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1 Introduction 
 

Eutrophication of lakes and other aquatic systems is a very common problem. 

Eutrophication causes, for example, oxygen deficiency and blooming of algae, 

which cause further harmful effects. Especially algae blooms are known for their 

harmfulness on human recreational activities and their management is 

considered as important. Food web management in lakes is one of the most used 

method in lake restoration. Lake food webs have been manipulated via stocking 

piscivorous fish or removing large amounts of planktivorous fish (e.g. Shapiro et 

al. 1975; Carpenter et al. 1985; Olin et al. 2006). One of the original ideas in food 

web management was to decrease the predation pressure on zooplankton via 

decreasing the density of planktivorous fish, which then should increase the 

zooplankton biomass in a lake (Carpenter et al. 1985). A strong zooplankton 

community can control the growth and development of phytoplankton and restrict 

their blooming (Carpenter et al. 1985). The control of zooplankton biomass via 

fish predation is an important mechanism for food web manipulations, but there 

are other important mechanisms too (Horppila et al. 1998). 

 

However, mass removal of fish may not be the optimal restoration method, if, for 

example, the lake is turbid, its water column has low light conditions, and there 

occurs invertebrate predators such as the phantom midge (Scheffer 1998; 

Horppila & Liljendahl-Nurminen 2005). Phantom midges (Chaboridae, 

Chaoborus) are invertebrate predators, which mainly eat zooplankton and spend 

their egg, larvae, and pupae life stages in aquatic environments (Parma 1971). 

Previously it was assumed that if a lake has a high fish density then invertebrate 

planktivory would be low (Carpenter et al. 1985). However, Liljendahl-Nurminen 

et al. (2003) later found that the consumption of zooplankton by Chaoborus can 

be manifold when compared to the consumption of planktivorous fish even when 

the density of planktivorous fish was high. In addition, Liljendahl-Nurminen et al. 

(2005) proved experimentally that Chaoborus predation on cladocerans can be 

stronger than the effect of fish predation. Thus, Chaoborus can be the main 

predators of herbivorous zooplankton and control their population size instead of 

planktivorous fish and contribute to the formulation of extensive algal blooms.  
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Fish do predate on Chaoborus but their abilities to find the larvae and 

effectiveness as predators vary with the living conditions in the lake. For example, 

smelt (Osmerus eperlanus) is known to be an effective predator of Chaoborus 

even in lakes with low light conditions or total darkness in the hypolimnion 

(Horppila et al. 2004). Perch (Perca fluviatilis), on the other hand, is in general an 

effective predator only in good light conditions (e.g. Helfman 1979; Jansen & 

Mackay 1992). Perch rely more on their vision as predators than, for example, 

roach (Rutilus rutilus) (e.g. Bergman 1988; Diehl 1988) which is more effective in 

low light conditions (Bohl 1980). In Estlander et al. (2010) perch appeared to be 

the inferior predator when compared to roach in small dystrophic forest lakes in 

Southern Finland. In addition, for example, Malinen & Vinni (2019) found that 

smelt ate Chaoborus at Lake Alajärvi whereas perch and vendace (Coregonus 

albula) did not. Regardless, the importance of Chaoborus in fish diets is a topic 

that has not been studied much even though species and lake-specific 

differences are probably large, and it would also be reasonable for the planning 

of mass removal of fish as a restoration method. 

 

Mass removal of fish is a popular method for lake restoration even when there is 

no information about the occurrence of Chaoborus in the lake in question. Mass 

removal of fish can be harmful if it improves the living conditions for Chaoborus. 

If the fish predate on Chaoborus and the number of fish predators decreases after 

mass removal the predation pressure on Chaoborus is reduced. This allows the 

growth of Chaoborus population, which can intensify the zooplankton 

consumption by Chaoborus, and decrease the ability of zooplankton to control 

phytoplankton (Liljendahl-Nurminen et al. 2005). Likewise, even if the fish do not 

predate on Chaoborus the management of the fish assemblage might allow the 

growth of the Chaoborus density and allow them to predate on zooplankton more 

efficiently as speculated in both Liljendahl-Nurminen et al. (2005) and Malinen & 

Vinni (2013b).  If the fish include Chaoborus occasionally in their diet the living 

conditions of Chaoborus will again improve after mass removal of fish, and 

Chaoborus density can in theory grow (cf. Malinen & Vinni 2013b). All things 

considered; invertebrate predators such as Chaoborus can act both as a prey 

and as a competitor for fish (Liljendahl-Nurminen et al. 2003; Pekcan-Hekim et 

al. 2006), which makes them as not easily fitting into traditional lake restoration 
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theories. Thus, they also pose a challenge for lake restoration issues because 

they may be out of reach of lake managers (Horppila & Liljendahl-Nurminen 

2005). 

 

Chaoborus, however, need a suitable environment to thrive in. Horppila et al. 

(2004) found that clay-turbidity and low light conditions offered suitable living 

conditions for Chaoborus. In addition, Liljendahl-Nurminen et al. (2008) tested 

that high clay-turbidity (visual refuge) and low oxygen concentration 

(physiological refuge) together provided a refuge efficient enough for Chaoborus 

against fish predators, but alone they did not. Liljendahl-Nurminen et al. (2008) 

discuss that there is a connection between the depth of a lake, the stratification 

of the water column, and the low light conditions prevailing in deep areas. The 

ability of visual predators like fish to detect their prey is altered in different turbidity 

conditions due to the different behavior of light. According to Hemmings (1966) 

and Hinshaw (1985) inorganic material reduces the contrast between the prey 

and its background, which is more important for fish predators than the amount 

of light in the water column which is reduced by organic turbidity. For example, 

clay is an inorganic material that scatters light in the water column whereas, for 

example, humic substances are organic material that influence the absorption of 

light (Kirk 1994). In addition, low light conditions together with dark-colored or 

turbid water weakens fish predation and gives an advantage to tactile predators 

such as Chaoborus (Vinyard & O’Brien 1976; Eiane et al. 1997).  

 

Chaoborus perform diurnal vertical migrations that are triggered by the presence 

of fish and fish predation (e.g. Nilssen 1974; Borkent 1981; Luecke 1986; 

Dawidowicz et al. 1990). Chaoborus can tolerate low oxygen concentrations and 

take refuge from fish in low oxygenated water layers but they occasionally need 

to migrate into the epilimnion to prey on zooplankton (Luecke 1986). Thus, clay-

turbidity appears to be a key contributor to the coexistence of dense fish and 

Chaoborus populations (e.g. Horppila et al. 2004; Liljendahl-Nurminen et al. 

2008).  If Chaoborus can avoid their predators easily they do not need to burrow 

into the sediment to safety. Rather the larvae can stay high in the water column 

closer to their prey and migrate into the epilimnion to predate on zooplankton 

efficiently at night (Horppila & Liljendahl-Nurminen 2005). 
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In addition to clay-turbid lakes some humic-watered lakes have been shown to 

support high densities of Chaoborus (Ramcharan et al. 2001; Estlander et al. 

2009; Malinen et al. 2011a; Malinen & Vinni 2013a). However, according to 

Malinen et al. (2011a) the abundant occurrence of Chaoborus in humic lakes has 

not appeared as consistent as in clay-turbid lakes because of the variance 

observed in larvae density in ostensibly similar humic lakes. For example, 

Estlander et al. (2009) found the highest water color and the highest density of 

Chaoborus from the same lake among their four humic study lakes. However, the 

density of Chaoborus did not clearly correlate with water color because one of 

their study lakes had the lightest water color and the second highest density of 

Chaoborus (Estlander et al. 2009). In Estlander et al. (2009) the thickness of the 

low-oxygenated water layer together with the humic substances seemed to 

mainly dictate the density of Chaoborus and offer the most suitable living 

conditions for them. Humic substances that color the lake water dark brown and 

influence the light conditions might not provide as good of a restriction to visibility 

against the fish predators as, for example, clay-turbidity does (cf. Hemmings 

1966; Hinshaw 1985). Regardless, there are numerous dystrophic lakes in 

Finland that can support even a high Chaoborus density because humic lakes 

often have low oxygen concentration in the hypolimnion.  

 

The purpose of this thesis is to discover the importance of Chaoborus in the 

humic study lake. One of the main motivators of this thesis is to find suitable 

restoration methods that can be realized at the study lake. To be able to evaluate 

relevant and suitable restoration methods for the study lake via a Chaoborus 

survey, the research questions of this thesis are: 1) what is the density of 

Chaoborus in the water column and the sediment; 2) what is their distribution in 

the lake; and 3) does some fish species include them in their diet to a significant 

extent? Answers to the research questions were searched with Chaoborus 

sampling from both water column and sediment and with diet analyses of fish. 

 

2 Materials and methods 
 

2.1 Study area 
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The study area is Lake Jouttenus located in Pirkanmaa, Finland, in the 

municipality of Ruovesi (Fig. 1). Lake Jouttenus has an area of 1.29 km2 and its 

drainage basin is 23 km2. Most of the catchment area is forest land (16.5 km2) 

and only minor parts of the land use consist of agricultural or built-up areas 

(Makkonen 2013). The maximum depth of Lake Jouttenus is 12.1 m, and the 

mean depth is 3.05 meters. The deepest basin is in the north (Fig. 2).  

 

Jouttenus forms a lake chain with three other lakes, Lake Myllyjärvi, Lake 

Rikalanjärvi, and Lake Kaleton, which are located on the western and 

northwestern side of Jouttenus (see Fig. 1). Waters drain from surrounding land 

areas into Jouttenus and flow further through these three other lakes. Lake 

Jouttenus is the largest lake in the lake chain, and it largely determines together 

with the second largest lake, Lake Rikalanjärvi, the water quality in the two 

smaller lakes. Thus, if the water quality of Lake Jouttenus and Lake Rikalanjärvi 

enhances the water quality in the whole lake chain can enhance. Due to this Lake 

Jouttenus was considered as a potential target for restoration. 

Figure 1. Location of Lake Jouttenus compared to southern half of Finland. The thick blue 
lines are the shorelines of the lakes belonging to the lake chain. Black lines show the sub-
catchment areas of Lake Jouttenus (the eastern half of the whole chain’s catchment area). 
Source: karttapaikka.fi. 
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Jouttenus is a humic lake that has eutrophicated. According to Makkonen (2013) 

the external loading caused by human activities has been moderate. However, 

based on the calculations given in the restoration plan (Makkonen 2013) that 

considers the whole lake chain the nutrient concentration levels of the waters 

draining into Lake Jouttenus are estimated to contain twice as high levels of 

nutrients (phosphorus) as those of natural drainage waters. The excess 

allochthonous phosphorus causes strong eutrophication in Lake Jouttenus since 

the lake is prone to eutrophication due to its small size and sheltered location 

which prevents wind-driven turbulence (Makkonen 2013). Due to little wind-driven 

mixing the lake water circulates poorly, the autumn overturn in the water column 

might be incomplete and does not fully circulate the water in the hypolimnion as 

well (Makkonen 2013). Incomplete overturns cause oxygen deficiency in the 

deepest water layers. 

