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Abstract 

Concentrations of herbicides in our aquatic ecosystems increase more and 

more. Among these, the herbicide glyphosate is the most common one. This 

ecotoxicological study was performed in order to examine the toxic effect of 

the herbicide glyphosate on aquatic invertebrates. Odonata were selected as 

study organisms in order to serve as bio-indicators of environmental 

contamination. Two populations, each of two species (Erythromma najas and 

Libellula quadrimaculata) were collected from four different locations, to 

study inter-specific differences, as well as, differences among populations 

within a species, in response to herbicide exposure. The experiment was 

conducted for 15 days in a 2 x 4 factorial design with 4 replicates (n = 32). The 

most common brand of weed-killer ‘Roundup’ containing 7.2 gL-1 of 

glyphosate) was used as source of glyphosate. Glyphosate was applied at a 

concentration of 7.6 mgL-1 in the experiment equalling the high end of 

environmentally relevant concentrations of glyphosate present in contaminated 

shallow waters. Response variables measured were larval survival, growth and 

activity. The results showed that glyphosate exposure reduced the survival of 

the larvae, but the magnitude of the glyphosate effects depended on species 

identity of the larvae and varied also with population within species. This study 

clearly shows that herbicide effects on invertebrate fitness depends on species 

identity and may even vary within species from different populations, possibly 

due to evolved resistance of random genetic variations between populations or 

due to random genetic variation between populations. 

Keywords: Roundup, bio-indicators, dragonflies, damselflies, herbicide 

application, macroinvertebrates, aquatic communities, mortality  
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1- Introduction 

Anthropogenic activities have initiated structural and functional changes in the 

environment especially in aquatic ecosystems, which are subject to ever-increasing pressure 

from industrialization and agricultural intensification. Herbicides and pesticides used in 

agriculture have the potential to cause substantial changes to the natural communities present 

in our streams and rivers. Yet the knowledge of such effects is only limited to cases where the 

pesticides are accidently or intentionally applied to the sites where a large amount of aquatic 

communities are present, e.g. macroinvertebrates. The main focus of study is towards aquatic 

communities, this is because they are particularly well suited for experimental investigations 

of herbicide effects since they are quite sensitive to herbicides (Leonard et al., 1999; Relyea, 

2005; Ujszegi et al., 2016,). 

Odonata are group of benthic insects with an aquatic larvae and emerging terrestrial 

adults. Like all aquatic organisms Odonata have also suffered throughout Europe due to these 

anthropogenic activities due to their high sensitivity to anthropogenic stressors and variation 

in habitat quality (Andersen et al., 2016; Villalobos-jiménez et al., 2016).  

Odonata have been widely proposed as environmental indicators for the determination 

of water quality of aquatic ecosystem (Chovanec and Waringer, 2001). The reason is, Odonata 

live in wide range of aquatic habitats and their species composition is very habitat specific. 

Their larvae have also become specialized so that different species occupy a diversity of 

microhabitats, within a single waterbody. They are easy to identify to the species level and 

their larvae respond clearly to the environmental variation (D’ Amico et al., 2004; Corbet 1999; 

Woin, 1998). In addition to that the Odonata larvae are able to accumulate a wide range of 

pollutants and contaminations, therefore they are preferred the most by the entomologists for 

ecotoxic studies (Dévai et al., 1992). Also, the susceptibility of Odonata larvae to any pollutant 

can be greater or less than other aquatic invertebrates, when they are in group (Arthur et al., 

1983; Gaufin et al., 1974). 

All kinds of aquatic pollution can reduce the species diversity of Odonata, partly 

because they are present in small numbers even in apparently unpolluted waters (Gentry et al., 

1975; Sharma and Saxena, 1989; Watson et al., 1982). Thus, any lethal or sub-lethal 

concentration of herbicides present in streams may lead to drastic changes to the Odonata in 

species composition, diversity, behaviour and growth reduction, mortalities and local species 

extinction (Pérez et al., 2011). This toxicity to Odonata larvae, in decreasing order of severity 

follows this sequence: organochlorines; organophosphates (Corbet, 1999). The most frequently 

used herbicides, world-wide, are glyphosate-based herbicides. The concentration of glyphosate 

found in the shallow water bodies, ranges from 1.4 to 7.6 mg/L a.e (Ujszegi et al., 2016). 

