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ABSTRACT: In lakes, chaoborids can be 

a food resource and also act as competitors for 
planktivorous fish. Usually their density varies re-
ciprocally with the density of planktivorous fish, 
which forage on chaoborids. Results from Lake 
Hiidenvesi show, however, that in deep clay-tur-
bid lakes chaoborids may be the main regulators 
of herbivorous zooplankton although the density 
of planktivorous fish is high. This is because tur-
bidity reduces the feeding efficiency of fish while 
the feeding of chaoborids is not affected by the 
high turbidity levels. 
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1. INTRODUCTION

The significant role of invertebrate pred-
ators in lake food webs, and their ability to 
regulate the species composition and size 
structure of plankton communities, has been 
emphasized during recent decades (Gl i-
wicz  et al. 1978, L ane 1978, L air  1990). 
Phantom midges (Diptera, Chaoboridae) are 
invertebrate predators that have aquatic lar-
vae which form dense populations in many 
water bodies. They have been a target of in-
tensive research because they are very effec-
tive predators on zooplankton and can regu-

late zooplankton communities (Black and 
Hairston 1988, L air  1990, Wissel  and 
B enndorf  1998, L i l jendahl-Nurminen 
et al. 2003). In food web manage ment, the 
aim is to improve water quality by enhanc-
ing the grazing pressure on phyto plankton 
through fish stock manipulations (Shapiro 
et al. 1975). It may happen, however, that 
invertebrate predators, such as chaoborids, 
increase in abundance after the reduction 
of planktivorous fish and contribute to the 
failure of lake resto ra tion (B enndorf  1995, 
Wissel  and B enndorf  1998). 

Invertebrate predators are difficult to fit 
into the food chain theory behind food web 
management, since they can be a food re-
source and also act as competitors for plank-
tivorous fish (Persson et al. 1992). Addi-
tionally, water quality should be taken into 
consideration because the interactions in 
the food web will differ in turbid lakes com-
pared with clear lakes (Cuker  1993, Horp-
pi la  and Li l jendahl-Nurminen 2005). 
Hence, clarification of the role of chaoborids 
in the food web of lakes with differing water 
quality and morphometry is crucial for the 
prediction of their effects on food web ma-
nipulations. In this article, we discuss the 
role of chaoborids as prey and as predator, 
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especially concentrating on results derived 
from a clay-turbid Lake Hiidenvesi (south-
ern Finland). 

2. LAKE HIIDENVESI

Lake Hiidenvesi (area 30.3 km2) in 
southwestern Finland (60°24′N, 24°18′E), 
has several separate basins differing in mor-
phometry and water quality. The shallow, 
non-stratifying basins (maximum depth <5 
m) are the most eutrophic, the total average 
phosphorus concentration exceeding 80 μg 
L-1. In the stratifying parts of the lake (c. 10 
km2), total phosphorus concentration is on 
average 40 μg L-1. The lake is also clay-turbid 
due to resuspended sediments and external 
loading of inorganic suspended solids from 
agricultural areas. In the shallow basins, 
water turbidity frequently exceeds 50 NTU 
(Nephelometric Turbidity Units), while in 
the epilimnion of the stratifying areas it 
usually remains around 10 NTU. Food web 
management through removal of planktivo-
rous and benthivorous fish has been applied, 
but no considerable effects on water quality 
have been detected (Olin et al. 2006). More 
detailed description of the lake, its plankton, 
fish and macrophyte communities can be 
found in Tal lberg  et al. (1999), Nurminen 
(2003), Horppi la  (2005a), and Olin and 
Ruuhijär vi  (2005). 

3. CHAOBORUS AS PREY

Chaoborids are popular food items for 
fish and therefore high chaoborid densi-
ties are often related to the absence or low 
density of fish (Pope et al. 1973). The co-
existence of chaoborids with fish is usually 
limited to species that are able to conduct 
vertical migrations (Von Ende 1978, Mc-
Queen et al. 1999). Chaoborids are very 
tolerant of low concentrations of dissolved 
oxygen, and they can inhabit the hypolim-
nion of stratified lakes during daytime and 
migrate at night into the epilimnion to for-
age on zooplankton (e.g. Luecke 1986). Al-
ternatively, chaoborids can burrow into the 
sediment during daytime (Sæther  1997). 
One of the chaoborid species using the ver-
tical migration strategy and coexisting with 
fish is Chaoborus flavicans (Meigen), which 

is common widely in the holarctic region 
(Ni lssen 1974, B orkent  1981). C. flavi-
cans has a high biomass in Lake Hiidenvesi, 
its density frequently exceeding 5000 ind. m-2 
(L i l jendahl-Nurminen et al. 2002). 