 

Oxygen concentration measurements alone suggest that the deepest layers of 

the water column have low oxygen concentration at least during summer and fall 

months (Makkonen 2013; Table 1). The release of nutrients follows from 

degradation activities in the anoxic water layers in the hypolimnion. According to 

previous measurements the amount of nutrients and iron in the deepest water 

layers of Lake Jouttenus indeed seem to imply that the oxygen deficiency in the 

hypolimnion allows nutrients such as phosphorus and ammonium to be released 

from the sediments (Makkonen 2013; Table 1). This implies that the lake is in a 

state of internal loading, which has been evident in the lake from the beginning 

of the 21st century according to Makkonen (2013).  

 

In addition, yearly blooms of blue-green algae reduce the recreational use of Lake 

Jouttenus. On the 1st of September in 2011, a chlorophyll-a value of 200 µg/l was 

measured at Lake Jouttenus (Makkonen 2013). Such high chlorophyll-a values 

suggest extensive algal blooms and the presence of Gonyostomum semen, 

which has been observed at the lake on several previous years (Makkonen 2013; 

Järvi-meriwiki). There are also some records that the local lake shore residents 

have reported worsened conditions at the lake already in the 1950s (Makkonen 

2013). Furthermore, a local lake protection association has been actively 

promoting lake restoration matters at Lake Jouttenus. The association has, for 
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example, built a floating raft with an aeration device on top of the deepest area of 

the lake to help water circulation there and organized several small-scale 

restoration projects. 

Variable 0-2 m 1 m 5 m 11 m  Unit 

Temperature  16.3 15.4 8.3 °C 

Oxygen, dissolved  8.7 7.2 L 0.2 mg/l 

Degree of oxygen saturation  89 73 L 1 sat. % 

Turbidity  12 12 51 FNU 

Conductivity  4.8 4.8 8.2 mS/m 

Alkalinity  0.21 0.22 0.62 mmol/l 

pH  7.2 6.9 6.3  

Color  44   mg/l Pt 

Total N  830 660 4100 µg/l 

Ammonium N  L 5 L 5 7 µg/l 

Total P  4 32 C 3000 µg/l 

PP  35 33 310 µg/l 

Fe  620 750 C 27000 µg/l 

Chlorophyll-a 49    µg/l 

CODMn  8.2 8.1 20 mg/l 

Visibility depth 0.5    m 

 

Furthermore, an experimental gillnet fishing was recommended in the restoration 

plan to discover further possible restoration methods. The local summerhouse 

owners have reported that Lake Jouttenus is at least inhabited by perch, roach, 

ruffe (Gymnocephalus cernua), pikeperch (Sander lucioperca), bleak (Alburnus 

alburnus), pike (Esox lucius), and bream (Abramis brama). However, there is no 

data from the fish assemblage of Lake Jouttenus, and thus, the possibilities of 

mass fish removal as a restoration method for Lake Jouttenus cannot be 

evaluated yet. It was also mentioned in the restoration plan that a Chaoborus 

survey should be arranged before considering the mass fish removal method. 

Therefore, a Chaoborus survey was planned and implemented at Lake Jouttenus 

in the summer of 2021. Previous water quality data, morphological characteristics 

of the lake, and preliminary echo sounding observations from Lake Jouttenus 

before this study all suggested that the lake could be inhabited by a dense 

Chaoborus population and thus, Lake Jouttenus was selected as the study area. 

Table 1. Measurements taken on the 7th of September 2020 from Lake Jouttenus. (C = a 
verified result over or below an alarm limit, L = a result below a determination limit, CODMn 
= chemical oxygen demand, P = phosphorus, PP = phosphate phosphorus, N = nitrogen, 
Fe = iron). Source: Hertta-database. 
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With the survey, the abundance and distribution of Chaoborus and their 

significance to implementing further lake restoration methods can be discovered.  

 

Finally, according to Salmela et al. (2021) Chaoborus flavicans is the only lake 

dwelling Chaoborus species living together with even high densities of fish in 

larger lakes. Thus, the species occurring in Lake Jouttenus is probably C. 

flavicans, and from now on C. flavicans is the only species of Chaoborus that will 

be discussed about in this thesis so it will be referred to as Chaoborus in short. 

 

2.2 Sampling 

 

To examine the density and distribution of Chaoborus in a lake sampling needs 

to be comprehensive and sampling stations need to be distributed across the 

whole lake area. Samples need to be taken from both the sediment and the water 

column. Stratified sampling, which is based on depth zones, was used for 

Chaoborus sampling. Sampling stations were selected randomly within depth 

zones. The depth zones acted as the strata used in stratified sampling. According 

to previous studies larvae density increases as the depth of the lake increases 

and there are typically no larvae at the shallower depth zones (Liljendahl-

Nurminen et al. 2002). Thus, the shallowest depth zone from 0.0 to 1.9 m was 

excluded from this study. The sampling stations were inside depth zones 2.0-3.9, 

4.0-5.9, 6.0-7.9, and ≥8 meters. In total there were 14 sampling stations (Fig. 2). 

 

Calculations with stratified sampling required the areas of each depth zone. The 

depth contours for Lake Jouttenus existed only on an old map and they were 

drawn on a newer, more updated map taken from Karttapaikka.fi website (Fig. 2).  

Depth contours (2, 4, 6, 8, and 10) relevant to this study were drawn. Then the 

new map was printed in A3 and all the depth zones were cut out and weighed. 

The islands were cut out too since they needed to be excluded from the weights. 

A ratio between the lake area in hectares and its weight in grams was calculated 

for the whole lake. With the help of this ratio, an area for each depth zone was 

calculated (see Table 2). 



 9 

 

The field work was carried out on the 22nd of June 2021 (see Table 3 for more 

detailed schedule). Sampling was done with a two-meter-high plankton net (mesh 

size 183 µm and diameter 50 cm) for water column sampling and with an Ekman 

sampler (sample size 231 cm2) for sediment sampling. The sediment samples 

Depth zone (m) 0.0-1.9 2.0-3.9 4.0-5.9 6.0-7.9 ≥8.0 

Area (ha) 31.2 61.1 24.2 9.0 2.0 

Area (% of whole lake) 24 % 48 % 19 % 7 % 2 % 

Figure 2. A map of depth contours, Chaoborus sampling stations (dark blue dots), visibility 
depth measuring station (orange dot), and gillnet locations (area marked with orange circle) 
at the study lake. Aeration device raft approx. at sampling station 4. Source: karttapaikka.fi, 
adapted with depth contour lines and sampling/measuring stations. 

Table 2. The areas of each depth zone (ha) and their percentage value of the whole lake 
area based on the calculations and weighing. The area for the whole lake was 127.5 ha (the 
value from weighing). 
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were sifted through a sieve cloth (mesh size 500 µm) before collecting the sample 

sediment into plastic sample bottles. The plankton net was hauled through the 

whole water column from bottom to surface. One haul from each sampling station 

was taken with the net and with the Ekman sampler. All samples were preserved 

in small plastic bottles and frozen afterwards for analysis. 

Sampling Method and equipment Date Sampler 

Chaoborus larvae 
and pupae 

Plankton net (whole water 
column bottom to surface) and 
Ekman sampler (sediment) 

22nd of June and 12th of 
August 2021 

RL, MV 

Oxygen and 
temperature 

Water column, every meter 
22nd of June and 12th of 
August 2021 

RL, MV 

Visibility Secchi disk From May to September MV, locals 

Echo sounding 
Double-beamed CHIRP 200 
kHz 

From June to October Locals 

Fish 
Gillnet (Nordic), 3 locations: 
shore, pelagic surface, pelagic 
deep 

4 times; between 13th of 
June and 26th of 
September 2021; day and 
night catch 

Locals 

Diet analyses 

Scoring method (perciforms), 
volume/percentage method 
(cyprinids); microscope, visual 
analysis 

See above MV 

 

To compliment the Chaoborus survey, water temperature and oxygen 

concentration in the water column were measured on five sampling stations: 4 

(depth 12.0 m), 26 (depth 2.8 m), 43 (depth 6.0 m), 55 (depth 4.8 m), and 72 

(depth 6.0 m; Fig. 2, Table 3). The measurements were taken every meter from 

surface to bottom. The sampling stations were located across the whole lake area 

to grasp possible differences or similarities in temperature and oxygen 

concentration. These measurements were made to confirm that there were no 

large differences between the different basins of the lake in water temperature 

and oxygen concentration. In addition, Secchi disk depth was measured once 

near the orange dot (Fig. 2). 

 

Table 3. A more detailed schedule of the sampling done at Lake Jouttenus. RL=Reetta 
Lehto, MV=Mika Vinni, locals = people from the lake chain protection association 
(Jouttenuksen järviketjun suojeluyhdistys ry). 
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The locals conducted echo-surveys at the lake from the end of May to October 

and measured Secchi disk depth through the study period. Equipment used in 

echo sounding was Garmin’s double-beamed Chirp with a 200 kHz frequency. 

Echo sounding was done at the deepest basin in the north (depth 12.1 m) and at 

the deepest southern basin (depth >6 meters). Dense Chaoborus swarms are 

relatively easy to recognize with echo sounding equipment (Malinen et al. 2005a). 

The echo sounder draws the population that usually forms dense flat swarms, a 

kind of a mattress formation, into the water column. This “mattress” can be at 

different depths depending on the living conditions at the lake. The changes in 

the density of limnetic Chaoborus can be roughly estimated with echo sounding 

(Eckmann 1998; Knudsen et al. 2006). Results from visibility measurements were 

saved in an online data website, and echo-surveys were recorded with videos or 

pictures and saved for further analysis. 

 

To examine if the abundance of Chaoborus is controlled by fish the locals had 

caught fish for diet analyses. The fish were caught with Nordic gillnets from 

different depths in June, July, August, and September (Fig. 2). The length of the 

Nordic gillnets was 30 m, and they had 12 panels (panel length 2.5 m and height 

1.5 m) of different sizes of mesh (from 5 to 55 mm, from knot to knot; Appelberg 

et al. 1995). The different mesh sizes are in a random order in the gillnet 

(Appelberg et al. 1995). On each study occasion the nets were set from morning 

to early evening and from evening to morning. The day catch included only 

daylight hours and the night catch included the dark and twilight periods. One of 

the gillnets was located near the shore bank (water depth 3 m, the net reached 

the bottom). Another net was in the pelagic (headline depth 1 m), and the third 

net was also in the pelagic but set deeper (headline depth 4 meters). The deep 

net was set only in June and September due to the low oxygen concentration 

prevailing in the deep layer below 4 m depth. After each fishing effort, the caught 

fish were frozen and delivered to a laboratory for further analyses. 

 

Another field trip to the study lake was made on the 12th of August 2021. 

Additional water temperature, oxygen concentration, and Secchi disk depth 

measurements were taken on that day for comparison. Furthermore, a few net 
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hauls were done to catch Chaoborus larvae and/or pupae to determine their 

approximate emergence period at the study lake. 

 

2.3 Laboratory analyses 

 

To investigate the abundance and distribution of Chaoborus in Lake Jouttenus, 

the samples were analyzed later in a laboratory. First, the samples were melted 

and prepared by collecting all Chaoborus. The Chaoborus were then counted and 

approximately two hundred larvae from the water column and ca. one hundred 

larvae from the sediment samples were measured with a microscope. After each 

sample, the wet weight of all Chaoborus in each sample were weighed (accuracy 

0.001 grams or more). All the information was collected into table format for 

further statistical analyses. After weighing, Chaoborids were preserved just in 

case in ethanol. 