However, not only species may differ in herbicide tolerance but the individual 

population within species may also be able to adapt and tolerate the higher levels of 

contaminations, especially when they are exposed to contamination over a long time. This 

specific characteristic, for example, have been shown for heavy metal contamination. Odonata 

adapt to the contamination of heavy metals if they are exposed over longer time scales. For 
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example, in ponds, which are serving as commercial water sheds, despite having a significantly 

higher concentration of Cu and Zn, many macroinvertebrates including Odonata are found to 

survive (Karouna-Reiner and Sparling, 2001). 

The magnitude of effect of any pollutant, whether organic or metal, depends on the 

amount and the rate at which it is added (Hynes, 1971). Therefore, some species of Odonata 

are considered to be highly tolerant of metals based on median lethal concentrations (Tollett et 

al., 2009). Macroinvertebrates in sallied and contaminated environment can adapt to the heavy 

metals after long time exposure to high concentrations of heavy metals that were being 

discharged into commercial watersheds (Karouna-Reiner and Sparling, 2001). 

The goal of ecotoxicology is to determine the ecological effects and hazards of toxic 

chemicals on natural communities and ecosystems. It has become apparent from the past years, 

that toxicity tests using single-species are not adequate for assessing the impact of 

anthropogenic stressors and contamination in the environment on long-time scales. Multi-

species toxicity tests lead to more realistic results (Woin, 1998). Even more realistic results 

may be attained by using more than one population within each species, in addition to using 

more than one species. 

1.1. Aim 

The aim of ecotoxicological study is to determine the adverse and sub-lethal ecological 

effects of a glyphosate-based herbicides on the aquatic larvae of two most common species of 

Odonata, Erythrommas najas (Hansemann, 1823) and Libellula quadrimaculata (Linnaeus, 

1758). This study will additionally test if the toxic effect of this herbicide on these larvae differs 

between different populations within a species, possibly due to adaptation to contaminated 

habitats. I will compare the effects on species collected from two different aquatic 

environments (polluted versus non-polluted) in order to answer the following questions: 

 Is there any inter-specific difference in herbicide effect on Odonata? 

 Is there any difference in the strength of the herbicide effect between different 

populations from different habitats but from the same species? 

 Which response variable, used to find the magnitude of herbicide effect, proved to be 

best, to detect effects of herbicide exposure to the two species?  
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2. MATERIAL AND METHODS 

2.1. Experimental design 

I used 2 x 4 factorial design with 4 replicates of each treatment (N = 32). The 

manipulated factors were two independent categorical predictor variables: 

1- Species or population (2 populations of E. najas and 2 L. quadrimaculata). 

2- Herbicide application (yes/no). 

The response variables measured were growth (body length and head width) and activity. 

2.2. Sampling sites & collection of larvae 

I collected 32 larvae: 16 larvae of E. najas and 16 larvae of L. quadrimaculata, 8 larvae 

each from four ponds in Sweden in the period of April to June. 

The ponds were located at four different sites in two different administrative counties, 

Skåne län and Halland län, in Sweden: 

1- A pond in Bulltofta (55.601338, 13.069798), which is a recreational area converted into 

a natural landmark in Malmö. It contains deciduous forests, dry streams and ponds. 

This pond is most likely not contaminated with herbicides, since there is no agriculture 

in its forest catchment. I collected 8 larvae of E. najas from here. 

2- A man-made non-polluted pond (57.065803, 12.558193), surrounded by farmland, a 

vineyard and grassy plains between two big lakes Byasjön and Älvasjön in Ästad, 

Varberg. From this pond, I collected 8 larvae of L. quadrimaculata. 

3- Torvsjön is a peat lake in Halmstad (56.706913, 13.020771), which is also a part of the 

main catchment area of Nissan River in Halland. The main catchment area consists 

mostly of forests and agriculture and is likely to be polluted. From this pond, I collected 

8 larvae of E. najas. 

4- A polluted pond of the Stena Recycling Company in Fyllinge, Halmstad (56.636525, 

12.951888). A strong chemical odour emanated from this pond and I collected 8 larvae 

of L. quadrimaculata. 

