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Introduction
The total area o f  wetlands in Sweden has 
been considerably reduced m ainly as a result 
o f  silviculture and agriculture. In northern 
Sweden man earlier used alm ost all available 
areas, e.g. mires and shores o f  lakes and 
rivers, for haym aking. He also drained 
shallow  lakes and thereby exposed the bot
tom s for colonization o f  sedges ( C arex  spp.) 
and water horsetail E quisetum  fluvia tile . A  
dam w as often built at the outlet and the 
former lake w as flooded during spring and 
early sum m er in order to fertilize  and  
stimulate growth o f  emergent plants. Later 
the water level w as lowered to  facilitate 
haym aking. These regulated and productive 
shallow  lakes were a suitable habitat for 
waterfowl.

This com m on practice w as totally aban
doned during the 1950s. The dam s fell into 
decay and subsequent drying up resulted in 
an invasion o f  shrubs (S a lix  spp.). A s a con
sequence large areas o f  wetlands were lost. 
Today, with an increasing interest for hun
ting and other ou td oor  a c tiv ities, the  
decreasing populations o f  waterfowl, e.g. 
Mallard A nas p la tyrhynchos, have aroused a 
demand for wetland m anagem ent.

In northern Sweden one possible w ay to 
increase the populations o f  waterfowl is to 
flood those abandoned lake bottom s, which  
today in m ost cases are regarded as im 
pediments to silviculture and agriculture. 
Such experiments started in the early 1970s, 
and one o f  these restored lakes, Lake Veit
tijärvi, showed a high utilization by swim 
ming ducks, m ainly Teal A . crecca, Pintail 
A . acuta  and Mallard. It further showed a 
high production o f  chironom ids, which were 
a highly preferred duck food (Danell & 
Sjöberg, unpublished).

The aim s o f  this investigation were to 
quantify the em ergence o f  chironom ids and 
to establish the time o f  em ergence in relation 
to egglaying and hatching o f  ducklings.

Study area
The Lake Veittijärvi (6 6°3 'N , 23°46'E ) 
(Figure 1) is situated in the north-eastern 
corner o f  Sweden (province o f  Norrbotten) 
close to the Finnish border. The area belongs
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to the main boreal (central taiga) biotic zone 
(S jörs 1963) w ith co n ifero u s forests o f  
N orw ay spruce P icea  abies  and Scots pine 
Pinus silvestris. The lake lies in a flat country 
where large expanses o f  mires are interrupted 
by thin coniferous forests.

On a mean annual basis, the temperature 
is 0 —1°C (A n g str o m  1 9 5 3 b ) and the  
precipitation is 5 0 0 -5 5 0  mm (W allén 1953). 
The temperature for the warm est month 
(July) is 1 5 -16°C  (A ngstrom  1953a). In 
general, ice covers lakes in this part o f  
Sweden from about the 10th October to 
about the 20th M ay, or 2 0 0 -2 2 0  days 
(Angstrom  1958).

The lake (35 metres above sea level) has 
an area o f  about 45 hectares and is sur
rounded by an outer belt o f  birch B etu la  
pubescens and an inner belt o f  willows S a lix  
lapponum  and S . phylicifo lia . The lake was 
drained about 1930 and then used for hay 
production (C arex  spp.) to the beginning o f  
the 1950s. It w as restored in 1971 (Figure 1) 
and the permanent flooding resulted in the 
sedges dying off, which during our studies in 
1975 and 1976 were lying more or less 
decom posed on the bottom .

Figure 1. Lake Veittijärvi in northern Sweden.
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During late spring and early sum m er m ost 
parts o f  the lake have a water depth o f  
0 -3 -0 -5  m. The water has a brown colour, a 
pH range o f  5 -5 -6  -9 and a specific conduc
tivity («S /cm , 20°C ) range o f  2 0 -1 1 0 . The 
water temperature during 1975 and 1976 
and the ice cover are shown in Figure 2.

The em ergent vegetation is, at the present 
succession stage, very scanty, and consists 
o f  som e stands o f  water horsetail and som e 
scattered clones o f  sedge C arex  aquatilis. 
Floating plants were absent. Submerged 
plants such as pondweeds Potam ogeton  
pusillu s  and P. obtusifolius have colonized  
the lake during the last years.

The m ost abundant breeding dabbling 
ducks are Teal, Pintail and Mallard. Further 
there are a few  pairs o f  W igeon A nas  
p e n e lo p e , S h o v e le r  A . c ly p e a t a  and  
Garganey A . querquedula. O f the diving 
ducks, Tufted D u ck  A yth ya  fu lig u la  is the 
m ost com m on.

Methods
Different types o f  em ergence traps and their 
pros and c o n s  have been rev iew ed by 
M organ (1971) and M undie (1971). A s a 
large number o f  traps, able to operate in a 
water depth o f  0 -2 5  m as a minimum, were

desirable, a cheap and easily manufactured  
m odel (Figure 3) was designed for this study.

