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Abstract 
 
Chemical pollutants are one of the main threats against biodiversity and chemicals affecting 
non-target organisms are of great environmental concern. The herbicide triclopyr is 
commonly used to keep weeds under control and is believed to be weakly toxic to animals 
and only lethal in high doses. However, the knowledge of possible sub-lethal behavior effects 
in low doses is scarce. This study investigates whether the wood ant (family Formica) show 
behavioral changes when exposed to sub-lethal doses of triclopyr. The main hypotheses 
tested were; i) ants behaving normally show a preference for dark surfaces (i.e. scototaxis); 
and ii) triclopyr affect this behavior trait among ants. The hypotheses were tested by exposing 
ants to diets containing 1, 10 and 100 mg/L triclopyr for 24 hours (acute) and 7 days 
(chronic). To what extent ants preferred the white surface (proportion of frames with the ant 
visible), their activity (proportion of speed above 1 mm/s) their exploration (proportion area 
covered) and their average velocities was measured using a newly developed tracking 
software (ToxTrac). The results clearly show that ants have preference for dark surfaces and 
thus, that the first hypothesis is valid. However, the second hypothesis appear invalid as the 
different exposures to triclopyr did not affect the examined behaviors. Based on the results, 
triclopyr appear to not affect non-target organism such as ants, although possible behavioral 
effects in other organisms and other behavioral traits cannot be excluded.  
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1 Introduction 
 
Chemical pollution is described as one of the nine planetary boundaries that should not be 
transgressed to maintain a sustainable state on Earth. However, this boundary in not 
determined due to the large amount of chemicals (estimates 80 000–100 000 chemicals on 
the global market) and the unknown effects of combining them (Rockström et al. 2009). 
Pollution of the environment is also listed as one of the primary threats to animal populations 
by the World Wide Fund for Nature [WWF] (2014). One potential pollutant is pesticides 
affecting non-target organisms, either directly or indirectly (Fleeger, Carman and Nisbet 
2003). In agriculture and the forestry industry pesticides are commonly used to control pests 
and keep crops from being destroyed by pathogens and pests (Kemikalieinspektionen 2016). 
The use of pesticides is expected to increase due to climate change and a potential change in 
the distribution of pests (Rockström et al. 2009). Non-target organisms may be affected by 
exposure to these substances, though the effects might not only be expressed as increased 
mortality. Physiological or behavioral changes, known as sub-lethal effects, have been shown 
for various organisms such as fish (Moore and Waring 2000, Brodin et al. 2014), rodents 
(Dell’Omo et al. 2002), birds (Fry 1995) and arthropods (Desneux, Decourtye and Delpuech 
2007). Lately, studies on the sub-lethal effects of various contaminants and their ecological 
consequences have received great attention (Fleeger, Carman and Nisbet 2003, Desneux, 
Decourtye and Delpuech 2007, Brodin et al 2014). A review on sub-lethal effects of pesticides 
in arthropods divides them into physiological and behavioral effects (Desneux, Decourtye 
and Delpuech 2007). Larval development, adult longevity, fecundity and sex ratio are 
examples of physiological traits that may be affected by pesticides. The behavioral effects are 
for example mobility, navigation, feeding and oviposition behavior and learning (Desneux, 
Decourtye and Delpuech 2007). Altering the behavior or physiology in a species may affect 
the species fitness and lead to a trophic cascade (Fleeger, Carman and Nisbet 2003, Brodin et 
al. 2014).  
 
Given the importance of behavior for the fitness of an organism, it is of concern that 
behavioral endpoints are not typically measured when doing risk assessments for chemical 
substances. For example, effects of pesticides are typically screened using acute and chronic 
toxic tests (i.e. test measuring mortality effects) before they are approved by the United 
States Environmental Protection Agency/Office of Pesticide Programs [US EPA/OPP] and 
introduced to the United States market (Durkin 2011). One example of a chemical that has 
been introduced to the market without testing of potential behavioral effects is triclopyr acid, 
which was approved by the US EPA/OPP to use in the United States in 1979 and by the 
European union to use in all member states in 2006 (US EPA/OPP 1998, 
Kemikalieinspektionen 2012). The European union’s approval for triclopyr is valid between 1 
June 2007 to 31 May 2017 (Commission Implementing Regulation (EU) No 540/2011). 
Triclopyr is currently not approved by the Swedish Chemicals Agency to use in Sweden 
(Kemikalieinspektionen 2012). Triclopyr acid is the active substance found in the herbicides 
Garlon 3A, Garlon 4 Ultra, Pathfinder II and Capstone which are used to control woody and 
broadleaf plants (Ganapathy 1997). These herbicides are based on the molecules 
triethylamine salt (TEA) and butoxyethyl ester (TBEE) which rapidly converts to triclopyr 
acid in water, TEA in seconds and TBEE in less than a day (Ganapathy 1997). Triclopyr acid 
affects the plant by imitating the growth hormone auxin, giving the plant an overdose leading 
to uncontrolled growth and death of the plant (Ganapathy 1997, Durkin 2011).  
 