The larvae were captured with the help of dip-nets and were brought to the Halmstad 

University laboratory in the plastic cups. The plastic cups contained water from the larvae’s 

habitat and some vegetation from the same habitat for the larvae as perching or hiding sites.  

2.3. Experimental setup 

Larvae were measured with Vernier callipers. Body length, from palpal hooks (jaws) 

to the tips of gills (E. najas) or tips of epiproct (L. quadrimaculata) and the head width (at the 
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height of eyes) were measured. After the measurements, the larvae were placed separately into 

the small 2 L aquaria tanks, one larvae per tank.  

The aquaria tanks were filled with 1 L to a depth of 5-6 cm. The water was previously 

kept in separate tank for 2 weeks for aeration, filled with old, dry deciduous leaves fallen from 

trees during the previous winter. Small leaves and twigs were also placed in the aquaria tanks, 

to serve as perching and hiding sites for the larvae. All the larvae were fed with few red Tubifex 

worms, water mites and water fleas (Daphnia magna) daily, from the start of experiment till 

the end of experiment. The big larvae were also fed with few mayflies, daily. They were kept 

at 21° C and 18:6 hour light:dark cycle to simulate the natural photoperiod. 

2.4. Experimental procedures 

I started the experiment from the end of April with the first batch of larvae, E. najas 

from the peat lake, Torvsjön in Halmstad. The second batch of larvae selected were, E. najas 

from Bulltofta, Malmö. The third batch of larvae taken were, L. quadrimaculata from Ästad, 

Varberg. I started the fourth and last batch of larvae, L. quadrimaculata from the chemical 

drainage pond of Stena Recycling in Fyllinge, Halmstad and finished my experiment in the 

middle of July. The total number of larvae in every batch were 8, in an order of, 4 treated with 

Glyphosate-based herbicide ‘Roundup’ as experimental group and 4 left untreated as control 

group. The herbicide ‘Roundup’ was applied to the aquaria tanks with the help of pipette, 1 ml 

per each aquaria tank in order to attain an end concentration for glyphosate in the aquaria of 

7.6µgL-1. 

2.5. Measurements 

Response variables, that I measured were, survival (in days), body length growth rate 

(µm/day), head growth rate (µm/day), activity in week 1 and week 2, no. of worms eaten in 

week 1 and in week 2. Whereas, survival (in days) was defined as the number of days that the 

larvae survived after the start of experiment. The maximum survival was defined as 15 days, 

which was also the end of experiment. 

Growth in body length and growth in head width were measured with Vernier callipers, 

every second day for two weeks. Before measuring these variables, the larvae were left to relax 

their whole body, in order to measure correctly. The growth increase was divided by the total 

number of days survived or until the end of experiment in order to attain mean growth per day 

(µm/day).  

The activity of larvae was measured by observing their natural movements like floating, 

attacking small other insects, moving around the aquaria, for two weeks. Taking in account of 

the larvae movement in natural environment, those larvae which move around a lot and are 

more active in attacking other small insects for food, during the observation of 15 minutes per 

4 larvae, were considered active. Those larvae, who move less, almost equal to no movement, 

were considered less active and those larvae who constantly showed no movement and when 
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disturbed just fell to the bottom of aquaria were considered inactive. In the same way the 

measurements for no. of worms eaten are taken for two weeks. The worms were placed inside 

the aquaria tanks, after counting and placing 8 worms to each box, in the corners and on the 

old leaves. 

2.6. Statistical analyses 

I conducted a 2-way ANOVA with the factors herbicide application (yes/no) and 

species/population as independent factors. Difference between factor levels 

(species/populations) were tested with Tukey HSD post-hoc tests. The data was checked for 

normal distribution, with descriptive statistics’ descriptives test for normality in SPSS, version 

20.  
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3. RESULTS 

3.1. Survival 

Overall, survival decreased significantly with herbicide application [herbicide main 

effect, Table 1; Fig 1 (a)] However, the effects of the herbicide on survival differed between 

species and populations [species/population main effect and interaction, Figure 1 (a); Table 1]. 

Among the two populations of E. najas, the herbicide-treated specimens of Torvsjön, 

Halmstad, showed more mortality rate, whereas, among the two populations of L. 

quadrimaculata, the treated specimens of Varberg experienced a very high mortality rate, in 

which all the 4 herbicide-treated larvae died. 

