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Abstract 
 
Heavy metals are of great concern when released into the environment, especially at high 
concentrations. Because of their persistence and toxicity, they have the ability to impact 
organisms both directly and indirectly via bioaccumulation in the food chain. In this report the 
effects on aquatic insect composition and abundance as well as possible effects on 
metamorphosis from larvae to adults were examined in six lakes – three with elevated Zn and 
Pb concentrations and three reference lakes - situated in Arjeplog municipality. Aquatic larvae 
and adult aquatic insects were sampled one year apart, and the number of individuals and 
community composition of both life stages were compared. Contrary to my hypothesis, the 
results showed no significant differences in abundance, taxa richness or number of individuals 
in pollution sensitive taxa (EPT) due to contamination. However, the result showed that the 
effect of contamination on the number of insects is different at different life stages (larval or 
adult), with fewer adults than expected emerging from contaminated lakes. This is likely 
explained by detrimental effects, caused by high metal concentrations, obstructing 
metamorphosis and decreasing emergence success. In this study, the negative effects on 
emergence could foremost be observed in chironomids (Chironomidae), which was the most 
abundant insect taxon in both reference and contaminated sites. This leads to the conclusion 
that including effects on metamorphosis can provide useful insights when assessing effects of 
a contaminant on the health of freshwater ecosystems. 
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1 Introduction  

 

1.1 Background 
Freshwater ecosystems make up a very small fraction of the total water on earth, yet the 
importance of freshwater habitats is reflected in the increasing interest, from scientists and 
governments, where shedding light on the significance of a functioning ecosystem has been in 
focus (Dudgeon et al. 2006). This greater focus derives from the ongoing degradation of 
freshwater ecosystems due to overexploitation, water pollution, flow modification, destruction 
of habitat and invasion by exotic species, all of this caused by humans. In freshwaters, aquatic 
insects play a significant role, influencing the rate of decomposition of organic matter and 
nutrient cycling (Suter and Cormier 2014). Apart from that, aquatic insects are an important 
food source for fish and also, after metamorphosis and emergence, for terrestrial organisms 
such as birds. In the view of pollution as a major threat, understanding the processes in these 
ecosystems in response to contamination is crucial for being able to preserve the biodiversity 
they support and the ecosystem services they provide (Dudgeon et al. 2006). In addition, 
insight on the effects of heavy metal contamination on emergent aquatic insects will also 
increase the knowledge of how terrestrial ecosystems are indirectly affected and how we can 
mitigate the transport of pollutants across ecosystem boundaries (Bartrons et al. 2015). 
 

1.2 Metals in the aquatic environment 
Metals naturally occur in low levels in the water of aquatic environments due to weathering 
and erosion of mineral deposits (International Zinc Association n.d.). However, the metal 
concentrations can increase as a result of anthropogenic activities, which potentially can have 
an increasingly negative effect on aquatic organisms. Yet, the relationship between metal 
concentrations and effects on aquatic organisms is not linear. Instead, the fate and effects of 
heavy metals in lakes depend on different environmental factors, such as water chemistry (e.g. 
pH and hardness), the amount of inorganic and organic matter present, the properties of 
sediments, and hydrology (John and Leventhal 2004). Because metals exist in different forms 
due to speciation of chemical elements, some of which are more reactive and more easily form 
complexes or bind to sediment or organic matter, all metals in a system are not bioavailable, 
i.e. can be taken up by biota (John and Leventhal 2004). Therefore, when studying the effect 
of metals and their degree of toxicity on organisms (DeNicola and Stapleton 2001) the 
bioavailable metals, i.e. the fraction of dissolved free ions, and not only the total concentration, 
is often taken into consideration in risk assessments (Hare 1992). 
 