So far, ecological risk assessments for triclopyr have been conducted using honey bees as the 
model organism for terrestrial invertebrates (Durkin 2011). Honey bees have been tested for 
48-hours acute exposure of triclopyr acid and triclopyr TEA and the LD50 (lethal dose where 
50 % of the population dies) was determined to be greater than 100 µg/bee for both 
compounds. Based on these findings, triclopyr acid and triclopyr TEA have been classified as 
relatively non-toxic to honey bees by the United States Environmental Protection Agency 
[U.S. EPA] (Nation, Kosalwat and Craven 1991, US EPA/OPP 1998). On the other hand, in 
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Ganapathy (1997) the value for triclopyr acid LD50 on honey bees is specified as 60.4 µg/bee. 
The 48-hour acute exposure LD50 for triclopyr BEE is determined to >72 µg ae/bee and have 
been classified as moderately toxic to honey bees (US EPA/OPP 2009). Based on these 
results, the U.S. EPA does not expect insects to be negatively affected of the use of triclopyr 
(U.S. EPA/OPP 1998). Here, 620 mg/kg body weight is used as the hazard quotients for 
honey bees and other herbivorous insects in scenarios as direct spray of or drift onto an 
insect during application of the herbicide, or consumption of contaminated vegetation 
(Durkin 2011). Yet, how representative bees are for other invertebrates are unknown. 
 

1.1 Aim of the study 
The aim of this study is to determine whether triclopyr causes behavioral changes in the 
wood ant (family Formica). The main hypotheses are; i) ants behaving normally show a 
preference for dark surfaces (i.e. scototaxis); and ii) triclopyr affect this behavior among ants. 
The hypotheses were tested by investigating the behavior of unexposed ants and ants exposed 
to triclopyr within an artificial arena. 
 
 

2 Material and method 
 
2.1 Determination of triclopyr dosage 
The dose of triclopyr given to the ants in the experiment was based on the LD50 for triclopyr 
acid on honey bees given in Ganapathy (1997). Based on LD50 = 60.4 µg/bee and the 
assumption that a bee weighs 0.1 gram and an ant 0.002 gram the LD50 for ants were 
calculated to 1.24 µg/ant. This gives a concentration of 12.4 mg/L. Since it is not certain that 
the ant consumes the whole dose given or that it dies at LD50 the concentration of 1, 10 and 
100 mg/L were chosen. The ants were feed an aqueous solution of D (+)-Glucose anhydrous 
mixed so that it consisted of 20 % glucose. Triclopyr acid was added to the glucose solution 
until the concentrations 1, 10 and 100 mg/L triclopyr were reached. To get the triclopyr to 
dissolve in the glucose solution, ethanol had to be added, resulting in the solutions containing 
0.005 %, 0.05 % and 0.5 % ethanol respectively. Ethanol was also added to the control until 
the concentration of 0.5 % were reached to resemble the solution with the highest 
concentration of triclopyr.  
 