Almost all E. najas of Törvsjön, Halmstad larvae (both treated with herbicide and the 

non-treated ones) survived until the end of experiment. However, both herbicide-treated and 

untreated larvae of E. najas of Malmö suffered mortality, as not all of them survived till the 

end of experiment. 

L. quadrimaculata from Varberg had lower survival rate compared to other 

specimens/populations as it was strongly reduced by herbicide application. On the second day 

of herbicide treatment, two specimens died. On the third day, another specimen from the 

herbicide-treated ones died. And on the fourth day the last remaining herbicide-treated 

specimen died. The same happened with the untreated specimens. However, nearly all L. 

quadrimaculata from Drainage Pond, Halmstad survived except for one of the herbicide treated 

ones which died. 

3.2.  Growth 

Body growth of larvae did not change with herbicide application, but was different for 

the different species/populations (Table 1). Larval head growth decreased with herbicide 

application only in E. najas from Torvsjön, Halmstad [Table 1: significant herbicide x 

species/populations interaction; Figure 1 (b) and (c)].  

 The growth rate of both the body and head of the herbicide-treated larvae of both 

populations of E. najas species was less as compared to the non-treated ones [Figure 1 (b)]. L. 

quadrimaculata 1 (Varberg) showed less survival rate so only the specimens that lived during 

half of the experiment time, were measured for growth rate. All the specimens of L. 

quadrimaculata 2 showed a variation in the growth rate of body length and head width 

compared to the other larvae.  

3.3. Activity 

The same effects were seen by results for activity and feeding behaviour [Table 1; 

Figure 1 (d), (e), (f), (g)]. Not all herbicide-treated specimens were active. In week one, only 

E. najas 1 (Torvsjön, Halmstad) and L. quadrimaculata 2 (Drainage Pond, Halmstad) were 
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active as compared to the rest two populations. In week two, however, mostly specimens were 

dead except for L. quadrimaculata 2 (Drainage Pond, Halmstad).  

All the untreated specimens, of both species were active in the first week of experiment, 

except for L. quadrimaculata 2, which all the 4 specimens suffered mortality. The activity 

increased in the second week, with capturing more and more worms to eat as compared to first 

week of experiment. They increased the attacks on the tubifex worms and other little insects 

that were being put in their boxes, to capture as food. 

 The results of feeding behaviour however, showed that among herbicide-treated 

specimens only E. najas 2 (Malmö) and L. quadrimaculata 2 (Drainage Pond, Halmstad) were 

active. As for untreated specimens, both populations of L. quadrimaculata had a higher activity 

than those of E. najas species [Figure (f), (g)].  
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Table 1: Statistical analysis of response variables with possible significant values. df= Degree 

of freedom, F= F-value, P= P-value 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Response variable Treatment df F P 

Survival (in days) Herbicide application 1 10.4 0.004 

Species/Pop. 3 17.4 <0.001 

Herbicide x 

Species/Pop 

3 6.70 0.002 

Body growth 

(µm/day) 

Herbicide application 1 3.27 0.083 

Species/Pop. 3 3.06 0.047 

Herbicide x 

Species/Pop 

3 2.99 0.051 

Head growth 

(µm/day) 

Herbicide application 1 3.02 0.095 

Species/Pop. 3 3.19 0.042 

Herbicide x 

Species/Pop 

3 3.03 0.049 

Activity in week 1  Herbicide application 1 2.46 0.130 

 Species/Pop. 3 4.64 0.011 

 Herbicide x 

Species/Pop 

3 2.46 0.088 

Activity in week 2 Herbicide application 1 27.4 <0.001 

 Species/Pop. 3 10.7 <0.001 

 Herbicide x 

Species/Pop 

2 16.0 <0.001 

No. of worms eaten 

in week 1 

Herbicide application 1 2.00 0.170 

 Species/Pop. 3 8.67 <0.001 

 Herbicide x 

Species/Pop 

3 1.33 0.287 

No. of worms eaten 

in week 2 

Herbicide application 1 0.35 0.564 

 Species/Pop. 3 7.95 0.002 

 Herbicide x 

Species/Pop 

2 6.48 0.009 
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Figure 1: Graphical analysis of response variables: (a) Survival rate (b) Average body growth rate (c) Average 

head width growth rate (d) Activity in week 1 (e) Activity in week 2 (f) No. of worms eaten in week 1 (g) No. 

of worms eaten in week 2. The bars represent the mean in relation to herbicide application for species/population. 