Exploitation of lead (Pb) and zinc (Zn) for human use has occurred for thousands of years 
(International Lead Association n.d., International Zinc Association n.d.) and mining practice 
as a point source of pollution is a common phenomenon. Although the mining activity ceases 
when a mine is abandoned, long-lasting effects on the environment are evident (Johnson 
2003). Pb and Zn are two out of several heavy metals that often are extracted with subsequent 
mineral deposits and tailings contributing to the leakage of metal contaminants to the nearby 
environment (Wright and Michelle 2016). The result is metal-polluted waters and sediments 
which can impact communities and ecosystems negatively when organisms are exposed to 
doses exceeding background levels. Further, because heavy metals cannot be degraded, they 
can accumulate in sediments and in organisms (John and Leventhal 2004). Moreover, lake 
ecosystems are characterized by longer turnover of water compared to stream ecosystems, and 
leakage of contaminants into lakes can result in several months long residence times 
(International Lead Association n.d.). Generally, Pb has low bioavailability, but an increase in 
concentration from a point source, such as mining activities, can increase the fraction of 
bioavailable metals and thereby pose a risk to aquatic organisms (International Lead 
Association n.d.). Hence, an increasing human use of Pb could be a cause of concern if the 
mineral waste from extraction is not dealt with properly. Consequently, many studies have 
explored the effects of Pb on human health, while less is known about effects on the 
environment (International Lead Association n.d.). Even though Pb is not an essential metal 
for physiological processes the uptake of Pb takes the same route as essential elements (Hare 
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2016). In contrast, Zn is to some extent essential for physiological processes such as enzymatic 
activities in living organisms (International Zinc Association n.d.), but in doses exceeding the 
requirements Zn also becomes toxic. 
 

1.3 The aquatic-terrestrial linkage 
Links between aquatic and terrestrial systems exist due to the flow of nutrients, energy, and 
matter across the aquatic-terrestrial interface, and creates intricate food webs connecting land 
and water (Bartrons et al. 2015). These flows occur in both directions, but one particular type 
of flow that occurs from aquatic to terrestrial systems is that via emergence of adult aquatic 
insects. This transition from water to land is important for the aquatic insects since they need 
land in order to reproduce and disperse (Wesner et al. 2014), but it also makes up an important 
resource flow to terrestrial insectivores (Suter and Cormier 2014). Metals can be assimilated 
from water and food in the immature stages of aquatic insects and accumulate if the influx 
exceeds the efflux (Hare 1992). Subsequently, accumulated metals can be transferred to land 
and biomagnify in the food chain (Bartrons et al. 2015) when terrestrial organisms feed upon 
the emerging insects and, thus, potentially have effects outside the system of origin. 
 
There is little knowledge about how ongoing exposure to heavy metal contamination, such as 
in mining areas, is affecting the metamorphosis of aquatic insect larvae into adults. One 
hypothesis is that the metamorphosis from larvae to flying adults is aggravated by higher metal 
concentrations, reducing the survival rate of the insect, and therefore the flow of insects from 
water to land (Wesner et al. 2014). A study conducted in heavy metal contaminated waters 
showed that emergence of adult insects was poorly correlated with benthic insect density 
(Wesner et al. 2014), indicating that while the measured metal concentration is sublethal 
during the larval stage, lethal effects of contamination can hit during metamorphosis, which is 
a physiologically strenuous process (Wesner et al. 2014). Hence, detrimental effects can occur 
after the larval stage when metamorphosis is aggravated or indirectly affected in the form of 
defects such as shriveled wings, even at metal concentrations that previously were assumed to 
be non-lethal. In uncontaminated freshwater ecosystems, estimations of the proportion of 
adult insects returning to lay their eggs in the water ranges between 1-20% of all emerging 
insects (Suter and Cormier 2014). As a result, if metamorphosis is creating a bottleneck, due 
to metal contamination, the number of eggs laid following seasons may be reduced. Therefore, 
it is not only interesting to analyze the effect of metal contamination on abundance and species 
composition in the aquatic larvae stage, but also on the adult terrestrial stage, especially as 
flying adult aquatic insects are important prey to a wide range of terrestrial consumers 
(Schmidt et al. 2013).  
 