What is unusual in Lake Hiidenvesi is 
that C. flavicans occupy relatively well oxy-
genated water layers throughout the day, 
their distance from dense swarms of plank-
tivorous fish (Osmerus eperlanus (L.) smelt) 
being only few metres (Fig. 1). Thus it can be 
concluded that the close coexistence of chao-
borids and smelts is facilitated by a metalim-
netic turbidity maximum that chaoborids use 
as a refuge against fish predation (Li l jen-
dahl-Nurminen et al. 2003, Horppi la 
2005b) (Fig. 1). The day time separation of 
C. flavicans and dense swarms of smelt could 
also be explained by vertical temperature 
and oxygen gradients. However, since adult 
smelts have an upper temperature limit of 
16–18 °C (Appenzel ler  and Leggett 
1995) and the water temperature during the 
summer in the epilimnion is >18 °C (Fig. 1), 
they should prefer the cooler deeper layers. 
Also the concentration of dissolved oxygen 
in the metalimnion is not low enough to 
form a strict boundary for fish. 

Inorganic turbidity combined with re-
duced light lowers the feeding efficiency of 
planktivorous and piscivorous fish (Vinyard 
and O’Br ien 1976, Utne-Palm 1999, De 
Rober t is  et al. 2003). Experimental stud-
ies on the predator-prey interaction between 
smelts and C. flavicans have shown that dark-
ness alone does not protect chaoborids very 
effectively against predation by smelts, but 
that inorganic turbidity exceeding 30 NTU 
together with light intensity below 0.1 μE m-2 
s-1 provides an efficient refuge (Horppi la  et 
al. 2004). The same phenomenon can be seen 
also from field data on the diurnal variation 
in the diet composition of smelts. The diets 
of smelts captured from the epilimnion dur-
ing the day do not include C. flavicans which 
hide in the turbid water layers. At night in 
the dark, when the swarms of C. flavicans 
migrate into the epilimnion to feed on zoo-
plankton, they form a considerable percent-
age (50%) of smelt diets (M. Vinni – unpub-
lished). 

In eutrophic lakes, the intensive preda-
tion by planktivorous fish depresses large-

journal 8.indb   702journal 8.indb   702 2006-12-27   20:41:412006-12-27   20:41:41



703Chaoborus – competitor or resource?

sized herbivorous zooplankton and there-
fore predatory macroinvertebrates may form 
an important food resource for fish (Van 
Densen et al. 1996). The behaviour of 
chaoborids may thus affect the competitive 
interactions between different fish species 
that have variable abilities to forage in turbid 
environments (e.g. L ammens et  a l .  1987). 
The dominance of cyprinids in eutrophic 
lakes is a common phenomenon (Persson 
et al. 1991, Jeppesen et al. 2000). It has been 
suggested that cyprinids forage efficiently at 
low light intensities (Townsend and Rise-
brow 1982, Diehl  1988). Recent laboratory 
experiments (Pekcan-Hekim and Horp-
pi la  in press) have suggested that compared 
with smelt, the cyprinid white bream (Abra-
mis björkna (L.)) is a more efficient forager 
on chaoborids at inorganic turbidity levels 
exceeding 30 NTU (Fig. 2). White bream is a 
common cyprinid species abundant in turbid 
and eutrophic north temperate lakes (Ol in 
et al. 2002, Horppi la  2005b). The success 
of cyprinids can be related to their ability to 
feed effectively in turbid waters (L ammens 
et al. 1987, Persson 1987).

Chaoborids inhabit only the stratify-
ing areas of Lake Hiidenvesi (water depth 
>10 m). In the shallow basins, C. flavicans 
are absent although water turbidity is even 
higher than in the stratifying areas (L i l jen-
dahl-Nurminen et al. 2002). It seems that 

the close co-existence of chaoborids and fish 
in the water column is only possible when a 
thermocline exists and facilitates the develop-
ment of a metalimnetic turbidity maximum, 
which separates the schools of fish from cha-
oborids. Shallow eutrophic lake basins often 
show high densities of benthivorous fish and 
even burrowing into the sediment may not 
protect chaoborids from fish predation. 

Fig. 1. Top axis (bars): the vertical daytime distribution of echo integrals in Lake Hiidenvesi on 26 
August 2001. The blind zone of the echosounder at the water surface is indicated by a shadowed layer. 
Bottom axis: profiles of water turbidity, dissolved oxygen (DO), and temperature in the deep basin of 
Lake Hiidenvesi on 26 August 2001. Modified from Horppi la  (2005b).

