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A b s t r a c t . A predator removal study was done in Finland to reveal the possible effects
of mammalian predators on the breeding success of ducks. Predator removal/protection from
hunting was most effective in northern Finland. Also in eastern Finland predator removal had
some influence on predator numbers, whereas its impact on predator numbers was not so evident
in southern Finland. In southern Finland, no increase in the breeding success of ducks was
observed in the predator removal area, whereas in northern Finland the relative reproduction
rate of diving ducks increased in the removal area and that of dabbling ducks declined in the
control area. In eastern Finland, the breeding success of ducks declined in both areas. There
was a positive relationship between the raccoon dog index and the relative reproduction rate of
dabbling ducks in southern Finland, indicating that raccoon dog numbers probably are of minor
importance for the breeding success of ducks. On the contrary, there was a negative relationship
between the fox and marten indices and the breeding success of ducks in some areas. Marten and
fox removal may thus have a positive effect on the breeding success of ducks in Finland. The
effect of the American mink could not be verified in this study.
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Introduction
Predation is often considered a major factor affecting the breeding success of water birds
(C o w a r d i n et al. 1985, K l e t t et al. 1988, B a l l et al. 1995, G r e e n w o o d et al.
1995, M a x s o n & R i g g s 1996, F e r r e r a s & M a c d o n a l d 1999, O p e r m a n i s
et al. 2001, N o r d s t r ö m et al. 2002, 2003). Both mammalian and avian predators may be
involved (J o h n s o n et al. 1989, P a i n e et al. 1990, O p e r m a n i s et al. 2001), although
mammals are often considered to be more important (reviewed in B e l l e b a u m 2002). To
test the effect of predators on duck productivity, several predator removal experiments have
been done with variable success (e.g. L o k e m o e n & W o o d w a r d 1993, C l a r k et al.
1995, S a r g e a n t et al. 1995, G a r r e t t s o n et al. 1996, G a r r e t t s o n & R o h w e r
2001). Most of these studies have been conducted in the Prairie Pothole Region of North
America. C ô t é & S u t h e r l a n d (1997) analysed the results of 20 predator removal
studies and found that predator removal increased the autumn densities of bird species,
i.e. affected the breeding success of birds, but the effect of predator removal on breeding
population sizes was not significant. Also B a r t o s z e w i c z & Z a l e w s k i (2003)
found that although American minks Mustela vison destroyed many waterfowl nests, the
arrival of mink has not resulted in a decrease in waterfowl populations.
These kinds of studies are almost absent from Europe. In spite of a lack of knowledge,
hunting of small and medium-sized carnivores is considered good game management and is
widely recommended by hunting organisations in Finland and other countries. Knowledge
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of the true impact of predators on native fauna, like waterfowl, is thus needed. The roles of
the raccoon dog Nyctereutes procyonoides and the American mink – introduced carnivores in
Europe – are especially interesting, because alien predators are known to have caused much
damage on native fauna (e.g. E b e n h a r d 1988). The raccoon dog is among the most
common carnivores in southern Finland, and the mink is common all over the country.
The aim of the present experimental study was to examine the impact of predator removal
on the breeding success of ducks in the inland waters of southern, eastern and northern
Finland. We removed/protected from hunting medium-sized mammalian predators in three
areas with partly different carnivore communities and monitored the breeding success of
ducks for 4–5 years after the initiation of the experiment. The predictions, mainly based on
the above mentioned studies, were: 1) the breeding success of ducks will increase in removal
areas and decrease in control areas, 2) the effect of predator removal on duck breeding
success will be greatest in southern Finland where both introduced predators (raccoon dogs
and minks) are common and 3) the impact of raccoon dog removal will be seen especially in
the breeding success of ground-nesting dabbling ducks.
This study is a part of a larger experimental work designed to evaluate the impact of
predator removal on game animals. The results of the effect of predator removal on hares
and grouse have been published earlier (K a u h a l a et al. 1999, 2000).