1.4 Biomonitoring 
Assessing the status of a freshwater system can be done through biomonitoring, using 
macroinvertebrates as a measurement of water quality (Hare 1992, Ryan and Wright 2016). 
Aquatic organisms make up an adequate tool in biomonitoring as they are relatively sedentary 
and can be found in all kinds of freshwaters (Hare 1992). A change in community composition 
can be derived from species-specific sensitivity to different metals and low pH, where some 
taxa can withstand contamination better (Cain, Luoma and Wallace 2004). Consequently, 
studies have shown that streams severely affected by metal contamination have lower species 
richness than moderately affected streams and, additionally, that the species composition is 
altered. Richness and abundance of pollution-sensitive taxa, such as Ephemeroptera, 
Plecoptera and Trichoptera are typically negatively correlated with increased metal 
concentration (Pollard and Yuan 2006), while Chironomidae in the order of Diptera are less 
sensitive and can dominate heavily in impacted waters (Pollard and Yuan 2006). Hence, by 
assessing the properties of the aquatic insect community, conclusions about the effects of heavy 
metal contamination in lakes can be drawn. 
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1.5 Aim 
This study aims to examine how the abundance, diversity, and metamorphism of aquatic 
insects are affected by Pb and Zn contamination. The purpose of this study is to 1) examine 
how the abundance and community composition of aquatic insects are affected in lakes 
subject to Pb and Zn contamination, by comparing abundance and composition of aquatic 
insect larvae between contaminated and reference lakes and 2) investigate if the 
metamorphism success from larvae to adult insects is affected by the concentrations of Zn 
and Pb, by comparing the difference in abundance and composition between larval and adult 
stage, and if this differs between contaminated and reference sites. The null hypothesis (H0) 
is that there are no differences in abundance, composition or emergence success between 
reference and contaminated sites and the alternative hypothesis (H1) is that community 
composition, abundance and metamorphosis are negatively affected by high metal 
concentrations. 
 

2 Method 
 
2.1 Study area 
The study area is situated in Arjeplog municipality in Norrbotten County (figure 1) and is 
located in the vicinity of a closed lead mine in Laisvall. The mine was active during the years 
1943 to 2001 and was during that time the largest lead mine in Europe. In addition to Pb, Zn 
was mined. The concentrations of Pb and Zn in the lakes (Saiva nedre, Majva, and Skidsjön) 
nearby Lasivall have been measured to exceed the local background levels and are therefore 
used as contaminated sites. The reference lakes (Vägsjön, Kietja and Gautotjärn) are situated 
in Gautosjö, approximately 30 km northwest of Laisvall and upstream the former mine. 
 

 
Figure 1. Map showing A) location of reference lakes in Gautosjö, B) location of contaminated lakes in Laisvall and 
C) where the study area is located on a national level (The National Land Survey of Sweden 2018).  
 
Previous measurements of metal concentrations and pH have been taken in the six lakes (table 
1); three lakes in Laisvall with elevated concentrations of Pb and Zn and three lakes located in 
Gautosjö which were the non-affected reference sites. The measurements of metal 
concentrations were taken in the water and the surface sediments. Reference values in water 
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for concentrations of Zn and Pb in unaffected lakes in northern Sweden are < 0.0029 mg/l and 
< 0.00012 mg/l respectively, although, concentrations can deviate slightly due to local 
conditions, such as geology (Environmental Protection Agency 2000). The Swedish 
Environmental Protection Agency has calculated the predicted no effect concentration (PNEC) 
for Zn in laboratory conditions, setting the target value to between 0.003-0.008 mg/l in water, 
depending on water hardness (Environmental Protection Agency 2008). Also, there is a 
substantial risk for negative effects on aquatic organisms if Zn concentrations are exceeding 
0.02 mg/l in lakes with low pH and low amount of organic matter. For Pb this value is 0.001 
mg/l (Environmental Protection Agency 2000). To prevent an increase in bioavailable metals 
due to low pH, the contaminated lakes have been limed. Nevertheless, pH was measured in all 
lakes (table 1), providing information about the influence of pH on bioavailability and the 
aquatic insects. 
 