 

The diet analyses for fish were conducted in a laboratory. The sample fish were 

melted from the freezer and their guts were prepared. The gut insides were 

analyzed visually and scored accordingly under a microscope. For the diet 

analyses the stomach and esophagus of perch were analyzed with a scoring 

method (Windell 1971) and the first third of the long intestine of cyprinids were 

analyzed with a volume/percentage method (Vøllestad 1985; Rask 1989). Only 

the first third of the long intestine was analyzed because there the eaten food 

items are not as fully ingested, and they are easier to recognize. First, the fullness 

of the gut was estimated and then the food items were recognized and 

determined. The analyses reveal what the sample fish have eaten before getting 

caught by the net. 

 

2.4 Statistical analyses 

 

The density estimates for Chaoborus larvae were calculated with stratified 

sampling in which the area of each depth zone was used as stratum weights. The 

idea of stratified sampling is to move as much as possible of the variation in larvae 

density data between the strata. In allocation of sampling effort, deeper strata 



 13 

were emphasized more than the shallower strata because Chaoborids tend to 

occur in deeper, preferentially hypoxic, or anoxic parts of lakes (Liljendahl-

Nurminen et al. 2002). In most cases the precision of the mean density estimate 

is higher with stratified sampling compared with the simple random sampling 

(Pahkinen & Lehtonen 1989). The advantages of stratified sampling are amplified 

if there is preliminary information how the variance or density varies in the strata. 

Here the information of the preference of Chaoborus larvae for deeper areas was 

utilized. Stratified sampling enables an unbiased computing of the estimate of the 

mean even though the sample sizes vary in relation to the areas of the strata.  

 

These following equations (Cochran 1977; Pahkinen & Lehtonen 1989) were 

applied in computing the estimate for mean Chaoborus density estimate with 

stratified sampling: 

y w yh
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yh  = mean of sample in hth stratum 

L = the number of strata 

)( hyv  = the variance of the mean density estimate in hth stratum, calculated with 

form (4), and in this form n, s2, and y  are then stratum specific  

wh = the stratum weight of the hth stratum = 
A

A

h   (3), in which 

Ah = the area of hth stratum 

A = the area of the study area 

 

The estimate for the mean of variance, which describes the precision of the mean 

of the sample, can be calculated with: 
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   (5) and 

N = the size of the population (the amount of sampling units fitting inside the study 

area) 
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n = sample size 

Typically, in a finite population the correction factor ( )1−
n

N
 is usually very close 

to one and thus it can be ignored. Then the variance of the mean density estimate 

is sample variance divided with sample size. Mean larvae density estimates were 

also calculated for each depth zone and for both water column and sediment. In 

addition, 95% confidence intervals were calculated for the mean larvae density 

estimate based on the Poisson distribution (Jolly & Hampton 1990). To test the 

significance of the calculation method the confidence intervals were also 

calculated with normal distribution. Confidence intervals help with analyzing 

uncertainty of the density estimates. 

 

The density estimates (individuals/m2) for each sampling station were calculated 

for both limnetic and benthic Chaoborus and analyzed with the R-program. The 

data was managed with the SiZer -package in a procedure where the limnetic 

density data were all pooled together, and the densities were viewed in relation 

to the depth of each sampling station. The threshold or breakpoint in density in 

relation to depth was searched with SiZer because there seemed to be a clear 

breakpoint in density of limnetic density data (Sonderegger et al. 2009). The 

theoretical background for these piecewise linear regressions is presented in 

Toms and Lesperance (2003). The benthic density data was managed separately 

in the same way. 

 

The data from Chaoborus sampling was also used to form length distributions for 

limnetic and benthic larvae. The mean lengths for both benthic and limnetic larvae 

and their 95% confidence intervals with normal distribution were also calculated. 

The difference of Chaoborus larvae lengths in different habitats and also the 

lengths of roach and perch that had eaten Chaoborus were tested with a t-test. 

The difference of including Chaoborus in diet between the fish species was tested 

with a Pearson’s Chi-Square test.  

 

3 Results 
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3.1 Temperature stratification, concentration of dissolved 

oxygen, and Secchi disk depth 

 
Temperature and oxygen concentration profiles were relatively similar in the 

whole lake (Fig. 3). In June, on the field day, the surface water temperature was 

25 °C and oxygen concentration was 9.8 mg/l in the epilimnion. Temperature and 

oxygen concentration also decreased in the water column towards the 

hypolimnion relatively similarly. These measurements suggested that there were 

no large differences between the different basins of the lake. However, the 

temperature and oxygen concentration values had some variation between the 

sampling stations. For example, in 3 m depth there were variation of 3-7 mg/l in 

oxygen concentration and 17-20 °C in temperature in June (Fig. 3a and 3b). 

 

Temperature decreased quite steadily through the water column from a maximum 

of 25.2 °C in the epilimnion to a minimum of 7.5 °C in the hypolimnion (Fig. 3a). 

The coldest water was measured in the deepest basin (station 4) and the warmest 

near the littoral area where the water was 2.8 m deep (station 26).  

 

Oxygen concentration was highest in the epilimnion at all stations and lowest at 

the northern basin >7 m depth and at the southern basin >4 m depth (Fig. 3b). 

Sampling station 4 was located at the deepest area in the north, and the depth of 

the water column was 11.8 m there. Oxygen deficiency or hypoxia started at 
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station 4 already from 4 m depth making the water column hypoxic and basically 

anoxic from 7 m depth onwards (Fig. 3b). 

 

On the 12th of August, the surface water temperature had decreased a little (21 

°C), but the oxygen conditions were even weaker (Fig. 4). In August, at all 

sampling stations (from where the measurements were taken again) there were 

ca. 0.7-2.8 mg/l of oxygen in 3.5 m depth and below 4 m there were almost no 

oxygen at all. In June, at sampling station 4, oxygen concentration in 4 m depth 

was 1.8 mg/l but in August the concentration had dropped to only 0.2 mg/l. In 

circa 4 m depth there was a sharp transition in temperature (station 4). Compared 

with June, the stratification had become stronger at the deepest areas in the north 

in August (at station 4). In addition, the water in the more southern station 43 was 

noticeably warmer in 5 m depth than in the north at station 4. In August, at 

sampling station 43 the water temperature in 5 m depth was 17 °C when at station 

4 the water temperature was 12.7 °C. Furthermore, near the aeration device raft 

(next to station 4) the air had a very strong odor of hydrogen sulfide. 
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Figure 3. Profiles of temperature (a.) and oxygen concentration (b.) on June 22nd, 
2021. Stations were purposedly chosen to cover the whole lake area to find 
possible differences between these variables. 



 17 

The Secchi disk depth was 1.05 m on the first field day on the 22nd of June, and 

on the 12th of August, it was 1.2 meters. Secchi disk depth values stayed between 

0.8 and 1.3 m through the whole study period (Fig. 5). Variation in Secchi disk 

depth was quite strong, which was probably due to rainfall and algal turbidity. In 

previous years, measurements of Secchi disk depths have been approximately 

on the same level (Makkonen 2013). 
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Figure 4. Oxygen concentration (left) and temperature (right) profiles in stations 4 and 43 on 
the 12th of August. In August, the oxygen concentration was lower below 4 m depth and 
temperature in the epilimnion had decreased when compared to measurements from June. 

Figure 5. Secchi disk depth measurements from the study lake from the end of 
May to late September. 
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3.2 Density and distribution of Chaoborus 

 
3.2.1 Chaoborus density in the summer of 2021 
 
Considering the whole study lake, at depth zones over 2 m deep the mean larvae 

density was 271 individuals/m2 as the weighted average. If the depth zone of 0.0-

1.9 m is considered too, and the Chaoborus density is expected to be zero, then 

the mean larvae density would be 202 individuals/m2. It was assumed that 

Chaoborus do not occur at the shallow littoral areas, and thus they were 

excluded, and no sampling was executed there. The whole population was 

calculated to consist of 26 154 individuals in the study lake. Most of the 

Chaoborus occurred in the sediment (22 814 individuals) and the rest (3 340 

individuals) in the water column.  

 

The highest density of larvae in the whole study lake was within depth zone 6.0-

7.9 m where the mean density was over 1400 individuals/m2 (Fig 6). The larvae 

were mostly burrowed into the sediment (1277 individuals/m2). In the same depth 

zone, the mean larvae density in the water column was considerably smaller, only 

152 individuals/m2 (Fig. 6). 
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Figure 6. The mean density of Chaoborus larvae in the studied depth zones. The 
highest density was found from the mid-depths in the sediment and only the deepest 
zones had limnetic larvae. Larvae were scarce in the shallow depths, where they 
were burrowed into the sediment (2.0-5.9 meters). 
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The 95% confidence intervals for the density estimate according to Poisson 

distribution were 160-411 individuals/m2, and according to normal distribution 

they were 148-394 individuals/m2. These two confidence intervals were quite 

similar (Fig. 7). The primary suggestion for the calculation is the Poisson 

distribution because it can manage with unique, high values, and the density of 

Chaoborus data is skewed towards the right. For example, the sampling station 

10 had a very high and a unique number of larva individuals (Fig. 8b, Table 4). 

Due to the skewness normal distribution might produce more unrealistic 

confidence intervals, for example, the lower boundary could go below zero. Since 

there is no exact previous scientific knowledge of the most suitable distribution 

for Chaoborus, the impact of the different distributions was tested here (Fig. 7). 

The selection of the used distribution did not have a great effect on the calculation 

of the confidence intervals. 

 
3.2.2 The relationship between depth and larvae density 
 
Chaoborus were lacking from most of the samples taken from the water column. 

The greatest numbers of Chaoborus in the water column occurred in the deepest 

water layers at sampling stations 4 and 7. At sampling station 4 (depth 12 m), the 

Chaoborus density was 1182 individuals/m2 in the water column, and at sampling 

station 7 the density was 668 individuals/m2 (Table 4, Fig. 8a). The mean larvae  

density in the water column of the deepest layers (areas ≥8 m deep) was 925 

individuals/m2 and in the sediment at the same depth zone it was 454 

Figure 7. The 95% confidence intervals according to the Poisson distribution (light gray) 
and normal distribution (dark gray). X = median, line inside the box = mean larvae 
density (271 ind./m2), and whiskers = 95% confidence intervals. 
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individuals/m2 (Fig. 6). At sampling station 4 there were 433 individuals/m2 larvae 

and at station 7 there were 476 individuals/m2 in the sediment (Table 4, Fig. 8b). 