The main parts o f  the trap, a bucket and a 
funnel, were m ade o f  polyethylene. Two 
holes were cut into the bucket, which had a 
volum e o f  about 5 litres, and were covered  
by a nylon gauze o f  280 p m  mesh. The con
tainer w as closed by pressing the funnel into 
the bucket. The funnel covers an area o f  
0-0 3 6  m 2.

T w o pieces o f  stainless steel were attached  
to the trap as holders. For holding the trap in 
the sam e position over the bottom , two metal 
rods were driven into the sediment. Two  
floats were attached so that they alw ays kept 
0 -0 4  m o f  the trap above the water surface, 
even during periods o f  fluctuating water 
levels (Figure 3b). The material cost for one  
trap was approxim ately £4 .0 0 , and about 
one hour was needed to m ake one trap.

The em ergence traps were placed in open 
water at ten positions chosen at random. The 
positions o f  the traps were the sam e in 1975 
and 1976. T w o sets o f  traps were used and 
were usu a lly  ch an ged  every 5—7 days; 
however, m ore often at em ergence peaks and 
with longer intervals during the low s. When 
taking the trap out o f  water, it w as first 
slightly  pressed  dow n to push anim als  
floating at the apex o f  the funnel into the

Figure 2. Water temperature and ice cover in Lake Veittijärvi, northern Sweden. The temperatures 
were taken at a fixed time of the day (0-1 m below the water surface at a fixed point).
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Figure 3. Emergence trap for chironomids. Bucket (A) and funnel (B) made of polyethylene. Holes were 
covered by a nylon gauze (C). For holding the trap in the same position over the bottom, metal rods 
(D and E) and floats (F) were used (for details, see text).

con ta iner. D uring  the tran sp o rt the  trap s  
were c losed by inserting  a  lid in to  the hole at 
the  apex o f  the  funnel, and  this allow ed us to  
em pty  and  c lean  the  trap s  indoors. T he 
ch ironom ids were im m obilized by spray ing  
e thanol th ro u g h  the net o r  by shak ing  the 
trap  con ta in ing  som e w ater.

T he calcu lation  o f  the  confidence limit 
(95% ) o f  the  m ean value is acco rd in g  to 
E llio tt (1 9 7 1 , p. 8 1 —93), w h ich  m ea n s  
logarithm ic tran sfo rm a tio n  (log x) fo r small 
sam ples (n <  30) from  a con tiguous 
d istribution .

Results

T he em ergence o f  ch ironom ids s ta rted  ab o u t 
ten days a fte r the  ice thaw ed (F ig u re  4). A t 
th a t tim e the w ater tem p era tu re  had reached  
15 -20°C  (F igure  2). A b o u t 50%  o f  the 
ch ironom id  popu lation  had  em erged 1st June  
1975 and  9th Ju n e  1976 (F igu re  5).

T he am o u n t o f  em erging ch ironom ids per 
m 2 w as estim ated  to  840 ±  157 (x ±  S.E .;

n =  10) for 1975 and 3,121 ±  568 for 1976. 
T he 95%  confidence lim its w ere 496—1,083 
and 1,953—3,941 , respectively.

T he ch ironom id  species w ere A n a to p yn ia  
p lum ipes, P rocladius  sp ., P sectro tanypus  
rarius, C ricotopus sylvestris, P sectrocladius  
edw ardsi, C hironom us ten tans, C. po laris, 
C hironom us  sp. I and II, E in fe ld ia  dissidens, 
E . p a g a n a  a n d  G ly p to te n d ip e s  p a r ip é s .  
C hironom us p o laris  w as th e  m ost ab u n d an t 
during 1975 and  E . d issidens  during 1976. 
Beside ch ironom ids single specim ens o f 
w ater beetles and som e w ater bugs were 
trapped .

Egg-laying o f  M allard , P intail and Teal 
sta rted  in early  M ay and hatch ing  occurred  
in m iddle and late  Ju n e  (F igu re  4).

Discussion

T h e  c h iro n o m id  fa u n a  in the  lak e , as 
reflected by catch es in the  em ergence trap s , 
consists o f  relatively few species. T he h ab ita t 
is ra th e r extrem e because th e  shallow  lake
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Figure 4. Numbers of emerging chironomids per day and times of egg-laying and hatching of ducks 
(Mallard, Pintail and Teal) at Lake Veittijärvi, northern Sweden. Ten funnel traps were used during 
periods indicated by horizontal bars with times of collection marked. The periods of hatching of 
ducklings, based on surveys in the lake, are approximate. The periods of egg-laying of ducks are based 
on back-calculations from hatching data.

Figure 5. Cumulative percent o f  emerging chironomids at Lake Veittijärvi, northern Sweden.



freezes to the bottom  during winter. In addi
tion, large quantities o f  decom posing organic 
matter (C arex  spp.) and a small water flow  
through the lake, ought to result in very poor 
oxygen conditions. M any o f  the chironom id  
species found have larvae with hem oglobin  
in their body fluids to stand low  oxygen  
pressures.