Table 1. pH values in reference (R) and contaminated (C) lakes as well as the concentration of Zn and Pb (mg/l) in 
water and upper sediment layer. 

Site R/C pH Zn (water) Pb (water) Zn (upper sediment) Pb (upper sediment) 

Kietjasjön R 7.14 9.44 0.193 358 48 

Vägsjön R 6.72 7.04 0.0512 82 31 

Gautotjärn R 7.31 10.9 0.192 58 44 

Saiva Nedre C 7.57 523 12.6 4766 5498.5 

Skidsjön C 7.57 34.6 1.8 2594.5 3884 

Majva C 7.58 59.4 13 3563 7850.5 

 
2.2 Field method 
For this study, aquatic insect larvae from the six different lakes were collected in September 
2016, using the kick-sampling method, with five sampling sites in each lake in order to cover 
all the different habitats within the lake. To standardize the kick-sampling method, sampling 
was carried out by disturbing the lake bottom in a 1x1 meter square during one minute. During 
the summer of 2017 the adult aquatic insects were sampled by placing five deposition insect 
traps, made out of plastic containers (18x18 cm) and filled with glycol for preservation, at the 
riparian zone of each lake (Stenroth et al. 2015). Because the timing of emerging aquatic insects 
can differ among sites and years, the deposition traps were placed by the lakes by the end of 
May, soon after the ice on the lakes disappeared, and were emptied four times throughout the 
summer; twice in June, once in July and the last time in the middle of September before 
removing them when insects had stopped emerging.  
 
The number of larvae and imagos, collected in 2016 and 2017 respectively, were sorted and 
counted. Because my time was limited, and because the time needed for picking and sorting 
insects was hard to estimate, the taxonomic level of identification was set to a relatively coarse 
resolution, identifying the individuals to order (Ephemeroptera, Plecoptera and Trichoptera) 
and Chironomidae to family. However, this is sufficient to separate the most sensitive taxa (i.e. 
Ephemeroptera, Plecoptera and Trichoptera) from the more tolerant ones (e.g. 
Chironomidae) (Wright and Michelle 2016). 
 

2.3 Data analysis 
Data were visually assessed for normality. Because the abundancy data were not normally 
distributed the data were log-log transformed before analysed with a t-test. Taxa richness was 
calculated and compared, based on the number of aquatic insect orders represented. Since 
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normality was not achieved for taxa richness, the comparison was done visually with 95% 
confidence intervals (CI). This was also the case when analysing EPT. To evaluate the 
difference in composition between the two different lake types, the data was first log-log 
transformed before conducting a two-way analysis of variance (ANOVA) with the factors 1) site 
(contaminated or not) and 2) insect group (Chironomidae, Anisoptera, Zygoptera, 
Ephemeroptera, Trichoptera and Plectoptera), as well as the interaction term between site and 
insect group.  
 
When comparing larvae and adults between sites, other insects than Chironomidae, 
Anisoptera, Zygoptera, Ephemeroptera, Trichoptera and Plectoptera were excluded, as only 
these groups of adult insects were sorted after sampling. A two-way ANOVA was performed to 
test if there were any significant differences in total number of individuals, due to the factors 
1) life stage (larvae and adult) and 2) site (contaminated or not), as well as the interaction. This 
was also tested for EPT separately, with the number of insects in Ephemeroptera, Plecoptera 
and Trichoptera, excluding chironomids and dragonflies. To be able to understand the result 
of the ANOVAs, results were assessed visually with graphs. Lastly, the percentage change in 
average number of individuals for the different insect groups was calculated before and after 
emergence to see change in composition. In all statistical analyses the level of significance was 
set to 5% (p=0.05). 