  

(a) (b)     (c) 

   

(d)       (e) 

   

(f)      (g) 
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4. DISCUSSION 

Recent work on Odonata showed that Odonata species were expanding their ranges and 

modifying their abundances and distributions due to change in the environment (Bybee et al., 

2016). This could answer and relate the inter-specific difference in herbicide effect depending 

more on location and conditions of habitat among populations rather than the species, which is 

also proved by the results and statistical analyses above. Due to the expansion in range of 

abundances and distributions, Odonata vulnerability may have been increased to an extent 

(Bybee et al., 2016).  

From this study the expectancy of results before the start of experiment was that, since 

E. najas are smaller and have more delicate skin than L. quadrimaculata, they will be the ones, 

which will be most affected by the herbicide, but the results were quite opposite. This 

expectancy was due to the fact, that numerous studies have addressed that there is a relationship 

between morphology and habitat of the larvae, associating with general body shape (Corbet, 

1962; Sahlén et al., 2008). Therefore, it was expected that E. najas will be more affected by 

herbicide exposure even if they were taken from different habitats. Although E. najas was 

affected but there was a difference in the affect between the two populations, which diverted 

the focus more on the location and condition of habitat rather than the morphology and proved 

the expectancy wrong. For L. quadrimaculata species the results showed that one population 

suffered increased death rate than the other due to the difference in location and condition of 

habitat. In every habitat the species are exposed to numerous substances and toxicants, which 

develops a change in species composition and induces a sensitivity in the individuals among 

the populations and species, no matter how delicate or strong cuticle they have. This sensitivity 

is induced due to organic substances and metal substances, although, some species of Odonata 

has also shown sensitivity to organic substances (Carsten and Liess, 2004). 

The value-ability of Odonata as the biological indicators of integrity of aquatic 

ecosystems is not only because of their diverse range extensions for habitat but also because of 

phenomena of varied tolerances for aquatic pollution shown by many species (Carle 1979; 

Corbet 1993). Results and statistical analysis of this study showed that there is less effect of 

herbicide on the species E. najas, with a difference among the two populations, depending 

upon the location. Different studies done on the availability and diversity of the species of the 

two suborders of Odonata describe that the species differed between the vegetation types, 

geographical range and its related aquatic habitat and so depicting the pattern of wide range 

habitats (Renner et al., 2016). 

 Some Odonata species lay eggs in floating or sometimes submerged macrophytes, 

which upon hatching settles themselves on the stem or leaves of aquatic macrophytes. This 

dependency put them at elevated risk. In case, they came in contact with the anthropogenic 

shorelines, there is a negative impact on the composition and condition of their communities, 

as there is more sensitivity to unknown chemical substances being developed in them (Butler 

and deMaynadier, 2008; Corbet, 1999; Westfall and May, 1996). Behaviour of organism 

depicts the physiological and environmental cues which are affected by the environmental 
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pollutants and stressors, so behaviour becomes a sensitive measure for finding the effect of 

stressors in environment (Dell’Omo, 2002).  

 Just as the larvae of L. quadrimaculata from Varberg in this study, which were taken 

from a man-made pond, proved to be much sensitive. Even the non-treated specimens of this 

population had less survival rate and died earlier than the rest of specimens. The longest 

survived, nearly all specimens, include the E. najas from Torvsjön, Halmstad and the L. 

quadrimaculata from Drainage Pond, Halmstad). The larvae L. quadrimaculata from Varberg 

appeared to be very sensitive and were predicted to be from a pristine site, without any 

contamination of chemical substances. All the treated specimens showed quite much influence 

of herbicide. They showed less movement in the aquaria tanks, eat less, and when they were 

placed back to their boxes after their measurement for the growth rate, they usually fell up-side 

down. This difference of sensitivity can be explained by the studies which depict that there is 

a difference in species’ communities and populations between the man-made lakes and the 

natural habitats (lakes, streams, ponds and swamps). Species in disturbed habitats are more 

widespread and have tolerance levels against contaminants as compared to man-made ponds 

(Renner et al., 2016). 