Station Depth Net Ekman Total 

26 2.8 0.0 0.0 0.0 

5 3.0 0.0 0.0 0.0 

50 3.5 0.0 0.0 0.0 

1 3.8 5.0 43.0 48.0 

55 4.8 0.0 519.0 519.0 

24 5.1 0.0 433.0 433.0 

73 5.1 0.0 130.0 130.0 

30 5.2 0.0 519.0 519.0 

43 6.0 0.0 909.0 909.0 

72 6.0 0.0 519.0 519.0 

10 7.5 296.0 2943.0 3239.0 

8 7.8 311.0 736.0 1047.0 

7 11.8 668.0 476.0 1144.0 

4 12.0 1182.0 433.0 1615.0 

 

At sampling station 10, in 7.5 m depth, the densest swarm of larvae (over 2900 

individuals/m2) occurred in the sediment (Fig. 8b). Other sampling stations in the 

mid-depths had high densities of benthic larvae too, and all in all most of the 

larvae were benthic when considering the whole study lake (Fig. 6 & 8, Table 4). 

Table 4. The density (individuals/m2) of Chaoborus in the study lake at each sampling 
station. Net = Chaoborus samples from the water column, Ekman = Chaoborus samples 
from the sediment, and Total = Net + Ekman. 
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At the shallow zones, between depths of 2.0-3.9 m, both limnetic and benthic 

larvae were scarce (Fig. 6, 8a & 8b). The sampling stations 1, 5, 26, and 50 at 

the shallow depth zone had zero or only a few Chaoborus individuals (Table 4). 

No Chaoborus pupae were found from any of the samples. 

 

3.2.3 Length distribution and mean length of Chaoborus 
 

The mean length for benthic larvae was 8.4 mm and for limnetic larvae it was 9.0 

millimeters (Fig. 9). Both length distributions appeared to be unimodal.  

 

Figure 8. The density of Chaoborus (individuals/m2) in the water column (a.) and in the 
sediment (b.) at each sampling station. Threshold means the depth of the water column where 
the number of larvae starts to grow (a.) and after growing decrease again (b.). Threshold depth 
in water column was 5.9 m and 7.5 m in sediment. The gray area is the bandwidth of the curve. 
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The length data was tested with a t-test, which showed that the mean length of 

the limnetic and the benthic larvae differed significantly (p = <0.001). When the 

confidence intervals for mean lengths were calculated the confidence intervals 

according to normal distribution for limnetic larvae were 8.9-9.1 mm, and 8.2-8.6 

mm for benthic larvae (Fig. 10). The confidence intervals were very short, and 

thus the sample size (n=210 water column; n=101 sediment) had been large 

enough for the precise estimation of the mean (Fig. 10). 

 

3.2.4 Echo sounding observations and distribution of larvae 
 

Figure 9. Length distribution of Chaoborus larvae a. in the water column and b. in the 
sediment. Mean length of larvae in the sediment was 8.4 mm (n = 101) and for larvae in 
the water column it was 9.0 mm (n = 210). 

Figure 10. The lengths of the larvae in both habitats and their 95% confidence intervals 
according to normal distribution. There is a clear gap between the minimum of water 
column and the maximum of sediment. X = median, line inside the box = mean length 
of larvae, and whiskers = 95% confidence intervals. 
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Echo sounding at the study lake’s southern basin (max. depth only >6 m) did not 

reveal any limnetic larvae swarms. However, the locals surveyed the southern 

basin only two times while they did many repeating surveys at different occasions 

at the northern basin. 

 

Echo sounding at the northern basin (max. depth >12 m) revealed that the 

limnetic Chaoborus population was usually located between 5.5-8.5 m depth in 

June and for the first half of July (Fig. 11a). Larvae were most abundant during 

this period as the population was drawn as yellow-orange by the echo sounder. 

A common sight during June to early July at daytime was that a dense Chaoborus 

population appeared on the screen of the echo sounder when water depth was 

over 6 meters. The upper boundary of the larvae layer was located at 6 m and it 

reached the sediment as a dense mat. When deeper water layers (over 10 m) 

were reached, the population did not usually reach the bottom anymore (Fig. 

11a). Thus, between 10-12 m there were very little larvae and the echo sounder 

drew only sparsely located blue dots, or no larvae at all.  

 

 

Figure 11. Pictures of the echo sounder’s screen. Swarm of larvae on the 6th of June (a.) at 
daytime, on the 6th of July (b.) at nighttime, and on the 21st of August (c.) at daytime. The 
swarm of limnetic Chaoborus is the yellow-orange coloration and blue dotting in the water. 
The densest swarm of larvae is between ca. 6-9 m (yellow-orange coloration). The larger spots 
on top of the larvae swarms are fish. 

sediment 

sediment 
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Echo sounding observations made at night at the northern basin revealed that 

the limnetic larvae population had reached a shallower depth between ca. 3-5 

meters. The larvae had clearly started to migrate upwards toward the epilimnion 

already at 11 pm (Fig. 11b). Once the larvae population had reached only 1.9 m 

depth at nighttime and the whole depth of the water column was only 5 meters. 

The population was dense yellow-orange and it was clearly closer to the littoral 

zone. These observations demonstrate both the vertical and horizontal migration 

behavior of the larvae.  

 

Starting approximately from the last half of July to the last half of August the 

swarms of limnetic larvae seemed sparser on the echo sounder’s screen at the 

northern basin. Instead of the typical yellow-orange coloration, the swarm was 

drawn on the screen mostly as sparsely located blue dots (Fig. 11c). The depth 

of this blue coloration was the same as previously ca. 5.5-8.5 meters. The 

decrease in the density of limnetic Chaoborus was also supported by the plankton 

net hauls done on the 12th of August because the deep layers were basically 

empty when only few small Chaoborus larvae (length ca. 5 mm) were caught then 

in the first place. 

 

From early September (5th of Sept.) the echo sounder was again drawing a dense 

yellow-orange swarm of limnetic larvae in the water column at the deepest areas 

of the northern basin. The larvae were located close the bottom sediment in all 

videos. In late September echo-surveys showed sometimes a dense limnetic 

larvae population and sometimes only sparse, blue dotting, which suggested that 

the occurrence of the limnetic population fluctuated. Last observations made on 

October 17th showed again only sparse blue dotting. 

 

3.3 Diet analyses of roach and perch 

 
3.3.1 Chaoborus in the diets of roach and perch 
 
Only a small portion of the diets of roach and perch consisted of Chaoborus 

larvae in June (Fig. 12 & 13). In early July, however, over 50% of the daytime diet 

and almost 90% of the nighttime diet of roach consisted only of Chaoborus larvae 
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(Fig. 12). In early July, perch had eaten Chaoborus both during the day and at 

night (Fig. 13). On the 31st of July and 1st of August, larger perch individuals had 

eaten also Chaoborus at night, though, the share of larvae from the total diet is 

very small. Smaller perch did not eat Chaoborus at all in July-August (Fig. 13). 

Both pupae and larvae of Chaoborus were found in the diet of roach at nighttime 

on the 1st of August. No Chaoborus larvae or pupae were found from the diet of 

roach or perch in September (Fig. 12 & 13). 
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Figure 12. The gut contents of roach analyzed with a volume/percentage method from 
the long intestine. It appears that Chaoborus larvae were popular food items in early July. 
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The total number of roach that had eaten Chaoborus was 52 (total number of 

studied roach = 259) and for perch it was 8 (total number of studied perch = 206). 

They were tested with a Pearson’s Chi-Square test. The difference between the 

two species was significant in relation to including Chaoborus into their diets 

(Chi=26.8, df=1, p<0.001). In addition, the lengths of roach and perch that had 

eaten Chaoborus did not differ significantly (two-sided t-test, t=-1.556, df=58, 

p=ns). 

 

3.3.2 Other food items 
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Figure 13. The gut contents of perch analyzed with a scoring method from the esophagus 
and stomach. Chaoborus larvae seemed to be less important food items for perch in 
general when compared to roach. 
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It appears that roach favored cladocerans and more specifically bosminids in their 

diet in June (Fig. 12). Other zooplankton (Copepoda, Leptodora, Chydorus) and 

Chironomidae formed nearly the rest of the diet of roach. Perch had eaten a lot 

of other perch both during the day and at night in June (Fig. 13). Other popular 

food items were other zooplankton (Chydorus, Limnosida, Diaphanosida, Sida, 

Eurycercus, Leptodora), and Chironomidae. Perch had also eaten daphnids, 

copepods, and other zoobenthos (Asellus, Notonectidae). Other zoobenthos was 

also present in the diet of perch during the day (Fig. 13).  

 

In early July, bosminids and other zooplankton were popular in the diets of roach 

(Fig. 12). Leptodora was the most common food item in perch stomachs during 

the day and at night in early July (Fig. 13). Cannibalism was found, too, because 

especially at night perch had eaten other perch (Fig. 13). Daphnids and copepods 

were also included in the early July diet of perch.  

 

In July-August, the roaches had eaten again a lot of cladocerans dominantly 

daphnids (Fig. 12). The roach had also eaten quite a lot of detritus both during 

the day and at night. Furthermore, the roaches had eaten a lot of Chironomidae, 

and surface insects at night, and a bit of other zooplankton and other food items 

such as Ostracoda and plant material during the day and at night (Fig. 12). In 

July-August, the guts of the larger perch individuals consisted of either smaller 

perch or other fish (bream, roach) both during the day and at night (Fig. 13). The 

diet of small perch consisted mostly of other zooplankton and Leptodora during 

the day. At night, they had eaten mostly copepods and Chironomidae. Larger 

perch individuals had eaten Chironomidae and Leptodora too.  

 

In late September, the diet of roach consisted mostly of detritus and surface 

insects during the day and at night, and less of cladocerans (Fig. 12). In 

September, large perch individuals had eaten mostly smaller perch during the 

day and Chironomidae during the day and at night too (Fig. 13). The diet of the 

caught smaller perch consisted of other zooplankton, daphnids, and copepods 

both during the day and at night (Fig. 13). At night, the smaller perch also ate 

some Chironomidae. 
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4 Discussion 
 

4.1 Chaoborus in Lake Jouttenus 

 
4.1.1 Comparison of Chaoborus density and findings of distribution 
 
The mean density of Chaoborus in Lake Jouttenus was the lowest when the 

density of Chaoborus was compared to other studied lakes (Fig. 14). The 

densities in other lakes might be higher because they are clay-turbid lakes and 

Jouttenus is a humic lake. Clay-turbidity together with depth, low light conditions, 

and low oxygen concentration in the hypolimnion supports the high density of 

Chaoborus (Liljendahl-Nurminen et al. 2002; Horppila & Liljendahl-Nurminen 

2005). However, Lakes Piilolammi and Pannujärvi are humic lakes, and they have 

the highest densities of Chaoborus in figure 14. The high density of Lake 

Piilolammi probably resulted from an efficient refuge for the larvae and from a fish 

assemblage, which did not include efficient Chaoborus predators (Malinen et al. 

2011a). At Lake Pannujärvi the high density could be explained by exceptionally 

low oxygen concentration in the hypolimnion (Malinen & Vinni 2013a).  

 

However, Lakes Sahajärvi and Kytäjärvi are clay-turbid lakes and their 

Chaoborus density was 276 individuals/m2 in Lake Sahajärvi (Malinen et al. 2008) 

and 260 individuals/m2 in Lake Kytäjärvi in areas over 1.5 m depth (Malinen et al. 