3 Results 
 
3.1 Abundance and community composition 
No significant difference in abundance between reference lakes and contaminated lakes could 
be found (t=3.18, P>0.280) (figure 2A), contrary to my hypothesis. In conformity with the 
abundancy result, metal pollution had no significant effect on the number of insect orders, 
judging by the overlapping confidence intervals (P>0.050) (figure 2B). 

 
Figure 2. A) Average number of individuals per sample in reference and contaminated lakes. B) Average number 
of insect taxa (orders) found in reference and contaminated lakes. Error bars showing A) ± 1 S.E for the average 
number of individuals and B) 95% CI for the average number of taxa. 
 
Neither was there a significant difference between the number of EPT in reference lakes and 
contaminated lakes (P>0.050). The aquatic insect communities constituted < 25% of EPT 
taxa in both reference sites and contaminated sites with the majority of the individuals being 
Chironomidae larvae (figure 3). Although there was no overall difference in the number of 
insect individuals between sites, the result of the two-way ANOVA showed that the 
interaction between insect group and site was significant (F7, 172=28.69, P<0.001), meaning 
that there is a difference in insect abundance between reference and contaminated areas, but 
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only for Chironomidae (F7, 172=28.69, P<0.001), with a higher number of individuals in 
contaminated sites. 

 
Figure 3. Aquatic insect composition in reference and contaminated lakes. Error bars showing ± 1 S.E for the 
average number of insects found in each group. 

 
3.2 Metamorphosis  
The two-way ANOVA conducted to examine the effect of life stage and site on insect 
abundance showed that life stage does not significantly affect the number of individuals 
(F3,143= 17.63, P=0.080). However, site was significantly affecting the total number of 
individuals (F3,143= 17.63, P<0.001) and the interaction between life stage and site was 
significant (F3,143= 17.63, P<0.001) (figure 4) indicating that contamination has a significant 
effect on either the number of larvae or adults. Figure 4 is demonstrating the significant 
interaction and show that the differences between sites are not consistent for both larvae and 
adults. Instead, the difference between life stages is the opposite in contaminated and 
reference lakes. In other words, while more adults than larvae where found in reference sites, 
the opposite pattern was observed in contaminated sites, with less adults than larvae found.  
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Figure 4. Average number of larvae and adults in reference and contaminated sites. Error bars showing ± 1 S.E for 
the average number of insects found. 
 

Testing EPT the same way, excluding chironomids and dragonflies, showed a significant 
difference for life stage (F3,143, P<0.001) with more individuals found in larval stage than 
adult stage. However, there was no significant difference in the number of individuals of EPT 
between contaminated and reference sites (F3,143, P=0.069) and no significant interaction 
(F3,143= 11.28, P=0.100), meaning that the effects on total insect number mainly are driven by 
differences in abundance of the dominating taxon Chironomidae. 

 
Figure 5. Average number of larvae and adult insects in reference (R) and contaminated (C) sites, divided into 
groups. Error bars showing ± 1 S.E for the average number of insects found in each group and life stage. 
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Taking a more detailed look at the result, figure 5 is illustrating the results from the ANOVA. 
More adult Chironomidae and Plecoptera than larvae were found in reference sites, which is 
in line with the interaction. This can also be seen in figure 6, where there was an increase in 
percentage of the number of individuals in Chironomidae and Plecoptera from larval to adult 
stage in reference sites, while this was not true for the contaminated sites. Also, in line with the 
hypothesis, a larger decrease in abundance of Chironomidae, Trichoptera and Plecoptera from 
larval to adult stage could be seen in contaminated areas compared to reference sites. 

 
Figure 6. Change in average abundance (%) after metamorphosis in reference and contaminated sites, divided into 
groups. Error bars showing ± 1 S.E for the average change in percentage per group and site. 

 
4 Discussion 

Emerging aquatic insects were reduced in contaminated sites and more adults than larvae were 
found in reference sites. The results show that, while metal contamination did not significantly 
impact the number of larvae, it significantly affect the number of adults. This indicates that 
effects of metal contamination may only be visible when adult aquatic insects, and not only 
larvae, are considered (Schmidt et al. 2013). However, for abundance and taxa richness, where 
differences were expected in accordance with the hypothesis stated in the aim, no effects of 
contamination could be observed. This divergence from the hypothesis was also seen in the 
number of individuals of EPT found at each site, where no difference was found. 
 