Methods
Study areas and experimental design
The study was performed between 1993 and 1998 in southern Finland and between 1993 and
1997 in eastern and northern Finland (K a u h a l a et al. 1999: Fig. 1). In each region there
was a predator removal area where predator hunting was intensive, and a control area where
medium-sized carnivores were not hunted. The sizes of predator removal and control areas
were 55 km2 and 48 km2, 72 km2 and 106 km2 and 100 km2 and 116 km2 in southern, eastern
and northern Finland, respectively. The distance between the removal and control areas was
at least 5 km. All areas were within the boreal forest zone and included many lakes, ponds
and some small rivers. In northern Finland most lakes were shallow and eutrophic, while in
the other areas most lakes were oligotrophic.
The predators included in the experiment were the raccoon dog Nyctereutes procyonoides,
red fox Vulpes vulpes, pine marten Martes martes and the American mink Mustela vison.
Raccoon dogs were rare in eastern Finland and absent in northern Finland. Other predators
occurred in all areas. Voluntary hunters were responsible for predator removal. Common
methods (traps, foot snares, shooting from a bait) were used during the normal hunting
season (for raccoon dogs, red foxes and minks from 1 August to 30 April, for pine martens
from 1 November to 31 March). Predator removal was initiated in the autumn of 1993.
Monitoring populations
Fox and marten populations were monitored each winter by using snow track counts.
Experienced field assistants together with the local hunters counted the snow tracks once
each winter (between 15 January and 15 March) from transect lines, oriented from south to
north, using the wildlife triangle method (L i n d é n et al. 1996). The transect lines covered
the whole study areas, the distance between them being 500 m in southern Finland and
1 km in the other areas. The tracks crossing the lines were counted 1–5 days after a snowfall.
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The track index gives the number of crossings per 10 km and 24 h. We assumed a linear
relationship between track indices and population densities (see also H ö g m a n d e r &
P e n t t i n e n 1996).
Raccoon dog populations were monitored by our field assistants in southern Finland
only, by using ‘the scent station method’ (L i n h a r t & K n o w l t o n 1975, K a u h a l a
et al. 1999), because raccoon dogs hibernate and leave snow tracks only occasionally. Scent
stations (50 per area) are patches of sand (radius about 1 m) with a stick in the middle that
is dipped in gray fox Urocyon cinereoargenteus gland lure. When animals come and sniff
the stick at night, they leave their foot prints in the sand. The stations were checked each
morning during a 5-day period in early summer (late May-early June) in 1994–1998. The
raccoon dog index gives the percentage of scent stations visited at least once during the
5-day period. I also tried to use this method for the mink, but mink tracks were too scarce to
give a reliable index. Mink catch from the hunting season (August–April) was thus used as
an index of mink abundance in the removal areas.
The number of breeding pairs of ducks were counted in May/early June upon arrival of
migrating ducks. Pair counts were done on all water bodies in each study area, and birds
were counted from the same sites each year. (Duck counts were not done in 1993 in eastern
Finland because of the lack of field assistants). We included all species of dabbling and
diving ducks observed in the study areas. Mallards Anas platyrhynchos, common teals Anas
crecca and common goldeneyes Bucephala clangula were the most common species in
southern and eastern Finland. Besides these, wigeons Anas penelope, northern pintails Anas
acuta and tufted ducks Aythya fuligula were common in northern Finland. Two counts were
done, as some ducks (mallards, teals, northern pintails, goldeneyes) arrive earlier than others
(tufted ducks, wigeons) (K o s k i m i e s & V ä i s ä n e n 1988). Two brood counts were
done in late June and July to get a reliable estimate of the number of broods and ducklings
produced in each area. The number of ducklings divided by the number of pairs gives the
relative reproduction rate. All duck counts were performed by experienced field assistants.
Statistical analyses
I used mainly nonparametric tests, because all variables were not normally distributed
(Kolmogorov-Smirnov test). The statistical power of the tests is thus rather low. The trends in
predator indices, the number of broods per pair and the relative reproduction rate (= ducklings/
pair) were tested using Spearman rank correlation test (1-tailed). I used Wilcoxon signed rank test
to examine the differences between the removal and control areas. I also compared the number of
females with or without broods in the beginning and at the end of the study by using the χ2 -test.
The relationships between predator indices and the relative reproduction rate of ducks was tested
by using regression analysis. I smoothed the data by using 3-year moving averages to better reveal
possible trends in the indices (P o s t & S t e n s e t h 1999). The values for the first and last
year were not smoothed. All analyses were performed with the software SYSTAT 10.