2011b). It should be noted that even though the mean density of Chaoborus in 

the humic study lake, Lake Jouttenus, was 271 individuals/m2 it was in areas ≥2 

meters. When the number of Chaoborus was expected to be zero in depth zones 

0.0-1.9 m the mean density of larvae in Lake Jouttenus was estimated as 202 

individuals/m2 in the whole lake. Thus, the depth zones used in the calculations 

can also influence the mean density estimates. In addition, the amount and 

distribution of sampling stations might influence the mean larvae density 

estimates. The sampling of Chaoborus was weighted to emphasize the deeper 

areas with stratified sampling at Lake Jouttenus, but, for example, in the study 

including Lakes Sahajärvi and Hunttijärvi the sampling was not weighted to 

emphasize the deeper areas of the lakes (Malinen et al. 2008). 
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It should be also noted that the lakes from other studies in figures 14 and 15 had 

an exceptionally high density of Chaoborus. Thus, these lakes do not represent 

the average densities of Chaoborus in lakes and here the relatively low density 

of Chaoborus in Lake Jouttenus was compared to these lakes with a particularly 

high Chaoborus density. The results of these other studies are, however, 

comparable with the results of this current study since the sampling has been 

conducted with the same equipment and methods. The sampling has also been 

done approximately at the same time in May-June in all studies. 

 

Surprisingly, the greatest larvae density (>1400 individuals/m2) was found from 

depth zones between 6.0-7.9 m at Lake Jouttenus. Most of the larvae were 

burrowed into the sediment in this depth zone regardless of hypoxia and darkness 

in the water column. Humic substances might not provide as good of a visual 

refuge as clay-turbidity and low oxygen concentration does not provide enough 

refuge by itself (Pekcan-Hekim et al. 2006; Liljendahl-Nurminen et al. 2008). 

Thus, it appears that the hiding behavior of the Chaoborus and their relatively low 

density at Lake Jouttenus could be partly explained by the lack of a strong refuge. 
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Figure 14. The mean density estimates for Chaoborus larvae in areas >1.5 m depth and their 
95% confidence intervals in several other studied Finnish lakes (Malinen & Vinni 2013a). The 
other lakes are clay-turbid except Lakes Pannujärvi, Piilolammi, and Jouttenus are humic 
lakes. The density values include Chaoborus densities both in the water column and the 
sediment. At Lake Piilolammi the sediment was sampled with a Kajak sampler (Malinen et al. 
2011a) and not with an Ekman sampler as in the other studies. 
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Perhaps studies considering watercolor and Chaoborus could shed light on the 

efficiency of humic substances as providing visual refuge for Chaoborus. 

 

Furthermore, the limnetic larvae were quite restricted to the deep areas of the 

northern basin (max. depth 12.1 m), which had the lowest oxygen concentration 

and the least amount of light in the water column. Thus, the avoidance of 

predators appeared to be the easiest for Chaoborus at the deepest areas in the 

north where indeed the highest density of limnetic Chaoborus clearly occurred. 

Deep sampling stations (areas ≥8 m) had less benthic than limnetic larvae, and 

the water column was hypoxic starting from 4 m depth or even anoxic near the 

bottom, which allows the larvae to stay in the water column (cf. Pekcan-Hekim et 

al. 2006; Liljendahl-Nurminen et al. 2008). However, the area of this depth zone 

(areas ≥8 m) is only 2.05 ha, which is 2% of the whole lake area. Perhaps, if the 

deep area in Lake Jouttenus would have been larger and/or deeper, the mean 

Chaoborus density could have been higher and their range larger. However, in 

agreement with previous studies, depth together with low light conditions and 

hypoxia created the most suitable refuge conditions for the limnetic Chaoborus in 

lake Jouttenus. 

 

The lack of a strong refuge could also explain why the southern lake basin had 

no limnetic Chaoborus. In the southern basin good light conditions do not provide 

enough shelter from fish predation because the basin is not deep enough and 

there are no refuge zones of low oxygen concentration since the epilimnion 

almost reaches the bottom. Liljendahl-Nurminen et al. (2008) argued that depth 

favors Chaoborus because stratification contributes to the formation of refuge 

zones and a daytime refuge provides better possibilities for finding prey. For 

example, in a study from Lake Vähä-Tiilijärvi the Chaoborus population was 

shown to be very scarce due to good light conditions in the water column (Malinen 

& Vinni 2020). However, in Estlander et al. (2009) the density of Chaoborus did 

not clearly correlate with water color because from their four study lakes the 

lightest water color and the second highest density of Chaoborus occurred in the 

same lake. In Estlander et al. (2009) the low oxygen concentration together with 

high water color seemed to mainly dictate the density of Chaoborus. Thus, depth 

creates darkness and enables both the lake to stratify and the larvae to migrate 
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in the water column, which allow the larvae to escape from their predators (cf. 

Liljendahl-Nurminen et al. 2008; Malinen & Vinni 2020). Thus, Chaoborus in the 

southern basin of Lake Jouttenus were hiding in the sediment because burrowing 

allowed their survival. 

 

4.1.2 Comparison of Chaoborus mean lengths 
 

The benthic Chaoborus in Lake Jouttenus were shorter than in other studied 

Finnish lakes when mean lengths of benthic larvae were compared (Fig. 15). 

Lakes Pannujärvi, Suolijärvi (Hyvinkää), and Piilolammi are humic lakes too like 

Lake Jouttenus, but the others are clay-turbid lakes. In general, the mean length 

of benthic larvae in humic lakes has been a little shorter when compared to clay-

turbid lakes. However, the mean length of benthic Chaoborus in Lake Jouttenus 

was very short when compared to the other studied lakes in Malinen and Vinni 

(2013a). It might suggest that the amount of prey was low, or the larvae were 

forced to hide constantly, and they could not get to their prey, and thus, the larvae 

grew slowly due to lack of resources. The nutritional situation could also have 

been so weak in Lake Jouttenus that even the relatively small Chaoborus 

population was too dense or overly dense and caused the lack of resources. For 

example, in Malinen and Vinni (2017) the short lengths of Chaoborus were 
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Figure 15. The mean length of Chaoborus larvae in the sediment and their 95% confidence 
intervals in several studied Finnish lakes. Lakes Pannujärvi, Suolijärvi (Hyvinkää) and 
Piilolammi are humic lakes too like Lake Jouttenus. The rest are clay-turbid lakes. The mean 
lengths of Chaoborus in other lakes from Malinen and Vinni (2013a). 
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probably the consequence of an overly dense population of Chaoborus which 

could have caused the lack of resources. However, there was not a zooplankton 

survey coupled to this current study, which could have shed light on the nutritional 

situation and on the zooplankton assembly of Lake Jouttenus.  

 

At Lake Jouttenus, the length distributions of Chaoborus were unimodal both for 

benthic and limnetic larvae, which suggested that there was probably only one 

main emergence period. On the 22nd of June, no pupae were found, which 

indicates that the beginning of the hatching period was not close yet. On the 12th 

of August, the deep areas of the north were practically empty of larvae, which 

suggested that the hatching had happened between the field days and shortly 

before the second field day because only a few larvae from the new generation 

were caught. It has been noted that Chaoborus in clay-turbid lakes hatch earlier 

than in humic lakes (e.g. Malinen et al. 2011a; Malinen & Vinni 2013a). For 

example, in the study of Liljendahl-Nurminen et al. (2002) at the clay-turbid Lake 

Hiidenvesi the highest Chaoborus biomass occurred in May-June and the new 

larvae generation inhabited the lake already in late July and early August. In Lake 

Jouttenus, however, the highest limnetic larvae biomass occurred approximately 

in June-July and the new generation appeared on early September. Thus, the life 

cycle of larvae in these lakes differ by approximately a month from each other. 

 

The length of the larvae life cycle is influenced by variables such as water 

temperature, the amount and quality of food items, burrowing behavior, and the 

length of the daylight period (Parma 1971). Chaoborus might not grow as quickly 

in humic lakes than in clay-turbid lakes because as formerly mentioned humic 

substances do not provide as an efficient refuge from predators as clay-turbidity 

together with low light and low oxygen conditions (cf. Horppila & Liljendahl-

Nurminen 2005; Pekcan-Hekim et al. 2006; Liljendahl-Nurminen et al. 2008). 

Thus, an efficient refuge allows the larvae to graze on food items and to stay in 

the water column. Parma (1971) also discusses that larvae do not grow while 

burrowed into the sediment, which appears to be the situation in Lake Jouttenus 

because the Chaoborus larvae were very short and hiding a lot in the sediment. 

In addition, Stenson (1990) found that acidic conditions (pH min. 4.5; max. 4.8) 

together with weak nutritional resources influenced the size of Chaoborus larvae 
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significantly via producing stress. Between years 2019 and 2020 the value of pH 

had varied between 5.9-7.1 in 5 m depth in Lake Jouttenus (Hertta-database). 

Further studies on pH and Chaoborus could provide information on the effects of 

acidity to larvae lengths in humic lakes in general. 

 

4.1.3 Other findings 
 

Echo-surveys made at night suggested that Chaoborus migrated vertically in 

Lake Jouttenus. Chaoborus migrated towards the epilimnion at night to predate 

on zooplankton, and at dawn swam back into the hypolimnion to the refuge zone. 

Similar migration behavior has been observed in several other studies (Malueg & 

Hasler 1966; Parma 1971; Sardella & Carter 1983; Horppila et al. 2000).  In 

addition, the larvae did not occur immediately at 4 m depth when the oxygen 

concentration decreased to unsuitable levels for fish rather the larvae mat usually 

occurred slightly deeper at 5 m depth. This probably resulted from the risk of fish 

predation too since fish can search for prey even in low oxygen concentration 

(e.g. Rahel & Nutzman 1994; Malinen et al. 2005b; Horppila et al. 2009). 

 

An echo-survey done at mid-July at night revealed that limnetic Chaoborus 

occurred at a quite shallow depth near the littoral zone at Lake Jouttenus. These 

may not have been Chaoborus larvae but rather pupae. Parma (1971) observed 

that Chaoborus pupae can burrow into the firmer sediment near the littoral zone 

while the larvae do not burrow into the shallows. However, at least Liljendahl-

Nurminen et al. (2002) did not find significant correlation between the sediment 

quality and larvae density at Lake Hiidenvesi. Borutsky (1939) and Wood (1956) 

suggested that Chaoborus might migrate to shallower depths due to the 

approaching of emergence period and hatching. In addition, in echo-surveys 

done between late September and mid-October Chaoborus appeared to gather 

again into the deepest areas of Lake Jouttenus. Then Chaoborus density 

decreased which probably resulted from the burrowing of the new generation for 

overwintering as Chaoborus tend to accumulate in deep areas in fall (Borutsky 

1939; Wood 1956). Thus, the observations from Lake Jouttenus would be 

compatible with previous observations about pupae migrating to shallower depths 
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in late summer and larvae accumulating into deep areas of lakes in fall (Borutsky 

1939; Wood 1956; Parma 1971). 

