 
important to clarify if dilute concentrations of a pharmaceutical commonly found in 
watercourses show effects on predation. 
  
The fact that this study only studied the effects of one drug during a few days suggests that it 
underestimates the effects of chronic exposure and makes it hard to predict ecological 
consequences in the wild. Also, in the face of chronic exposure of a mixture of hundreds of 
pharmaceuticals through several developmental and trophic stages with bioaccumulation, 
although at lower concentrations, predicting the ecological outcome is close to impossible.  
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