4.1 Abundance and community composition 
The aquatic insect abundance and taxa richness did not differ significantly due to metal 
contamination, although it is possible that increasing the number of replicates would, contrary 
to the hypothesis, have shown that there were higher abundance and taxa richness in the 
contaminated lakes (figure 2). Either way, apart from the number of replicates, the non-
significant result in larval abundance due to metal contamination, could perhaps be explained 
by other influencing factors not scrutinized in this study; predation and tolerance of existing 
families in present taxa being two of them. Predators, fish in this case, can alter the abundance 
and community composition in lakes (Pope, Piovia-Scott and Lawler 2009), but no 
information about the abundance of fish in the included lakes was gathered as part of this 
study. However, one hypothesis is that there is either no fish or lower fish density in the 
contaminated lakes compared to reference lakes, resulting in higher insect abundance in 
contaminated lakes than would otherwise be the case (Pope, Piovia-Scott and Lawler 2009). 
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While predation would keep the number of insects on lower levels in reference lakes, there 
would be no such effect in contaminated lakes, obtaining more or the same amount of insects 
(mainly pollution tolerant taxa) as in reference lakes, despite the high metal concentrations.  

Similarly, looking at EPT, there was no significant difference between reference lakes and 
contaminated lakes, and the majority of the insect larvae were chironomids in both reference 
and contaminated lakes. This could be due to variation in metal concentration among the 
contaminated lakes but also that the division of lakes into reference and contaminated are not 
as distinct as desired. Comparing the obtained metal concentrations in all included lakes with 
target values according to the Environmental Protection Agency 2000, the lakes had 
background levels of Pb and Zn exceeding normal background levels for northern Sweden, 
meaning that it is possible that the metal concentrations is too high for sensitive taxa even in 
reference lakes, favouring more pollution tolerant taxa also there. Because of the limitation in 
time, EPT larvae were only identified to order and the chironomids to family. Further 
investigations of the aquatic insect composition by identifying the EPT taxa to family and 
assign their tolerance values could be an option when evaluating effects of metal contamination 
on taxonomic composition. Perhaps, the fraction of EPT larvae present did not belong to the 
most sensitive families of EPT, also in the reference lakes. Moreover, examining the 
composition more in detail could reveal other patterns of negative effects of metals on insect 
groups. For example, a study conducted by Liess et al. (2017) showed that in a metal (mainly 
Cu and Zn) polluted stream, the number of EPT taxa correlated poorly with heavy metal 
concentration. However, a negative impact was seen in non-predatory functional feeding 
groups, while the sensitivity to metals decreased in predators (Liess et al. 2017). 

  
4.2 Metamorphosis 
The result showed that metal contamination had a significant effect on the number of 
individuals (larvae and adults combined), with more adult individuals at contaminated sites. 
As proposed earlier in 4.1, lower predation by fish in contaminated sites could possibly explain 
this result. However, the higher abundance of adult insects compared to larvae at reference 
sites is surprising but could be explained by the sampling method of adults which perhaps is 
more efficient than kick-sampling of aquatic insects. However, this should also have been the 
case in contaminated sites, but judging by the result, this was not the pattern. The interaction 
showed that there were more adults than larvae found in reference lakes, whilst the opposite 
pattern was displayed in contaminated sites (figure 4). This is in line with the stated 
hypothesis, that metamorphosis is a survival bottleneck when aggravated by metal 
contamination, leading to a decrease in emergence success. Thus, it is likely that contamination 
in lakes shows no detrimental effects on larval stage but, as proposed by Wesner et al. (2014), 
causes lethal effect during or after metamorphosis. As for the effects on metamorphosis, a more 
detailed examination of the different insect groups showed that the majority of adult insects in 
reference sites were chironomids. Because chironomids are considered to have higher 
tolerance level against pollution, it is easy to assume that it also applies to their 
metamorphosis. However, in this study, high concentrations of metals had a negative effect on 
the metamorphosis of Chironomidae. Accordingly, previous studies have shown that not only 
sensitive groups like EPT can be affected by high metal concentrations (Schmidt et al. 2013). 
In a study conducted by Timmermans et al. (1992), they could see that high concentrations of 
Zn had negative effects on the development of Chironomidae instars, resulting in a smaller 
fraction of emerging adults. This is consistent with the lower-than-expected abundance of 
adult Chironomidae at contaminated lakes (figure 6). Of course, some mortality can be 
expected in metamorphosis due to defects, such as shriveled wings (Wesner et al. 2014). Still, 
conclusions from the data obtained can be drawn because the same level of mortality will 
supposedly occur in both reference and contaminated lakes, making it possible to see if the 
mortality of emerging insects is diversely impacted by metal contamination.  