 

In addition, annual variance in the population size of Chaoborus should be 

considered together with the results of this current study. Repeated studies 

between 1999-2017 from Lake Hiidenvesi have shown that the annual variation 

of the Chaoborus population size can be large (Malinen & Vinni 2017). According 

to Malinen and Vinni (2017) most of the variation can be quite well explained by 

calculating the thermal sum of plus degree-days. In general, weather conditions 

appeared to explain the variance because after warm summers the density of 

Chaoborus was high and after cool summers the density was low (Malinen & 

Vinni 2017). The size of the parent population and the following new larvae 

population do not appear to have a connection that would explain the size of the 

new emerging generation (Malinen & Vinni 2017). However, they discussed that 

in case of a low larvae density, this connection cannot be fully excluded because 

the lowest density was 690 individuals/m2 in 2017 (Malinen & Vinni 2017). This is 

the case with Lake Jouttenus because the mean density estimate was 271 

individuals/m2 there. It should be also noted that Lake Jouttenus is a completely 

different kind of lake in comparison to Lake Hiidenvesi. 

 

Therefore, the warm and sunny weather in the early summer of 2021 might have 

a positive impact on the development of the following Chaoborus year class (cf. 

Malinen & Vinni 2017). Thus, the next generation might be even more abundant 

in the next summer of 2022. Similarly, the size of the Chaoborus population this 

year in 2021 at Lake Jouttenus might be smaller than on average and give 

misleading results. Furthermore, many other factors such as changes in 

biological interactions or in abiotic variables could influence the size of the 

Chaoborus population. Only monitoring and repeated studies could give reliable 

answers and take several varying environmental factors into consideration. 

 

4.2 Is the size of Chaoborus population controlled by fish? 

 

The gillnets set for catching fish for diet analyses suggested that fish avoided the 

water column below 4 m depth at the pelagic. One of the gillnets was set to the 
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deep pelagic in June and September and only few fish were caught with those 

gillnets. The fish were caught near the net’s headline, which was in 4 m depth 

and rest of the net below was empty. Other gillnets near the shore bank and at 

the epilimnion of the pelagic caught more fish. Furthermore, the oxygen 

measurements near the aeration device raft at the deep pelagic in the north 

suggested that the oxygen concentration below 5 m depth generated practically 

anoxic living conditions for fish. The aeration device appears not to circulate water 

efficiently enough to provide any benefits for the oxygen conditions there. Thus, 

the fish seemed to avoid the low oxygen concentration at the deep pelagic where 

the density of Chaoborus was the highest. However, the low oxygen 

concentration did not fully restrict the fish that were searching for prey (cf. Rahel 

& Nutzman 1994; Malinen et al. 2005b; Horppila et al. 2009). 

 

The diet analyses of this current study suggested that Chaoborus represented a 

relatively important food item for roach at least in July. In July at nighttime, almost 

all the gut contents of roach consisted of Chaoborus. Only two roach individuals 

had also other food items in their guts. However, roach did not include Chaoborus 

abundantly in their diet during the whole study period. Perch did not seem to 

include Chaoborus significantly into their diet because the number of perch 

individuals that had eaten Chaoborus was low in all study occasions and if perch 

had eaten Chaoborus there were also other food items in the guts too. Roach 

had eaten more Chaoborus than perch, which might result from perch relying 

more on its vision as a predator than roach (Helfman 1979; Bergman 1988; Diehl 

1988; Jansen & Mackay 1992). Thus, perch appeared to be more restricted by 

the humic substances and low light conditions prevailing in Lake Jouttenus than 

roach (cf. Estlander et al. 2010). All things considered; it is possible that roach 

slightly controlled the Chaoborus population in Lake Jouttenus, but perch did not. 

However, the situation could change if the fish density changed in Lake 

Jouttenus, for example, after a mass removal of fish. At least the presence of fish 

and the kairomones they produce might scare the Chaoborus forcing them to hide 

(Dawidowicz et al. 1990; Tjossem 1990). Furthermore, the kairomones produced 

by fish may already alone force the larvae to hide, and thus, if fish were removed 

Chaoborus might stay in the water column, which could change the state of the 

lake for worse. 
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It should be also noted that in this current study the number of studied roach and 

perch varied between species and study occasions. There were not enough 

different sized perch to be studied on every occasion because the number of 

studied perch varied between different catches from 6 to 40 individuals. The 

number of studied roaches was more stable since they varied only between 29-

40 individuals. Furthermore, the locals had taken some of the largest perch and 

they were not analyzed at all, which might influence the results. In addition, a 

significant percentage of the caught fish (over 95%) were perch or roach, and 

other fishes (bream, bleak) represented a very small portion of the catch. Some 

of the bream and bleak individuals that were analyzed had eaten Chaoborus. 

However, due to the lack of results any proper conclusions cannot be drawn on 

how all the other fish species than roach and perch included Chaoborus in their 

diets. The gillnets were not set evenly across the lake area and thus, for example, 

fishes that occur mostly in shallow depth zones might be missing due to low 

capture percentage rate. This study was planned to emphasize the diets of the 

fish occurring at the pelagic area of the northern basin because the densest 

Chaoborus population most likely occurred there (cf. Liljendahl-Nurminen et al. 

2002).  

 

4.3 The plague of Lake Jouttenus? 

 

It appears that Chaoborus might not be behind of the yearly blooming of blue-

green algae during summer months. However, a strong bloom of Gonyostomum 

semen was detected below 2 m depth on the 12th of August, which suggested 

that the plague of Lake Jouttenus might not be the blooming of blue-green algae 

but rather the blooming of a mixotrophic organism G. semen. At Lake Jouttenus 

high values of chlorophyll-a have been connected to the blooming of G. semen 

(Makkonen 2013), and the species has been observed at the lake on several 

other years too (Järvi-meriwiki). 

 

G. semen typically thrives in environments that resemble the conditions of Lake 

Jouttenus. Allochthonous humic substances draining from the surrounding 

forested catchment area provide a rich source of dissolved organic carbon (DOC) 
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for the use of organisms such as G. semen (Trigal et al. 2011). The seeping of 

phosphorus from the bottom sediment at Lake Jouttenus also favors G. semen 

since it can migrate vertically between water layers (Salonen & Rosenberg 2000). 

Vertical migration allows G. semen cells to reach the phosphorus rich water in 

the hypolimnion of Lake Jouttenus where it can gain nutrients scarce in the 

epilimnion and avoid metabolic losses (Salonen & Rosenberg 2000). 

Furthermore, mixotrophy provides G. semen advantage over other algae since it 

can switch from autotrophy during the day to heterotrophy at night. During a 

bloom, G. semen cells can form 95% of the whole phytoplankton biomass (Rask 

et al. 1998; Hehmann et al. 2001), and recurring blooms are typical for it if it has 

once reached a high biomass (Hehmann et al. 2001; Willén 2003). 

 

Trigal et al. (2011) tried to establish possible connections between Chaoborus 

and blooming of G. semen in humic lakes because these two organisms seem to 

prefer similar habitats. However, due to the difficulty of interpreting the causality 

of food web interactions and availability of resources in their study lakes Trigal et 

al. (2011) could not establish clear causality between the two organisms. In 

addition, Malinen & Vinni (2013a) discussed that there is little scientific evidence 

of the interaction of G. semen and Chaoborus, but they suggested these two 

organisms could in theory benefit from the presence of the other in the same lake.  

 

At Lake Jouttenus the Chaoborus population was not very dense, although, the 

blooming of G. semen seemed intensive. In the study of Trigal et al. (2011) the 

high biomass of G. semen was accompanied by a large Chaoborus population, 

however, all lakes that had large Chaoborus population did not have a high G. 

semen biomass. Thus, it does not seem very likely that there is a clear, straight-

forward benefitting interaction between these two organisms, but further studies 

could help in formulating their possible relationship. 

 

4.4 Recommendations for restoration 

 

From the perspective of restoration methods roach would have been the targeted 

species if mass removal of fish would be an option. However, it is not 
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recommended to remove roach since they ate Chaoborus at least at the time 

when the density of larvae was the highest. There is a possibility that in theory 

Chaoborus population could grow and expand their range if the number of fish 

predators decreased significantly as speculated by Malinen & Vinni (2013b). 

Liljendahl-Nurminen et al. (2005) also speculated that a more abundant 

occurrence of Chaoborus could enhance the blooming of blue-green algae via 

the increased predation pressure on zooplankton, which reduces the predation 

pressure on phytoplankton. This could be the case in Lake Jouttenus. Other 

fishes might also influence the density of Chaoborus population by predating on 

the larvae. However, without proper results of the effects of the other fishes it is 

not recommended to realize a mass removal of fish. 

 

Monitoring studies of stocking smelt in lakes troubled by Chaoborus have shown 

changes in the behavior of the larvae. For example, Lake Alajärvi was previously 

bothered by Chaoborus and extensive blooms of blue-green algae, however, 

after the successful stocking of smelt the behavior of Chaoborus changed more 

towards hiding deep in the water column and burrowing into the sediment 

(Malinen & Vinni 2019). The diet analyses of fish caught from Lake Alajärvi have 

shown that adult smelts ate Chaoborus effectively whereas other former 

dominant fishes (perch and vendace) did not (Malinen & Vinni 2019). Smelt, 

however, requires cold water temperatures and enough oxygen in the water 

column (Dembinski 1971; Nellbring 1989). In case of Lake Jouttenus smelt 

stocking will not be an option because the oxygen conditions are so poor. In 

addition, the dark-colored water of Lake Jouttenus may promote the warming of 

the water temperature to a such level during summer months which is not 

preferred by smelt (cf. Dembinski 1971; Nellbring 1989). Thus, smelt that prefers 

colder water temperatures may not even be able to adapt to the living conditions 

in Lake Jouttenus. 

 

All restoration methods that aim to reduce the humic substances and nutrients 

draining from the catchment area of the lake could be the most efficient methods 

for Lake Jouttenus. The enhancement in visibility depth and water clarification 

would influence both Chaoborus and G. semen in long-term. The Chaoborus 

would become more prone to fish predation when their daytime refuge in the 
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hypolimnion of the deep areas would be less effective. Vertical migration would 

become more dangerous for the larvae, they could not be able to grow or graze 

zooplankton as efficiently as before, and they would need to hide even more than 

before. Thus, the population would stay as sparse as possible. G. semen, on the 

other hand, benefits from the abundant inputs of dissolved organic carbon 

draining from the surrounding catchment area (Trigal et al. 2011). If the amount 

of DOC decreases, G. semen would not be in such an advantageous position 

when compared to other algae species in the lake and would not be able to bloom 

as often or as extensively. This would benefit the overall recreational usage of 

the study lake. 

 

One of the most challenging issues concerning the restoration of Lake Jouttenus 

is to assure the landowners to commit to reducing the external loading from the 

catchment area. Several restoration methods have been proposed in the 

restoration plan (Makkonen 2013), but according to the locals none of them have 

been realized. It is highly recommended to implement water protection measures 

that decrease the inflow of DOC and nutrients from the catchment area to 

enhance the visibility depth of the lake. It is not recommended to invest in projects 

that demand large funding if they provide benefits only in short-term and the 

results will not be lasting. Some restoration methods such as chemical treatments 

could provide a rapid change in the state of a lake, but they would most probably 

require repeating treatments in Finnish conditions (cf. Oravainen 2005). 