The second main point about this study is about the difference in the magnitude of 

herbicide effect between the two different populations of same species taken from different 

habitats. From this study it is obvious that the effect of herbicide application depends on the 

location of certain species or population. If a single species is taken for the ecotoxicological 

tests, it cannot give a precise or correct answer because this is a broad range study and herbicide 

effects are different on different species.  

The impact of the non-persistent herbicides, not only depends upon the period of 

exposure of the sensitive organism but also on the intensity of exposures (Barnthouse, 2004). 

The anthropogenic agricultural activities demand high levels of chemicals which results in 

large-scale environmental pollution accelerating decline in diversity of certain aquatic species. 

But the extension in abundances and habitats-distribution has also induced the phenomena of 

‘less sensitivity’ towards certain aquatic species, as in Odonata (Byebee et al., 2016; Costa and 

Nomura, 2016). This means that these species and their populations have different levels of 

contaminant sensitivity and they can respond differently to the glyphosate concentrations 

present in the environment (Costa and Nomura, 2016; Relyea and Jones, 2009). 

Some species/populations are more sensitive to the herbicide effect rather than others 

living in other habitats. Some studies showed that even the big sized aquatic environment living 

species gets herbicide effects, although not mortality but deformation in bodies and mutations 

(Aparecida et al., 2013). This study clearly shows the difference in the strength of herbicide 

effect between different populations from different habitats, but not from the same species. 

This question also answers the importance of this study, the more species/populations are taken, 

the more precise information about eco-toxic herbicide effects on species will evolve. 
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Many studies focused on physical and chemical functioning of ecosystems through the 

community composition dwelling among them (Lee et al., 1997; Sriyaraj and Shutes, 2001), 

as more and more natural bodies are now having anthropogenic origin (Scher and Thiéry, 

2005). But due to single-species test or data on few species, little is known about the bio-

indicator potentiality, exploratory behaviour and potential of colonization of dragonflies (Clark 

and Samways, 1996; D’Aguilar and Dommanget, 1998). 

The third question of the aims of this study points towards ‘survival rate’. This response 

variable was found best, to detects the herbicide exposure effects to the two species. A study 

showed that glyphosate has the tendency to bind strongly with the organic matter. This binding 

removes glyphosate from the water and reduces the exposure to the aquatic organism efficiently 

(Solomon and Thompson, 2003). This answers why the larvae taken from the sites containing 

organic matter have less mortality rate and not only showed more survival rate but also showed 

less effect of herbicide in other factors measured as response variables, as well. 

 The 7 larvae survived till the end of experiment and the one dead larvae of E. najas, 

taken from the peat lake, Torvsjön in Halmstad, can be related to this fact. It could be possible 

that the glyphosate-based herbicide affected the delicate cuticle of larvae inside the old moult, 

enough to kill it. According to some studies on glyphosate, the compound can remain active in 

the water out in the environment from 7 to 70 days (Giesy et al., 2000) which can relate the 

effect of compound on the treated larvae. In a study done on herbicide exposure, there was a 

decrease in the abundances of 6 out of 14 analysed macroinvertebrate taxa, including Odonata 

(Hasenbein S. et al., 2017). Herbicides concentrations found in the environment are not only 

dangerous for Odonata but also potentially toxic for the phytoplankton and other 

macroinvertebrate taxa as well (Smedbol et al., 2017). 

The response variable ‘survival rate’ proved best not only to describe the effects of 

herbicide on all treated specimens but also proved best to describe the survival rate among non-

herbicide treated specimens. In studies, when larvae are not exposed to contaminant but to an 

ecological stress, it shows not only lower survivorship but also less movement and behaviour 

performance (Stoks et al., 2005). This here is the possible explanation of the mortality rate of 

all the non-herbicide treated specimens of both species. 

5. CONCLUSION 

From this study I concluded, that there is a big difference between species/populations 

taken from different sites, with herbicide application. Survival differs among 

species/populations in response to glyphosate application. In laboratory conditions it is 

impossible to find the correct herbicide effects if one model species is used. Therefore, more 

study is required on broad spectrum that includes more species/population from more than one 

location. This will help in understanding the inter-specific herbicide effects and exposure 

among the benthic animals. If more species/populations are tested in relation with the threshold 

exposure of contaminants in the environment, it will also help in understanding the effects on 

community level.  
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