When testing the interaction between life stage and site for EPT, the result showed, though not 
significant, that there were fewer adults than larvae in both reference and contaminated sites 
with a smaller reduction of individuals for Trichoptera and Plecoptera in reference sites. 
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Although this was not significant, it supports the result for the chironomids as well as my 
hypothesis. When examining orders separately (figure 6), at least Plecoptera followed the same 
pattern with a large reduction in emerging adults, and Trichoptera showed a similar, though, 
weaker trend.  

 
Differences in bioavailable metals in lakes are often considered when evaluating effects on 
organisms in different sites. The only measurement available in this study was pH, which only 
slightly differed among lakes, and I could therefore exclude its effect on bioavailability. No 
estimations of the concentration of bioavailable metals were done, but it is possible to assume 
that in point source pollution, like in the contaminated areas, the concentrations of heavy 
metals available for uptake will be higher than in reference sites (International Lead 
Association n.d.). Therefore, even though I did not model bioavailability, the bioavailable 
concentrations will likely differ in proportion to the measured total concentrations. Hence the 
measured metal concentration should reflect potential impacts on the insects since metal 
bound to particles in sediment and organic matter can be released as free ions, available for 
uptake, in physiological processes or when water chemistry changes (John and Leventhal 
2004).  

One factor to consider in this study is the number of replicates used when comparing data 
between reference and contaminated sites. With fewer replicates the statistical strength 
decreases and, in hindsight, more replicates than three per area would have been preferable. 
However, due to the limitation in time and suitable areas this was not possible. More replicates 
could have increased the accuracy and decreased the high variance between the contaminated 
sites, although the number of subsamples at each site can lessen the need for additional 
replicates. Further investigations would be needed to verify potential differences where no 
significant result was obtained. The high variance between the three contaminated sites could 
be the result of large differences in the degree of contamination where the metal concentration 
in water was many times higher in one of the lakes, compared to the other two lakes.  

 
4.3 Conclusions 
All things considered, although there were no effects of contamination on larval abundance 
and taxa richness, my results suggests that there are negative effects of metal contamination 
on metamorphosis. It is, however, difficult to draw any conclusions on how the aggravated 
metamorphosis in turn is affecting terrestrial insectivores or the production of new larvae in 
the contaminated lakes. One interesting aspect would be to conduct reoccurring sampling of 
aquatic insects to see if this supposed reproductive bottleneck is decreasing the number of 
aquatic insect larvae from one year to the next, when the fraction of emerged surviving insects 
coming back to lay their eggs is decreasing (Schmidt et al. 2013), or if the fraction of adult 
insects returning to lay their eggs is enough to sustain populations. Nevertheless, my results 
suggest that only measuring larval abundance may not be the best indicator for assessing the 
status of a freshwater ecosystem when it comes to metal pollution. Instead, studying emerging 
insects would also examine possible effects on other stages in the aquatic insect life cycle as 
well as effects on the aquatic-terrestrial linkage. 
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