Results
Number of predators removed and trends in predator indices
In southern Finland, most predators removed (total N = 433) were raccoon dogs (280),
but also some red foxes (49), pine martens (40) and American minks (64) (Table 1). No
significant trends were observed in predator indices in southern Finland (Fig. 1). However,
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in the removal area, the fox index first declined and then increased again towards the end of
the study, while the raccoon dog index behaved in the opposite way, and there was negative
correlation between these two indices (Rs = -0.90, p<0.05). Also fox and marten indices
correlated negatively in the removal area (Rs = -1.00, p<0.01). The marten index declined at
the beginning of the study in the control area.
In eastern Finland, most predators removed (total N = 186) were minks (88), but also
many foxes (57) and martens (41) were caught. The fox index increased in the control area,
as did the marten index towards the end of the study, but no significant trends in predator
indices existed in the removal area (Fig. 1).
In northern Finland, most predators removed (total N = 132) were foxes (72), but also
some martens (28) and minks (32) were caught. Both fox and marten indices declined in the
removal area and increased in the control area (Fig. 1).
Table 1. Predator catches (ind./10 km2) in the removal areas during the experiment, starting from the hunting
season 1993/94. The hunting season is from 1 August to 30 April, except that of the pine marten, which is from
1 November to 31 March.
Area

1993/94

1994/95

1995/96

1996/97

1997/98

R. dog
Fox
Marten
Mink

7.6
1.6
1.6
2.0

12.2
1.5
1.1
1.8

13.6
2.9
2.2
2.5

10.2
2.2
2.0
2.7

7.3
0.7
0.4
2.5

Fox
Marten
Mink

3.2
2.9
5.7

3.3
1.3
2.2

1.3
1.1
2.1

0.1
0.4
2.2

-

Fox
Marten
Mink

2.4
1.0
1.0

1.4
1.0
0.8

2.0
0.7
0.6

1.4
0.1
0.8

-

Southern Finland:

Eastern Finland:

Northern Finland:

Breeding success of ducks
The numbers of breeding pairs of ducks are given in Fig. 2. In the spring of 1994, many new
nest boxes for goldeneyes were taken to the removal area of southern Finland which resulted
in an increase of breeding pairs of goldeneyes.
In southern Finland, the breeding success of diving ducks increased in the control area,
whereas no significant trends in the breeding success of ducks could be seen in the removal
area (Fig. 2). The number of broods per pair in the first and last year of the study period did
not differ in either area (Table 2). The relative reproduction rate (ducklings/pair) of both
dabbling and diving ducks was higher in the control area in southern Finland (Table 3).
In eastern Finland, the breeding success of ducks declined in both areas and was higher at the
beginning of the study than at the end of it (Fig. 2, Table 2). There was no difference in the relative
reproduction rate of ducks between removal and control areas in eastern Finland (Table 3).
In northern Finland, the breeding success of diving ducks improved in the removal area,
whereas that of dabbling ducks declined in the control area (Fig. 2, Table 2). The breeding
success of both dabbling and diving ducks was better in the removal area (Table 3).
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Raccoon dog
Fox
Marten

A.

Southern Finland: control

Southern Finland: removal

6.0
5.0
4.0

(0.30)

3.0

40
30
20

2.0
1.0

(0.37)

10

9.0
8.0

(0.20)

7.0
6.0
5.0

(0.60)

4.0

40
30

3.0

(-0.49)

2.0

1993 1994 1995 1996 1997 1998

20
10

1.0

Raccoon dog index

7.0

Fox and marten index

(-0.37)

8.0

Raccoon dog index

Fox and marten index

9.0

1993 1994 1995 1996 1997 1998

B.
Northern Finland

Eastern Finland

4.0

(0.90*)
3.0

(-1.00**)
(0.90*)

2.0

1.0

Fox and marten index

Fox and marten index

(1.00**)

6.0

5.0

(0.30)

5.0
4.0
3.0
2.0

(-0.82)

1.0

(-0.70)

(-0.90*)

1993

1994

1995

1996

1997

1993

1994

1995

1996

1997

Fox: removal
Fox: control
Marten: removal
Marten: control

Fig. 1. Predator indices in southern Finland (A) and in northern and eastern Finland (B). Fox and marten indices
give the number of snow tracks crossing the transect line per 10 km and 24 h. The raccoon dog index gives the
percentage of scent stations visited during a 5-day period. Spearman rank correlation coefficients (Rs) are also
given. One asterisk: p<0.05, two asterisks p<0.01 (one-sided test). Original figures of predator indices have been
published in K a u h a l a et al. (1999).