Furthermore, environmental conditions, and lake hydrology and morphology have 

been found to influence the success of chemical treatments in lakes (e.g. Bakker 

et al. 2016; Huser et al. 2016). Thus, background studies of the treated lake and 

careful planning are of grave importance when selecting a treatment. Longevity 

of the results is not self-evident and monitoring studies are needed to assess the 

results (cf. Bakker et al. 2016; Huser et al. 2016). Furthermore, the rapid and 

drastic changes in the living conditions of the lake organisms could possibly 

cause harm to the ecological functioning of the lake (Bakker et al. 2016). Hence, 

financial investments should be targeted towards lasting solutions that would not 

compromise neither the recreational nor the ecological values of Lake Jouttenus. 
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5 Conclusions 
 

The mean density of Chaoborus in Lake Jouttenus was a little lower than 

expected, only 271 individuals/m2 in areas over 2 m depth. Most of the Chaoborus 

were hiding in the sediment between 6.0-7.9 meters. The highest density of 

limnetic Chaoborus was found from areas ≥8 m depth. The lack of an efficient 

refuge could explain both the low mean density and the distribution of Chaoborus 

(Pekcan-Hekim et al. 2006; Liljendahl-Nurminen et al. 2008). Low light conditions 

and low oxygen concentration created a safe refuge for limnetic larvae only in the 

deepest areas (≥8 m depth) of the lake in the north. In the shallower depth zones 

(<6 m depth) or in the southern lake basin of Lake Jouttenus, the larvae were 

probably too exposed to fish, and thus the daytime distribution of Chaoborus was 

restricted only to the sediment.  

 

In addition, the lack of resources could also explain the low mean density and the 

low mean length of benthic Chaoborus in Lake Jouttenus (cf. Malinen & Vinni 

2017). The mean length of benthic Chaoborus was lower in Lake Jouttenus than 

in the other studied Chaoborus lakes. Slow growth may result from the lack of 

resources alone, or also from, for example, the larvae not being able to reach 

their prey in the epilimnion at daytime since they were too exposed to fish 

predators in water column, which could have caused the lack of resources too.  

 

The low oxygen concentration in the hypolimnion of the study lake did not fully 

restrict the fish from predating on Chaoborus (cf. Rahel & Nutzman 1994; Malinen 

et al. 2005b; Horppila et al. 2009). The diet analyses revealed that perch did not 

include Chaoborus in its diet to a significant extent, but roach ate Chaoborus 

when the density of larvae were at its highest. However, if the fish density 

decreased the density of Chaoborus could increase, and thus, mass removal of 

fish is not recommended. 

 

All things considered; it appears that Chaoborus are not behind the yearly 

blooming of blue-green algae in Lake Jouttenus. The internal loading of the lake 

and the loading of nutrients and humic substances from the catchment area could 
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possibly be the main reasons behind the blooms of blue-green algae and G. 

semen during summer season at the study lake (cf. Makkonen 2013). 

 

All restoration methods aiming at reducing the external loading of humic 

substances and nutrients especially from the lake catchment area could be the 

most efficient methods for Lake Jouttenus. In best case scenario restoration 

methods can improve the state of the study lake and preserve both recreational 

and ecological values. Financial losses can be avoided if only the most suitable 

and effective restoration methods will be implemented. Frankly, it would be 

pointless to invest into expensive short-term methods because they will not 

provide positive lasting changes. While long-term plans have the highest 

probabilities to be successful, the results will, however, most probably and 

unfortunately be achieved in the distant future. The results of this current study 

can help with planning restoration projects on the national level because many 

lakes in Finland are dystrophic and have a hypoxic hypolimnion. 

 

6 Acknowledgements 
 

I want to address my gratitude to Maa- ja vesitekniikan tuki ry for the financial 

support for my master’s thesis. Many thanks also to KVVY Tutkimus Oy for being 

an integral part of my career path towards my dream future job. Thanks to the 

University of Helsinki for providing the equipment and working spaces to make 

everything possible. A small sign of gratitude also to the actives from 

Jouttenuksen järviketjun suojeluyhdistys that were very helpful with providing the 

fish for analyses and echo sounding data for this study. 

 

Most of all I want to thank my supervisors Tommi Malinen and Jyrki Lappalainen 

for all the feedback and active e-mail exchange that we had. Thank you Tommi 

for providing me my thesis topic, for your expertise and guidance on the subject, 

and for investing your time in this project. Thank you, Jyrki, for quick responses 

to all my pressing questions and giving me support with the statistics. Thank you 

both for all the encouragement along the way. I appreciate your help a lot. I also 

want to thank Mika Vinni for all the help in the field and in the lab, for your sincere 

feedback about my work, and for being interested in this project. 



 42 

References 
 

Appelberg, M., Berger, H.-M., Hesthagen, T., Kleiven, E., Kurkilahti, M., 

Raitaniemi, J. & Rask, M. (1995). Development and intercalibration of methods 

in Nordic freshwater fish monitoring. Water Air Soil Pollut. 85: 401-406. 

 

Bakker, E. S., Van Donk, E. & Immers, A. K. (2016). Lake restoration by in-lake 

iron addition: a synopsis of iron impact on aquatic organisms and shallow lake 

ecosystems. Aquat. Ecol. 50: 121-135. 

 

Bergman, E. (1988). Foraging abilities and niche breadths of two percids, Perca 

fluviatilis and Gymnocephalus cernua, under different environmental conditions. 

J. Anim. Ecol. 57: 443-453. 

 

Bohl, E. (1980). Diel pattern of pelagic distribution and feeding in planktivorous 

fish. Oecologia 44: 368-375. 

 

Borkent, A. (1981). The distribution and habitat preferences of the Chaoboridae 

(Culicomorpha: Diptera) of the holarctic region. Can. J. Zool. 59: 122-133. 

 

Borutsky, E. V. (1939). Dynamics of the total benthic biomass in the profundal of 

Lake Beloie. Trudy Limnologiceskoj Stancii V Kosine 22: 196-218. (In Russian, 

English summary). 

 

Carpenter, S. R., Kitchell, J. F. & Hodgson, J. R. (1985). Cascading trophic 

interactions and lake productivity. BioScience 35: 634-638. 

 

Cochran, W. G. (1977). Sampling techniques. 3. ed. New York: John Wiley and 

Sons. 428 pp. 

 

Dawidowicz, P., Pijanowska, J. & Ciechomski, K. (1990). Vertical migration of 

Chaoborus larvae is induced by the presence of fish. Limnol. Oceanogr. 35: 1631-

1637. 

 



 43 

Dembinski, W. (1971). Vertical distribution of vendace Coregonus albula L. and 

many other fish species in some Polish lakes. J. Fish Biol. 3: 341-357. 

 

Diehl, S. (1988). Foraging efficiency of three freshwater fishes: effects of 

structural complexity and light. Oikos 53: 207-214. 

 

Eckmann, R. (1998). Allocation of echo integrator output to small larval insect 

(Chaoborus sp.) and medium-sized (juvenile fish) targets. Fish. Res. 35: 107-113. 

 

Eiane, K., Aksnes, D. L. & Giske, J. (1997). The significance of optical properties 

in competition among visual and tactile planktivores: a theoretical study. Ecol. 

Modell. 98: 123-136. 

 

Estlander, S., Nurminen, L., Olin, M., Vinni, M. & Horppila, J. (2009). Seasonal 

fluctuations in macrophyte cover and water transparency of four brown-water 

lakes: implications for crustacean zooplankton in littoral and pelagic habitats. 

Hydrobiologia 620: 109-120. 

 

Estlander, S., Nurminen, L., Olin, M., Vinni, M., Immonen, S., … & Lehtonen, H. 

(2010). Diet shifts and food selection of perch Perca fluviatilis and roach Rutilus 

rutilus in humic lakes of varying water colour. J. Fish Biol. 77: 241-256. 

 

Hehmann, A., Krienitz, L. & Koschel, R. (2001). Long-term phytoplankton 

changes in an artificially divided, top-down manipulated humic lake. 

Hydrobiologia 448: 83-96. 

 

Helfman, G. S. (1979). Twilight activities of yellow perch Perca flavescens. J. 

Fish. Res. Bd. Can. 36: 173-179. 

 

Hemmings, C. C. (1966). Factors influencing the visibility of objects underwater. 

In. Light as an ecological factor (Eds. R. Bainbridge, G. C. Evans, O. Rackham). 

Oxford: Blackwell Scientific Publications. 359-374 pp. 

 

 



 44 

Hertta-database. Open access environmental data, available: 

https://www.syke.fi/fi-FI/Avoin_tieto/Ymparistotietojarjestelmat, visited on several 

occasions between June-December of 2021. 

 

Hinshaw, J. M. (1985). Effects of illumination and prey contrast on survival and 

growth of larval yellow perch Perca flavescens. Trans. Am. Fish. Soc. 114: 540-

545. 

 

Horppila, J., Eloranta, P., Liljendahl-Nurminen, A., Niemistö, J. & Pekcan-Hekim, 

Z. (2009). Refuge availability and sequence of predators determine the seasonal 

succession of crustacean zooplankton in a clay-turbid lake. Aquat. Ecol. 43: 91-

103. 

 

Horppila, J. & Liljendahl-Nurminen, A. (2005). Clay-turbid interactions may not 

cascade – A reminder for lake managers. Restor. Ecol. 13: 242-246. 

 

Horppila, J., Liljendahl-Nurminen, A. & Malinen, T. (2004). Effects of clay-turbidity 

and light on the predator-prey interaction between smelts and chaoborids. Can. 

J. Fish. Aquat. Sci. 61: 1862-1870. 

 

Horppila, J., Malinen, T., Nurminen, L., Tallberg, P. & Vinni, M. (2000). A 

metalimnetic oxygen minimum directly contributing to the low biomass of 

cladocerans in Lake Hiidenvesi – a diurnal study on the refuge effect. 

Hydrobiologia 436: 81-90. 

 

Horppila, J., Peltonen, H., Malinen, T., Luokkanen, E. & Kairesalo, T. (1998). Top-

down or bottom-up effects by fish: Issues of concern in biomanipulation of lakes. 

Restor. Ecol. 6: 20-28. 

 

Huser, B. J., Egemose, S., Harper, H., Hupfer, M., Jensen, H., … & Futter, M. 

(2016). Longevity and effectiveness of aluminum addition to reduce sediment 

phosphorus release and restore lake water quality. Water Res. 97: 122-132. 

 



 45 

Jansen, W. A. & Mackay, W. C. (1992). Foraging in yellow perch, Perca 

flavescens: biological and physical factors affecting periodicity in feeding, 

consumption, and movement. Environ. Biol. Fishes 34: 287-303. 

 

Järvi-meriwiki. Website, available: https://www.jarviwiki.fi/wiki/Etusivu,  

(in Finnish), visited on several occasions between June-September of 2021. 

 

Jolly, G. M. & Hampton, I. (1990). Some problems in the statistical design and 

analysis of acoustic surveys to assess fish biomass. Rapp. P.-v Réun. Cons. int. 

Explor. Mer. 189: 415-420. 

 

Kirk, J. T. O. (1994). Light and photosynthesis in aquatic ecosystems. Cambridge: 

Cambridge University Press. 509 pp. 

 

Knudsen, F. R., Larsson, P. & Jakobsen, P. J. (2006). Acoustic scattering from a 

larval insect (Chaoborus flavicans) at six echosounder frequencies: Implication 

for acoustic estimates of fish abundance. Fish. Res. 79: 84-89. 