2.2 Acute and chronic exposure  
Worker ants were collected on two occasions in two separate locations near Umeå University 
in late March. Two weeks passed between the acute and chronic experiments, therefore new 
ants were collected. The assumption was that the ants were of the same species in both 
locations. Both colonies were located close to a motor highway. Parts of the ant mound were 
excavated using a shovel and placed in a plastic box. The whole box was placed in a cold 
(+5◦C) storage room for storage before ants were picked out for the experiment. For the acute 
exposure, single ants (n=80) from the first mound were placed in petri dishes (9 cm in 
diameter). Before the ants were picked out from the box, the whole box was placed in a 
freezer (-18◦C) for 10-15 minutes to make the ants slow and manageable. The ants were 
divided into four groups (n=20); one control group and one each for the concentrations 1, 10 
and 100 mg/L. The petri dishes were marked with serial number, the concentration the ant 
was exposed to, time for exposure and time for filming. The whole experiment was performed 
in room temperature. The ants in the chronic exposure were handled in the same way as in 
the experiment for acute exposure, with the exception that they were from the second mound 
and three ants were placed in each petri dish (n=240). The ants were fed by placing a drop of 
10 µL glucose solution in the petri dish. The ants in the acute exposure were fed in groups of 
20, 24 hours before filming: at 9:00, 10:30, 13:00 and 14:30. The ants in the chronic 
exposure were fed at 10:00 for seven days. One ant from each petri dish was filmed 24 hours 
after the last feed. That is, n =20 in each group. 
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2.3 Filming and analysis in ToxTrac 
After exposure, the ants were filmed with the program FlyCap2 2.9.3.11 – Point Grey 
Research Grasshopper3 GS3-U3-41CGNIR (15355949) for 13 minutes in an artificial arena. 
The arena consisted of a square box made of opaque glass (fig. 1). The box measured 55*55 
cm and the walls were four cm high. The box was divided into four 26.5*26.5 cm squares. 
Hence four ants could be filmed at the same time. The arena was placed on a light table which 
lit up the arena from below. Between the arena and the light table a piece of black plastic was 
placed, making half of each square appear dark. The arena was filmed straight from above. 
Two pieces of glass panes were placed as a lid over the arena, keeping the ants from escaping 
during filming.  
 
The software program ToxTrac (Rodriquez et al. 2017) was used to analyze the films. The ant 
got three minutes to acclimatize to the new environment, consequently the film was analyzed 
from minute 3 to 13. In ToxTrac the speed, activity, visibility and exploration of the ants in 
the white area of the arena were analyzed; the speed is reported as the average speed given in 
mm/s, the activity is the proportion of speed values above 1 mm/s, the visibility of the ant is 
the proportion of time spent in the white area and the exploration is the proportion of 
squares visited by the ant when the white area was divided into 1250 squares. ToxTrac only 
analyzes the white area of the arena. 
 

Figure 1. To the left a schematic picture of the scototaxis arena (observe that the image is not to scale). To the right 
a photo of the arena with the light table turned off. 

 
2.4 Statistical analyzes 
The data was considered normal distributed after visual inspection of the data, i.e. residual 
plots. The mean value and 95% confidence interval of the ants’ visibility was used to 
determine whether the ants prefer dark surfaces. A two-way ANOVA was used to determine 
whether there was a difference in behavior traits between the different treatments and 
control, and if this was correlated to the time exposed. The ants who were in the black area 
during the whole film were given the value 0 (zero) as visibility and exploration (see 
appendix). When analyzing speed and activity those individuals were ignored. A one-way 
ANOVA was used to determine whether the different doses of triclopyr influenced the 
mortality in the chronic exposure. 
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2.5 Determination of ant species 
After the experiments were performed the ants were identified to species to test the 
assumption that they were of the same species. An identification key for Swedish ants written 
by Douwes (1995) and a stereomicroscope were used in the identification. 
 
 

3 Results 
 
In both the acute and the chronic exposure several ants died during the treatments (total 
mortality 158 of 320 ants = 49%). Notable, the triclopyr treatments (1, 10 and 100 mg/L) had 
no significant effect (F2,24 = 0.473, p = 0.70) on the measured mortality in the chronic 
exposure. There were also some technical problems during the recording of the acute exposed 
ants, resulting in the removal of four unusable films. The final number of analyzed ants in 
each treatment is shown in Table 1.  
 
Table 1. The number of analyzed ants in each treatment.  

Treatment Control 1 mg  10 mg 100 mg Total 

Acute 12 14 13 11 50 

Chronic 15 17 16 13 61 
 

In line with the first hypothesis, the ants prefer to be on the black area of the arena. All ants, 
regardless of treatment and exposure time, spends less than 50 % of the time in the white 
area (fig. 2). The 95% confidence interval lies within 0-50 % visibility for all treatments and 
that indicates that the ants systematically spend their time on the dark side of the scototaxis 
arena. In other words, the ants show scototaxis and the first hypothesis is considered valid. 
 