Fig. 2. Average number of Chaoborus eaten by 
white bream and smelt at clay-turbidities of 10 
and 50 Nephelometric Turbidity Units (NTU) in 
two-hour experiments, conducted in 45-litre bags 
at light intensities of 0–1.5 μE m-2 s-1. Vertical bars 
show the standard deviation. More detailed de-
scription of the experimental design can be found 
in Horppi la  et al. 2004. 
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4. CHAOBORUS AS PREDATOR

Usually, the seasonal succession of zoo-
plankton in stratifying eutrophic lakes in-
cludes a spring biomass peak followed by 
a summer decline and often also a moder-
ate autumn biomass peak (S ommer et al. 
1986). In the stratifying area of Lake Hiiden-
vesi, the spring peak is missing and the high-
est biomass of cladocerans takes place in mid 
summer, simultaneously with the emergence 
of chaoborids. Studies on food consumption 
of Chaoborus and smelts have confirmed 
that chaoborids are the main predators on 
cladocerans in the stratifying area of Lake 
Hiidenvesi and in early summer their con-
sumption clearly exceeds the production of 
cladocerans (L i l jendahl-Nurminen et 
al. 2003, 2005). Such effective predation by 
chaoborids is not a unique phenomenon, but 
has been reported earlier from other lakes 
(Kajak and Rybak 1979, E lser  et al. 1987, 
R amcharan et al. 2001). 

A more unconventional observation was 
that in Lake Hiidenvesi the mean size of cla-
docerans increased when predation pressure 
by chaoborids was reduced during the emer-
gence period (Li l jendahl-Nurminen et 
al. 2003). Usually it has been assumed that 
predation by invertebrate predators causes 
the size spectrum of prey to shift to large 
plankton (L ampert  and S ommer 1997). It 
seems that in Lake Hiidenvesi, the combined 
predation pressure from fish and chaborids 
prevents cladocerans from reaching a body 
length large enough to escape from chaobo-
rid predation (Li l jendahl-Nurminen et 
al. 2003). Similar to other lakes (E lser  et al. 
1987, Lüning-Krizan 1997), the main prey 
of fourth instar Chaoborus larvae in Lake Hi-
idenvesi are cladocerans (Bosmina, Daphnia 
and Chydorus) (Fig. 3). In June and August, 
however, their diet is complemented with 
adult copepods and rotifers. Younger instars 
prey first mainly on rotifers and protozoans, 
and later (third instar) also on copepodits 
and small cladocerans. Chaoborids can be 
regarded as flexible predators and the spatial 
and temporal variation in their diets may be 
the result of behavioral plasticity, differences 
in the availability of prey or a combination 
of both factors (Pastorok 1981). The on-
togenetic diet shifts probably reduce food 

Fig. 3. Diet (frequency of occurrence) of instars 
II-IV of Chaoborus flavicans in Lake Hiiden-
vesi in year 2000. For materials and methods see 
L i l jendahl-Nurminen et al. 2003.
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competition between different chaoborid in-
stars. It seems that the community structure 
of zooplankton in Lake Hiidenvesi is suitable 
for each instar of Chaoborus. 

5. CONCLUDING REMARKS

In many lakes, chaoborids cannot com-
pete with abundant planktivorous fish, but 
are themselves regulated by fish predation. 
As suggested by Cuker  (1993) and Horp-
pi la  and Li l jendahl-Nurminen (2005), 
it seems though that elevated inorganic tur-
bidity levels tend to shift the dominance 
from fish to chaoborids. Chaoborids are par-
ticularly successful in deep, clay turbid lakes 
where they can stay high in the water column 
close to their epilimentic prey without having 
to diurnally migrate long distances (L i l jen-
dahl-Nurminen et al. 2002). It is also ob-
served that when chaoborids are able to co-
exist with fish in the water column, the size 
structure of zooplankton is suitable for them. 
This is due to selective predation by fish 
shifting the zooplankton size structure to-
wards small size-classes that are suitable food 
for chaoborids. It must also be remembered 
that inorganic suspendoids are not the only 
cause of water turbidity. In eutrophic lakes, 
high turbidity values can result from dense 
phytoplankton populations as well. There 
are, however, reasons to believe that inorgan-
ic turbidity is more favorable for chaoborids 
than phytoplankton-originated turbidity. 
Firstly, their effect on the light environment 
is different. Suspended inorganic particles 
predominantly cause light scattering, while 
phyto plankton has more effect on absorption 
(Kirk  1994). This is important, since the 
contrast between the prey and its background 
is more important for vision-oriented fish to 
detect their prey, than the absolute light level 
(Hemmings  1966, Hinshaw 1985). Clay 
turbidity is especially harmful for feeding of 
planktivorous fish, since light scattering in-
terferes with the back ground light level and 
reduces contrast (Hinshaw 1985, Giske  et 
al. 1994). Secondly, high phytoplankton bio-
masses are also mostly restricted to the eu-
photic zone, which reduces their usefulness 
as refuges. 

Chaoborids play an important role in the 
food web and can act both as a resource and 

as a competitor for planktivorous fish. Water 
quality can be a significant factor that deter-
mines their role as prey or as a predator. It 
seems that increasing clay-turbidity tends 
to shift their role from being a resource to 
a competitor for planktivorous fish. Water 
depth is an important factor determining the 
possibility of vertical migration of chaobo-
rids to avoid planktivourous fish, thus ampli-
fying their role as prey to a predator. 
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