The first prediction, that the breeding success of ducks will increase in predator removal
areas and decrease in predator control areas, was proved only in northern Finland. The
second prediction, that the effect of predator removal on duck breeding success will be
greatest in southern Finland, did not hold.
Predator indices and the breeding success of ducks
Since the breeding success of ducks declined sharply in both areas of eastern Finland
(Fig. 2, Tables 2, 3), the treatment (predator removal/protection from hunting) did not seem to affect
the breeding success of ducks. Therefore I excluded eastern Finland from the following analysis.
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Northern Finland
7

9

11

9 (0.29)
9 (1.00*)

Broods/pair

35
35

0.8

9

21

0.6
0.4

(-0.90*)

43
43

0.2
0.0

29

34

9

27

12

(-0.90*)

46

Ducklings/pair

5

1.0

37

30

5.0

(-0.10)

4.0

(1.00*)

3.0
2.0

(-1.00*)

1.0

(-0.41)

0.0

1994

1993

1995

1996

1997

1993

1994

Eastern Finland

Broods/pair

18

0.6

18

13
18

20

6

30

0.4

21

(-1.00*)

19
12
16

0.2

(-1.00*)
(-1.00*)
11 (-1.00*)

10

1995

3.0
2.0
(-1.00*)

1.0

(-1.00*)
(-0.80)
(-1.00*)

20

0.0
1994

1997

4.0

15

0.8 11

1996

Dabbling ducks, removal
Diving ducks, removal
Dabbling ducks, control
Diving ducks, control

16

Ducklings/pair

1.0

1995

1996

0.0

1997

1994

1995

1996

1997

Southern Finland
16

0.4
0.3
0.2

21

25
14

42
29

10
11

20
33

6
25

20
23

13
33

23 (0.66)
(0.84*)
18

23
28

34

24
16

0.1
0.0

(0.26)
(0.03)

(0.81)

(0.89*)

2.0
1.5
1.0

(0.31)
(0.26)

0.5

18

1993

2.5

Ducklings/pair

Broods/pair

0.5

1994

1995

1996

1997

1998

0.0

1993

1994

1995

1996

1997

1998

Fig. 2. The trends in the number of broods/pair and the relative reproduction rate of ducks (ducklings/pair) in
predator removal and control areas in different regions of Finland. The number of pairs are given in the figure on
the left. Spearman rank correlation coefficients (Rs) are also given. One asterisk: p<0.05, two asterisks p<0.01
(one-sided test).

In both areas of southern Finland, there was a positive relationship between the raccoon
dog index and the relative reproduction rate of dabbling ducks, whereas the fox index
correlated negatively with the breeding success of ducks in the removal area (Table 4).
A negative relationship existed also between the marten index and the breeding success
of ducks in the control area. The third prediction, that raccoon dog removal will increase
breeding success of dabbling ducks in southern Finland, did thus not hold.
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Table 2. Proportion of females with broods (broods/pair) compared between the first and last year of the study in
each area using χ2 -test. Df = 1 in each case. χ2 -values are Yates-corrected when frequency in some cell is <5.
Area/treatment
Southern Finland:
Removal
Control
Eastern Finland:
Removal
Control
Northern Finland:
Removal
Control

Females with broods
First year

Last year

χ2

p

Dabbling ducks
Diving ducks
Dabbling ducks
Diving ducks

0.30
0.11
0.44
0.27

0.19
0.24
0.52
0.50

0.03
0.24
0.27
0.67

0.854
0.477
0.605
0.228

Dabbling ducks
Diving ducks
Dabbling ducks
Diving ducks

0.82
1.00
0.70
0.94

0.09
0.50
0.15
0.19

8.98
5.50
10.23
17.03

0.003
0.019
0.001
< 0.001

Dabbling ducks
Diving ducks
Dabbling ducks
Diving ducks

1.00
0.42
0.97
0.42

1.00
1.0
0.55
0.27

5.45
13.98
1.92

NS
0.019
< 0.001
0.165

Table 3. Differences in reproductive parameters between removal and control areas, tested using the Wilcoxon
Signed Rank test (two-sided).
Area

Broods/pair

Ducklings/pair

Z

p

Z

p

Dabbling ducks
Diving ducks

-0.94
-1.99

0.345
0.046

-2.20
-2.20

0.028
0.028

Dabbling ducks
Diving ducks

-0.37
-1.83

0.715
0.068

-0.73
-0.73

0.465
0.465

Dabbling ducks
Diving ducks

-2.02
-1.83

0.043
0.068

-2.02
-2.02

0.043
0.043

Southern Finland:

Eastern Finland

Northern Finland:

In the removal area of northern Finland there was a negative relationship between the fox and
marten indices and the relative reproduction rate of diving ducks, whereas in the control area the
relative reproduction rate of dabbling ducks correlated negatively with fox and marten indices. No
significant correlation existed between the mink index (catch) and the breeding success of ducks
in any area, although in northern Finland the relationship seemed to be negative (Table 4).