    
Figure 2. The mean values of the visibility (%) in the white area of the arena. All the exposed ants in the acute and 
chronic treatment are represented together in one bar each. Error bars show 95% confidence interval.  
 
In contrast to the second hypothesis, no significant (p> 0.183) effects of the triclopyr 
treatments were noted for the measured behavior traits, i.e. visibility, exploration, speed or 
activity (fig. 3). However, the time exposed had a significant effect on visibility (F1,3 = 6.575, p 
= 0.012), exploration (F1,3 = 30.988, p < 0.001) and average speed (F1,3 = 6.035, p = 0.016). 
The acute ants exposed ants were more visible in the white area, had a higher proportion 
areas explored and a higher average speed compared to the chronic exposed ants.  
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Figure 3. Results from the analyze in ToxTrac. Black bars represent the acute (24 hours) exposed ants and white 
bars the chronic (7-days) exposed ants. (A) Proportion (%) of time spent in the white area of the arena. (B) 
Proportion (%) of explored areas in the white area of the arena. (C) Average speed (mm/s) of the ants when in the 
white area of the arena. (D) Average activity, i.e. proportion (%) of speed values above 1 mm/s. Error bars 
represent ± 1 SE. 

 
However, connecting the observed difference in behavior traits to the different exposure 
times was not straightforward as the species determination showed that the two used sub-
sets of ants in the acute and chronic exposures consisted of different species. The ants were 
identified to the family Formica in both mounds, but in the acute exposure the ants were 
identified to F. lugubris, while the chronic exposure ants were identified to F. polyctena. The 
difference in species was motivated by the greater amount of body hair on F. lugubris 
compared to the almost bald F. polyctena. Hereafter, the species will be referred to as these. 
 
 

4 Discussion  
 
The results show that the ants, regardless of triclopyr treatment or species, spends less than 
50 % of the time in the white area of the arena. Their preference of the black area indicates 
scototaxis. Even though this behavior has, to the author’s knowledge, not previously been 
described for the studied wood ant species, the result was expected due to the knowledge of 
other multiple organisms showing scototaxis; the sand hopper Talitrus saltatory (Scapini 
1997), the camel tick Hyalomma dromedarii (Kaltenreider 1989), various fish such as the 
zebrafish Danio rerio, the goldfish Carassius auratus, and the guppy Poecilia reticulate 
(Maximino et al. 2009) as a few examples. Also, a recent study made on the carpenter ant 
Camponotus pennsylvanicus, which shows that C. pennsylvanicus use scototaxis and edge 
orientation when trying to escape after falling into water (Gora, Gripshover and Yanoviak 
2015), strengthened the hypothesis that ants would show scototaxis. Indeed, scototaxis offers 
a great potential in behavior assays. Maximino et al. (2010) describes how to conduct 
behavior tests by evaluating a fish's scototaxis and the evaluated behavior can be considered 



 

6 
 

as a measure of anxiety, which appears as the best explanation also for the preferences of the 
ants to be attracted to dark surfaces. The result that ants show scototaxis can be useful in 
developing such behavioral tests for insects. Behavioral studies are important to determine 
the toxicological effects of various contaminants (Melvin and Wilson 2013). Compared to 
studies assessing lethality, reproduction and development, behavioral studies are more 
sensitive and takes less time to perform (Melvin and Wilson 2013). Klaminder et al. (2016) 
argue that laboratory studies on fish behavior can be used to predict ecological consequences 
in natural environments. Probably, behavioral studies on insects will work the same way. 
Desneux, Decourtye and Delpuech (2007) lists several behavioral changes as sub-lethal 
effects in insects but none of them concern scototaxis. Since the interest in sub-lethal effects 
such as behavioral changes are growing, developing a behavior tests by evaluating an insect’s 
scototaxis, might be the next step in ecotoxicological science. 
 