The em ergence was concentrated to a 
short period rather close to the thawing o f  
the ice. The water warmed up very rapidly 
due to the small water depth and dark- 
coloured bottom  and water. D anks & Oliver 
( 1 9 7 2 )  f o u n d  in  s t u d i e s  o f  a r c t i c  
chironom ids, em ergence early in the season. 
T hey found that all sp ec ies  w ere sy n 
chronized and the water temperature was the 
proxim ate factor  contro lling  em ergence  
rather than photo-period. Narrow  time limits 
for em ergence are not confined only to arctic 
p op ulations. C h ironom id  sp ec ies  in the 
temperate zone, which overwinter in later in
stars and emerge early in the spring, usually 
have a narrow em ergence period (review by 
W elch 1973).

To check the efficiency o f  the traps to 
catch emerging chironom ids, the larvae pop
ulation w as sam pled with a R zosk a  core 
sampler just before the start o f  em ergence 
( 1 8 t h  M a y  1 9 7 6 ) .  T h e  d e n s i t y  o f  
chironom ids per m 2 in the open water was 
estim ated as 2 ,088 ±  655 (x +  S .E.; n =  7). 
T h e  e s t im a te d  n u m b e r  o f  e m e r g in g  
chironomids based on the em ergence traps, 
was 3,121 ±  568 (x +  S .E.; n =  10). There is 
no significant difference (M ann-W hitney U- 
test, P >  0 -0 5 , U =  17) between the two  
estim ates.

A ll e m er g en ce  tra p s in v o lv e  so m e  
sampling errors (for review see M organ
(1971) and Mundie (1971)). The traps offers 
a relatively sheltered site and m ay therefore 
be expected to attract emerging chironom ids 
from areas outside the trapping area and 
thus result in an overestim ate. On the other 
hand, the shading effect o f  the traps can 
cause nym phs and pupae to take avoiding 
reaction s resulting in reduced ca tch es. 
M cCauley (1976) has shown that significant 
losses from traps occur even under constant 
and probably favourable conditions. Under 
field co n d itio n s , the actual num ber o f  
specim ens found in the trap could be sub
stantially less, this being dependent on fac
tors such as wind and wave action, preda
tion, decom position, etc.

The density o f  chironom ids found in Lake 
Veittijärvi is high even when com pared with 
som e more southern lakes, e.g. Lake Erken 
in the middle o f  Sweden (Sandberg 1969).

. » - * *

Figure 6. Chironomids on the water surface at a 
peak of emergence (30th May 1976, Lake Veittijär
vi, northern Sweden).

The bulk o f  the diet o f  breeding dabbling 
duck females is com posed o f  aquatic in
vertebrates (Perret 1962; Dirschl 1969; 
Swanson & Nelson 1970; Swanson et al. 
1974; Krapu 1974; Serie & Sw anson 1976) 
and the highest invertebrate consum ption is 
reported to o ccu r  during the egg lay ing  
period in Pintail (Krapu 1974) and G adwall 
A nas streperà  (Serie & Sw anson 1976). In 
northern Sweden the ducks arrive at the time 
the ice breaks up and egglaying starts alm ost

Figure 7. Chironomids accumulated at the 
shoreline after a period of windy weather (30th May 
1976. Lake Veittijärvi, northern Sweden).
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immediately. It therefore takes place before 
the chironom id em ergence. The egg-laying 
hens, with a dem and for a readily accessible, 
high quality food, can utilize the chironomids 
in their last larval stage.

The diet o f  ducklings o f  dabbling ducks 
during the first time after hatching has a high 
proportion o f  invertebrates (Chura 1961; 
Perret 1962; Bartonek 1972; Sugden 1973; 
L ees & Street 1974; B engtson  1975). 
Chironom ids seem  universally important in 
the early diet o f  young flightless dabbling 
ducks. In Lake Veittijärvi the hatching o f  
ducklings takes place just after the peak 
emergence o f  chironom ids (Figure 4) and 
therefore the ducklings can utilize this abun
dant food  (F igu re 6). D ead  or dying  
chironom ids are often, especially after windy 
days, found accum ulated in belts at the 
shoreline (Figure 7), which further increases 
availability.
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Summary

The emergence of chironomids was studied using 
ten emergence traps in Lake Veittijärvi, northern 
Sweden. The lake (45 hectares) was drained about 
1930 and the exposed dry bottom soon became 
covered by sedges, but they were killed after 
flooding in 1971.

At least 12 chironomid species have colonized 
the lake and are abundant (about 2,000 larvae per 
m2) at the present stage. Their emergence started 
about ten days after thawing and was concen
trated to a relatively short period in late May and 
early June. Most of the breeding dabbling duck 
females had completed egg-laying (a period 
during which they usually consume large quantities 
of invertebrates) before the time when adult 
chironomids became abundant. The hatching of 
ducklings (Teal Anas crecca, Pintail A. acula and 
M alla rd  A . p la ty rh y n ch o s ) w as, how ever, 
p re c e d e d  by th e  p e a k  o f  e m e rg e n c e  o f  
chironomids, so that the ducklings at Lake 
Veittijärvi were favoured by the presence of an 
abundant and accessible high quality food.
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