Discussion
The effect of predator removal on predator populations
Predator removal was most successful in northern Finland where study areas were large and
predator densities rather low. In eastern Finland, the fox index increased in the control area,
whereas predator indices slightly (but not significantly) decreased in the removal area during
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Table 4. Relationship between predator indices and the relative reproduction rate of ducks (ducklings/pair) in
predator removal and control areas, tested with regression analysis (r2/F/p). NS = no model (p>0.01). Spearman
Rank correlation coefficient, Rs, is also given (an asterisk indicates p<0.05, one-sided test).
Area/treatment
Southern Finland:
Removal

Dabbling ducks
Diving ducks

Control

Dabbling ducks
Diving ducks

Northern Finland:
Removal

Dabbling ducks
Diving ducks

Control

Dabbling ducks
Diving ducks

Fox

Marten

Raccoon dog

Mink

0.69/8.7/0.042
Rs = -0.71
0.77/13.3/0.022
Rs = -0.77
NS
Rs = 0.52
NS
Rs = 0.37

NS
Rs = 0.71
NS
Rs = 0.77
0.88/28.9/0.006
Rs = -0.81
0.79/14.8/0.018
Rs = -0.37

0.83/15.1/0.030
Rs = 0.90*
NS
Rs = 0.50
0.96/79.9/0.003
Rs = 0.98*
NS
Rs = 0.40

NS
Rs = 0.62
NS
Rs = -0.21
-

NS
Rs = 0.10
0.83/15.0/0.030
Rs = -1.00*
0.73/7.9/0.067
Rs = -0.90*
NS
Rs = -0.67

NS
Rs = -0.30
0.94/48.5/0.006
Rs = -0.90*
0.70/7.0/0.078
Rs = -0.90*
NS
Rs = -0.67