 

Liljendahl-Nurminen, A., Horppila, J., Eloranta, P., Malinen, T. & Uusitalo, L. 

(2002). The seasonal dynamics and distribution of Chaoborus flavicans in 

adjacent lake basins of different morphometry and degree of eutrophication. 

Freshw. Biol. 47: 1283-1295. 

 

Liljendahl-Nurminen, A., Horppila, J., Eloranta, P., Valtonen, S. & Pekcan-Hekim, 

Z. (2005). Searching for the missing peak – an enclosure study on the seasonal 

succession of cladocerans in Lake Hiidenvesi. Arch. Hydrobiol. Spec. Issues 

Advanc. Limnol. 59: 85-103. 

 

Liljendahl-Nurminen, A., Horppila, J., Malinen, T., Eloranta, P., Vinni, M., … & 

Valtonen, S. (2003). The supremacy of invertebrate predators over fish – factors 

behind the unconventional seasonal dynamics of cladocerans in Lake Hiidenvesi. 

Arch. Hydrobiol. 158: 75-96. 

 



 46 

Liljendahl-Nurminen, A., Horppila, J. & Winfried, L. (2008). Physiological and 

visual refuges in a metalimnion: an experimental study of effects of clay turbidity 

and an oxygen minimum on fish predation. Freshw. Biol. 53: 945-951. 

 

Luecke, C. (1986). A change in the pattern of vertical migration of Chaoborus 

flavicans after the introduction of trout. J. of Plankton Res. 8: 649-657. 

 

Makkonen, K. (2013). Jouttenuksen järviketjun kunnostussuunnitelma. (In 

Finnish). Kokemäenjoen vesistön vesiensuojeluyhdistys ry. No. 830/13. 99 pp. 

 

Malinen, T., Antti-Poika, P. & Vinni, M. (2011a). Sulkasääsken runsaus 

Hyvinkään Piilolammissa. (In Finnish). University of Helsinki. A study report. 6 pp. 

Available: https://www.hyvinkaa.fi/globalassets/asuminen-ja-ymparisto/julkaisuja 

-ja-raportteja/liitteet/piilolammin-sulkasaaskitutkimus-2010.pdf 

 

Malinen, T., Tuomaala, A. & Peltonen, H. (2005a). Hydroacoustic fish stock 

assessment in the presence of dense aggregations of Chaoborus larvae. Can. J. 

Fish. Aquat. Sci. 62: 245-249. 

 

Malinen, T., Tuomaala, A. & Peltonen, H. (2005b). Vertical and horizontal 

distribution of smelt (Osmerus eperlanus) and implications of distribution patterns 

for stock assessment. Arch. Hydrobiol. Spec. Issues Advanc. Limnol. 59: 141-

159. 

 

Malinen, T., Vinni, M. & Antti-Poika, P. (2011b). Sulkasääsken runsaus 

Hyvinkään Kytäjärvessä. (In Finnish). University of Helsinki. A study report. 6 pp. 

Available: https://www.hyvinkaa.fi/globalassets/asuminen-ja-ymparisto/julkaisuja 

-ja-raportteja/liitteet/kytajarven-sulkasaaskitutkimus-2010.pdf 

 

Malinen, T., Vinni, M., Antti-Poika, P. & Tuomaala, A. (2008). Sulkasääsken 

toukkien ja pohjaeläinten runsaus Mäntsälän Huntti- ja Sahajärvessä. (In 

Finnish). University of Helsinki. A study report. 17 pp. Available: 

https://docplayer.fi/13086033-Sulkasaasken-toukkien-ja-pohjaelainten-runsaus-

mantsalan-huntti-ja-sahajarvessa.html 



 47 

Malinen, T. & Vinni, M. (2013a). Sulkasääsken runsaus ja merkitys 

Hämeenlinnan Tuuloksen Pyhä-, Suoli- ja Pannujärvessä. (In Finnish). 

Hämeenlinnan ympäristöjulkaisuja 23. 21 pp. 

 

Malinen, T. & Vinni, M. (2013b). Sulkasääsken toukkien runsaus Someron 

Kirkkojärvellä. (In Finnish). University of Helsinki. A study report. 7 pp. Available: 

https://www.paimionjoki.fi/sites/default/files/julkaisuja/kalajulkaisuja/sulkas%C3

%A4%C3%A4ski%20Kirkkoj%C3%A4rvell%C3%A4%202013.pdf 

 

Malinen, T. & Vinni, M. (2017). Sulkasääsken toukkien, jäännemassiaisen ja 

valkokatkan runsaus Hiidenvedellä vuosina 2016 ja 2017. (In Finnish). University 

of Helsinki. A study report. 19 pp. Not available online. 

 

Malinen, T. & Vinni, M. (2019). Hämeenlinnan Alajärven ravintoverkkoselvitys 

vuonna 2017. (In Finnish). University of Helsinki. A study report. 25 pp. Available: 

https://www.vanajavesi.fi/2018/wp-content/uploads/2019/03/Alajrap_lopullinen_ 

200219.pdf 

 

Malinen, T. & Vinni, M. (2020). Vähä-Tiilijärven särjen kasvu sekä särjen ja 

ahvenen ravinto kesällä 2020. (In Finnish). University of Helsinki. A study report. 

8 pp. Available: https://www.vesijarvi.fi/wp-content/uploads/Sarjen-

kasvututkimus-ravinnonkaytto-1.pdf 

 

Malueg, K. W. & Hasler, A. D. (1966). Echo sounder studies on diel vertical 

movements of Chaoborus larvae in Wisconsin (U.S.A.) lakes. Verh. Int. Ver. 

Limnol. 16: 1697-1708. 

 

Nellbring, S. (1989). The ecology of smelts (genus Osmerus): a literature review. 

Nordic J. Freshwat. Res. 65: 116-145. 

 

Nilssen, J. P. (1974). On the ecology and distribution of the Norwegian larvae of 

Chaoborus (Diptera, Chaoboridae). Nor. J. Entomol. 21: 37-44. 

 



 48 

Olin, M., Rask, M., Ruuhijärvi, J., Keskitalo, J., Horppila, J., … & Sammalkorpi, I. 

(2006). Effects of biomanipulation on fish and plankton communities in ten 

eutrophic lakes of southern Finland. Hydrobiologia 533: 67-88. 

 

Oravainen, R. (2005). Fosforin kemiallinen saostus. In. Järvien kunnostus (Eds. 

T. Ulvi, E. Lakso). Suomen ympäristökeskus. Ympäristöopas 114. (In Finnish). 

Helsinki: Edita Prima Oy. 191-202 pp. 

 

Pahkinen, E. & Lehtonen, R. (1989). Otanta-asetelmat ja tilastollinen analyysi. (In 

Finnish). Helsinki: Gaudeamus. 286 pp. 

 

Parma, S. (1971). Chaoborus flavicans (Meigen) (Diptera, Chaoboridae). An 

Autecological Study. University of Groningen. An academic dissertation. 

 

Pekcan-Hekim, Z., Liljendahl-Nurminen, A. & Horppila, J. (2006). Chaoborus 

flavicans in the food web – competitor or resource for fish? Pol. J. Ecol. 54: 701-

707. 

 

Rahel, F. J. & Nutzman, J. W. (1994). Foraging in a lethal environment: Fish 

predation in hypoxic waters of a stratified lake. Ecology 75: 1246-1253. 

 

Ramcharan, C. W., Yan, N. D., McQueen, D. J., Pérez-Fuentetaja, A., Demers, 

E. & Rusak, J. A. (2001). Complex responses of Chaoborus to changes in fish 

populations. Arch. Hydrobiol. Spec. Issues Advanc. Limnol. 56: 81-100. 

 

Rask, M., Holopainen, A. L., Karusalmi, A., Niinioja, R., Tammi, J., … & Sarvala, 

J. (1998). An introduction to the limnology of the Finnish Integrated Monitoring 

lakes. Boreal Env. Res. 3: 263-274. 

 

Rask, M. (1989). A note on the diet of roach Rutilus rutilus L. and other cyprinids 

at Tvärminne, northern Baltic Sea. Aqua Fenn. 19: 19-27. 

 

  



 49 

Salmela, J., Ahola, J., Härmä, O., Laine, E., Paasivirta, L. & Rinne, A. (2021). 

Revision of Finnish Chaoboridae (Diptera, Culicomorpha). Nor. J. Entomol. 68: 

67-127. 

 

Salonen, K. & Rosenberg, M. (2000). Advantages from diel vertical migration can 

explain the dominance of Gonyostomum semen in a small, steeply-stratified 

humic lake. J. of Plankton Res. 22: 1841-1853. 

 

Sardella, L. C. & Carter, J. C. H. (1983). Factors contributing to coexistence of 

Chaoborus flavicans and C. punctipennis in a small meromictic lake. 

Hydrobiologia 107: 155-164. 

 

Scheffer, M. (1998). Ecology of shallow lakes. London: Chapman & Hall. 357 pp. 

 

Shapiro, J., Lamarra, V. & Lynch, M. (1975). Biomanipulation: an ecological 

approach to lake restoration. In. Water Quality Management through Biological 

Control (Eds. P. L. Brezonik, J. L. Fox). Gainesville: University of Florida. 85-96 

pp. 

 

Sonderegger, D. L., Wang, H., Clements, W. H. & Noon, B. R. (2009). Using SiZer 

to detect thresholds in ecological data. Front. Ecol. Environ. 7: 190-195. 

 

Stenson, J. A. E. (1990). Creating conditions for changes in prey community 

structure by Chaoborus spp. in a lake in Sweden. Hydrobiologia 198: 205-214. 

 

Tjossem, S. F. (1990). Effects of fish chemical cues on vertical migration 

behaviour in Chaoborus. Limnol. Oceanogr. 35: 1456-1468. 

 

Toms, J. D. & Lesperance, M. L. (2003). Piecewise regression: A tool for 

identifying ecological thresholds. Ecology 84: 2034-2041. 

 

Trigal, C., Goedkoop, W. & Johnson, R. K. (2011). Changes in phytoplankton, 

benthic invertebrate and fish assemblages of boreal lakes following invasion by 

Gonyostomum semen. Freshw. Biol. 56: 1937-1948. 



 50 

Vinyard, G. L. & O’Brien, J. (1976). Effects of light and turbidity on the reactive 

distance of bluegill (Lepomis macrochirus). J. Fish. Res. Bd. Can. 33: 2845-2849. 

 

Vøllestad, L. A. (1985). Resource partitioning of roach Rutilus rutilus and bleak 

Alburnus alburnus in two eutrophic lakes in SE Norway. Hol. Ecol. 8: 88-92. 

 

Willén, E. (2003). Dominance patterns of planktonic algae in Swedish forest 

lakes. Hydrobiologia 502: 315-324. 

 

Windell, J. T. (1971). Food analysis and rate of digestion. In. Methods for 

Assessment of Fish Production in Fresh Waters (Ed. W. E. Ricker). Oxford: 

Blackwell. 197-203 pp. 

 

Wood, K. (1956). Ecology of Chaoborus (Diptera: Culicidae) in an Ontario lake. 

Ecology 37: 639-643. 