The triclopyr treatments did not affect the studied behaviors of the ants in contrast to the 
second hypothesis. This is in line with the U.S. EPA who classified triclopyr acid as non-toxic 
to bees and other invertebrates (US EPA/OPP 1998). Brodin et al. (2014) lists five behavioral 
traits of importance for a species fitness. Two of them are activity and exploration, which are 
investigated in this study. A change in exploration and activity would have a direct effect on 
dispersal/migration, feeding rate and predator avoidance. Sociality is also listed as one of the 
five behavioral traits important for fitness and has a direct effect on cooperation, mating 
success and parental care in addition to what was mentioned earlier (Brodin et al. 2014). Ants 
are eusocial with a complex relationship between the queen and her offspring and colonies 
may contain thousands to millions of individuals (Hölldobler and Wilson 1990). The 
individuals of an ant colony are divided into numerous casts with specific division of labors, 
such as taking care of eggs and larvae, feeding the queen, handle nest material and forage 
(Hölldobler and Wilson 1990). What labor an ant perform depends either on its age or its 
physical features, known as age polyethism and worker polymorphism (Robinson 1992). The 
ants communicate with each other using a complex system of pheromones and body contact 
and the workers of different casts respond to different kinds of stimuli depending of what 
task they will perform (Hölldobler and Wilson 1990, Robinson 1992). In this study, single 
ants were investigated without considering their cast and no ants were interacting with each 
other. In further studies on triclopyr and ants, one should consider investigate potential 
effects on the ants’ social behavior to be sure triclopyr is completely harmless. One should 
also be considering performing the experiment under a longer period. Due to lack of time for 
this experiment, the acute and chronic exposure times are relatively short. 
   
So why did the ants in the acute and chronic exposures differ in behavior? The results show 
that the acute exposed ants have a higher visibility, exploration and average speed due to the 
time spent in the petri dish and not due to the triclopyr treatments. Several possible 
explanations for this difference exist. First, the use of different ant species might have 
contributed to the result. The ants for the experiment were collected from two mounds in two 
different occasions. This resulted in the ants in the acute exposure being F. lugubris and in 
the chronic exposure F. polyctena. The ants in the chronic exposure were noticeably smaller 
than the ants in the acute exposure. Workers of F. lugubris are 4.5-9.0 mm in body length 
and workers of F. polyctena are 4.0-8.5 mm (Collingwood 1979). Longer legs and a larger 
body will have a great impact on the speed. A second explanation for the difference in 
behavior between the acute and chronic exposures relates to difference in food intake, where 
ants in the chronic exposure received food (glucose) for a much longer period prior the 
experiments. Jeschke, Kopp and Tollrian (2002) argue that most animals digest their food 
slower than they collect it. When the animals feel saturation, they spend the time resting 
instead of foraging. With increasing prey density, the foraging time decreases (Jeschke, Kopp 
and Tollrian 2002). For example, hungry mosquitofish (Gambusia holbrooki) had a 
significant higher mean speed and explored the experimental arena significantly more than 
satiated fish (Hansen, Schaerf and Ward 2015). The ants in this experiment were collected 
early in spring before they woken up from their winter dormancy. No ants were visible on the 
ant mound when they were collected. During winter the woods ants’ main food source, aphids 
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and honey-dew, are not available and they live on body fat when they are active (Sorvari, 
Haatanen and Vesterlund 2010). The food the ants got in the experiment was the first they 
had in several months. A reason why the acute exposed ants would be hungrier when filming, 
could be the fact that F. lugubris is slightly bigger and possibly needs more food to feel 
satiated than F. polyctena. Possibly 10 µL of sugar solution is not enough to make F. lugubris 
feel satiated after starving during winter. F. polyctena got seven doses of 10 µL in seven days, 
and that could make it feel more satiated compared to F. lugubris. The ants in the chronic 
exposure did not eat all the food given to them. In some of the petri dishes drops of sugar 
were left when the exposure time was over and the ants were filmed. This is an indication of 
the ants being saturated and could explain why they did not explore the arena or had the 
same speed as the acute exposed ants. This would also explain the higher visibility for the 
acute exposed ants: when the ants explore the whole arena in a higher extent, they will 
consequently have a higher visibility in the white area too. For both the acute and chronic 
exposed ants, 24 hours had passed since the last feeding before they were filmed. However, 
there was no significant difference for the activity between the species. Activity was measured 
as the proportion of speed values above 1 mm/s. The average speed of all ants is well above 1 
mm/s and as soon as the ant moves it is faster than 1 mm/s. This explains the even results for 
activity. 
 
With and without triclopyr in the solution given, 49 % of all the ants died during the 
experiment. Not included are the ants who died before they were fed at all. The results show 
that the triclopyr treatment did not affect the mortality of the ants. When the ants were 
picked out and placed in petri dishes they got very stressed and angry and some ants died 
within an hour. Ants are social insects with a pronounced altruistic behavior with workers 
and soldiers known to sacrifice themselves when foraging and defending the mound 
(Hölldobler and Wilson 1990). A combination of being low of energy after the winter and 
getting very stressed and angry could be a reason why so many ants died. Some ants also died 
during the experiment because they got stuck in the sugar solution. In further studies on ants 
one should consider collecting them in the summer and feeding them in another way to 
minimize the risk of ants dying during the experiment. 
 
4.1 Conclusion 
The results in this study show that wood ants (family Formica) exhibit scototaxis and the 
knowledge could be used in developing behavioral studies for insects. Furthermore, the 
results indicate that triclopyr does not influence the studied behaviors traits (visibility, speed, 
activity and exploration) although one should consider studying the ants’ social behavior 
before drawing the conclusion that is completely safe to use. Wood ants are just a small part 
of the insect society and one should not exclude possible behavioral effects in other insects. 
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6 Appendix 
 
6.1 Data acute exposure 

Acute - 24 h 
    Visibility (%) Control 1 mg 10 mg  100 mg 

 
19,06% 13,91% 53,01% 0,00% 

 
99,99% 26,80% 5,34% 87,44% 

 
5,65% 5,05% 2,40% 12,37% 

 
39,08% 17,92% 5,43% 56,76% 

 
24,37% 38,01% 99,99% 10,02% 

 
9,11% 0,00% 0,35% 0,00% 

 
23,09% 47,07% 4,52% 16,28% 

 
40,79% 40,59% 29,57% 85,15% 

 
32,30% 42,71% 37,07% 34,61% 

 
12,45% 67,49% 0,00% 43,95% 

 
13,77% 35,76% 50,34% 20,41% 

 
9,08% 31,85% 14,57% 

 

  
99,98% 39,37% 

 
  17,25%   

Acute - 24 h 

    Exploration (%) Control 1 mg 10 mg  100 mg 

 
25,96% 23,53% 0,24% 0,00% 

 
0,16% 17,47% 12,82% 11,51% 

 
4,08% 5,39% 10,69% 22,61% 

 
37,63% 41,71% 6,12% 3,27% 

 
17,63% 33,88% 0,08% 12,32% 

 
10,94% 0,00% 0,08% 0,00% 

 
35,59% 4,65% 10,45% 21,55% 

 
8,40% 29,55% 38,78% 15,43% 

 
43,92% 56,73% 53,57% 34,37% 

 
16,16% 9,85% 0,00% 41,06% 

 
15,76% 54,53% 21,22% 30,94% 

 
16,82% 45,22% 12,98% 

 

  
0,82% 22,04% 

 
  42,53%   

Acute - 24 h 

    Speed (mm/s) Control 1 mg 10 mg  100 mg 

 
90,54 84,44 0,49 0,00 

 
1,01 85,67 109,41 6,64 

 
32,09 51,80 162,43 75,89 

 
93,57 147,48 147,65 4,64 

 
41,98 101,21 0,83 82,34 
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62,15 0,00 10,04 0,00 

 
175,92 10,23 101,15 122,58 

 
18,70 60,31 108,56 10,80 

 
124,99 156,85 123,08 49,61 

 
107,42 8,17 0,00 116,23 

 
111,68 179,35 26,18 87,54 

 
74,46 84,97 70,70 

 

  
1,51 57,75 

 
  194,92   

Acute - 24 h 

    Activity Control 1 mg 10 mg  100 mg 

 
89,91% 86,77% 17,44% 0,00% 

 
34,07% 91,90% 95,90% 32,59% 

 
83,35% 91,87% 78,57% 78,71% 

 
60,33% 97,21% 88,34% 33,90% 

 
65,46% 99,87% 32,42% 100,00% 

 
93,44% 0,00% 97,92% 0,00% 

 
99,47% 31,59% 92,91% 79,37% 

 
60,53% 73,67% 0,00% 39,30% 

 
90,16% 91,73% 77,88% 66,95% 

 
99,22% 35,11% 98,09% 86,53% 

 
98,75% 92,61% 79,48% 87,22% 

 
99,70% 99,42% 95,75% 

 

  
38,54% 86,46% 

 

  
98,75% 
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6.2 Data chronic exposure 

Chronic - 7 days 
    Visibility (%) Control 1 mg 10 mg  100 mg 

 
33,20% 8,83% 26,74% 35,41% 

 
12,32% 35,14% 0,00% 34,39% 

 
0,00% 14,28% 5,27% 9,45% 

 
22,53% 1,61% 22,95% 7,48% 

 
99,77% 19,38% 2,70% 5,69% 

 
0,00% 36,65% 28,03% 0,00% 

 
3,12% 8,11% 32,94% 0,00% 

 
1,09% 0,00% 2,88% 2,96% 

 
9,31% 0,00% 4,26% 14,89% 

 
21,73% 4,22% 32,48% 0,00% 

 
6,87% 17,69% 6,46% 0,35% 

 
22,67% 5,62% 29,10% 6,35% 

 
27,19% 9,54% 34,64% 7,15% 

 
0,00% 0,00% 99,83% 

 

 
7,62% 30,62% 0,00% 

 

  
1,31% 0,81% 

 
  1,75%   

Chronic - 7 days 

    Exploration (%) Control 1 mg 10 mg  100 mg 

 
31,20% 10,37% 8,00% 24,57% 

 
3,59% 32,90% 0,00% 10,69% 

 
0,00% 22,29% 0,24% 18,72% 

 
0,64% 4,16% 12,00% 7,18% 

 
0,16% 20,33% 5,80% 8,49% 

 
0,00% 6,45% 1,11% 0,00% 

 
7,20% 4,41% 54,76% 0,00% 

 
3,10% 0,00% 6,37% 2,86% 

 
8,67% 4,65% 10,29% 26,29% 

 
34,37% 14,37% 27,92% 0,00% 

 
9,80% 18,61% 19,76% 0,98% 

 
30,86% 21,47% 16,33% 24,57% 

 
32,41% 0,00% 28,57% 12,24% 

 
0,00% 22,86% 0,41% 

 

 
10,37% 5,31% 0,00% 

 

  
8,16% 2,20% 

 
  0,00%   

Chronic - 7 days 

    Speed (mm/s) Control 1 mg 10 mg  100 mg 

 
87,67 38,03 12,66 54,31 
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9,88 51,56 0,00 19,34 

 
0,00 67,09 15,11 95,16 

 
3,24 91,16 20,52 35,83 

 
1,20 69,03 74,96 90,40 

 
0,00 8,79 1,94 0,00 

 
108,15 19,70 82,85 0,00 

 
72,82 0,00 68,45 58,69 

 
44,72 0,00 88,93 92,59 

 
74,94 65,26 60,16 0,00 

 
66,64 53,26 143,31 93,16 

 
130,87 192,21 30,53 234,90 

 
56,95 116,39 35,35 67,87 

 
0,00 0,00 1,48 

 

 
52,95 51,94 0,00 

 

  
160,31 83,77 

 
  187,17   

Chronic - 7 days 

    Activity Control 1 mg 10 mg  100 mg 

 
91,97% 99,34% 71,93% 60,25% 

 
42,57% 81,64% 0,00% 61,83% 

 
0,00% 98,83% 96,77% 84,97% 

 
59,01% 81,31% 67,26% 72,35% 

 
38,50% 73,16% 81,63% 95,03% 

 
0,00% 45,47% 28,00% 0,00% 

 
84,49% 99,74% 99,39% 0,00% 

 
87,86% 0,00% 100,00% 98,48% 

 
88,63% 0,00% 88,16% 99,34% 

 
99,90% 76,61% 35,30% 0,00% 

 
91,03% 98,73% 92,89% 100,00% 

 
99,45% 90,10% 92,55% 95,42% 

 
73,70% 95,55% 99,84% 95,64% 

 
0,00% 0,00% 40,69% 

 

 
99,52% 82,89% 0,00% 

 

  
94,32% 100,00% 

 

  
95,88% 

  



 

 
 

 

 
 

 

 

Dept. of Ecology and Environmental Science (EMG) 

S-901 87 Umeå, Sweden 

Telephone +46 90 786 50 00 

Text telephone +46 90 786 59 00 

www.umu.se 