-

NS
Rs = -0.95
NS
Rs = -0.63
-

the experiment. Especially at the end of the study predator densities thus differed between
the removal and control areas, pointing to the conclusion that predator removal was rather
successful also in eastern Finland.
In southern Finland, the effect of predator removal on predator abundance was not so
evident. Although 280 raccoon dogs were caught from the removal area, no significant
decrease in the raccoon dog index was observed. One reason behind this may be the fact that
most raccoon dogs were caught in autumn and were juveniles that would have died anyway.
Some juveniles may also have immigrated to the removal area from neighbouring areas,
because juveniles may disperse far (K a u h a l a & H e l l e 1994). Furthermore, like other
canids, raccoon dogs also tend to increase their litter size under high hunting pressure and
thus counteract – and even overcompensate – removal (K. K a u h a l a , unpublished data).
In the removal area of southern Finland, the fox index first declined but then increased
again at the end of the study, indicating that fox removal was not very effective towards the end
of the study. Because fox and raccoon dog indices correlated negatively, it is possible that there
is competition between these species and, if the hunting pressure towards one of the them is
high, the other one may benefit and increase in numbers. Competition is likely, because foxes
and raccoon dogs share a large part of their diet (K a u h a l a et al. 1998). Intraguild predation
(foxes killing raccoon dogs) is unlikely, because raccoon dogs do not seem to avoid foxes
(K a u h a l a et al., unpublished data). A negative relationship between fox and raccoon
dog numbers has also been observed in Germany in recent years (S c h w a r z et al. 2002).
Indeed, intraguild aggression between different canid species is common (M a c d o n a l d
& S i l l e r o - Z u b i r i 2004).
Marten removal in southern Finland had no obvious effect on the marten index, but
marten numbers were low even in the beginning of the experiment. There was also a negative
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relationship between fox and marten indices in the removal area, maybe due to intraguild
predation, as was suggested by L i n d s t r ö m et al. (1995). The marten index crashed in
the control area in the beginning of the study, probably because vole numbers peaked in
1992 and declined and remained low thereafter (K a u h a l a et al. 1999). The vole index
(voles trapped per 100 trap-nights) was 25.8 in 1992 and 1.1–4.7 in 1993–1998.
Impact of predators on the breeding success of ducks
In northern Finland, different treatments resulted in different trends in the breeding success
of ducks. The results of the present study from northern Finland are similar to those of
many North American studies. B a l s e r et al. (1968), D u e b b e r t & K a n t r u d
(1974), D u e b b e r t & L o k e m o e n (1980), L o k e m o e n & W o o d w a r d (1993)
and G a r r e t t s o n & R o h w e r (2001) found that removal of mammalian predators
dramatically increased duck nest success. L a G r a n g e et al. (1995) noticed that nest
success of dabbling ducks was greater inside an enclosure, which prevented medium-sized
carnivores from entering, than outside the enclosure. Also L o k e m o e n et al. (1982),
G r e e n w o o d et al. (1990) and C o w a r d i n et al. (1998) reported high breeding success
of ducks in enclosures.
Both fox and marten numbers seemed to affect the breeding success of especially
diving ducks in northern Finland. Martens may destroy the nests of e.g. goldeneyes. Also
in other studies martens were found to be the primary nest predators of goldeneyes in
Finland (P ö y s ä et al. 1997). Martens and foxes may also prey on ducklings of both
dabblers and divers, when these are on their way from the nest to the water body. During
these sometimes rather long walks ducklings may be very vulnerable to predation by
mammalian predators. Foxes may also destroy the nests or kill the females of dabbling
ducks. The red fox was found to be an important predator of duck nests and females also in
North America (S a r g e a n t 1972, J o h n s o n & S a r g e a n t 1977, J o h n s o n et al.
1989, F l e s k e s & K l a a s 1993, S o v a d a et al. 1995, G a r r e t t s o n et al. 1996)
and coastal birds in Germany (H e l b i g & K l e n k e 1995, according to B e l l e b a u m
2002).
Predator (mainly raccoon dog) removal did not result in better breeding success of ducks
in southern Finland. Either predator removal was not successful enough or raccoon dogs do
not have a noteworthy effect on the breeding success of waterfowl. The positive correlation
between the raccoon dog index and the breeding success of dabbling ducks suggests that
the latter alternative is true. It is also possible that the number of other predators, especially
the fox, removed was too low; other studies have shown that removal of only one predator
or part of a diverse community of predators does not lead to an increase in the breeding
success of game birds (B a l s e r et al. 1968, G r e e n w o o d 1986, C l a r k et al. 1995).
Functional responses of other predators including avian predators like crows Corvus corone
or goshawks Accipiter gentilis, may be involved, and the overall effect of predator removal
may thus be neutral. Manipulations may have complex impacts on predator communities
(P a i n e et al. 1990), and removing mainly one predator species may also result in a
numerical response from other predators, leading to compensatory predation (G o o d r i c h
& B u s k i r k 1995, P a l o m a r e s et al. 1995, S o v a d a et al. 1995, D i o n et al.
1999). The negative relationship between the fox and raccoon dog indices in the removal
area supports this idea. Furthermore, in early summer birds occur more frequently in fox diet
than in raccoon dog diet in southern Finland (K a u h a l a et al. 1998).
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The fox may thus be the major predator of dabbling duck nests and broods in southern
Finland. Fox density is high in southern Finland, and foxes may prey both on eggs
and incubating females such as mallards (S a r g e a n t 1972, F l e s k e s & K l a a s
1993), whereas raccoon dogs consume only eggs but do not usually catch females (O.
O p e r m a n i s, in litt.). Thus, mallards may lay a new clutch, if the first one is destroyed
by a raccoon dog. But if the fox finds the nest, no renesting can occur if the female is killed.
Furthermore, raccoon dogs spend much time on shores in early summer (K a u h a l a 1996),
whereas mallards and teals usually nest in the forest. The habit of nesting in the forest may
have evolved as an adaptation to the presence of mustelid predators, like the European mink
Mustela lutreola that lives near water (now extinct in Finland). In Latvia, of 1059 duck nests
destroyed by predators on an eutrophic wetland, only 0.6% were attributed to raccoon dogs
(O p e r m a n i s et al. 2001). This also points to the conclusion that the impact of raccoon
dogs on duckling production is of minor importance.
The increase in the breeding success of diving ducks in the control area of southern
Finland may be due to the decline in the marten population after the crash in vole numbers.
The mink index did not explain the variation in the breeding success of ducks in any area.
However, in northern Finland, there was a negative (but not significant) relationship between
the mink index and the breeding success of ducks. Thus, the mink may have some effect in
the north, but more evidence and a better index for mink abundance is needed.
In eastern Finland, the breeding success of ducks declined sharply in both areas,
suggesting that other factors than mammalian predators were involved. B e a u c h a m p
et al. (1996) also found that nest success in removal and unmanaged sites did not differ
(58 studies reviewed in the prairies) and nest success declined over time at similar rates both
at sites with and without predator management. Thus, nest loss due to mammalian predators
did not appear to be the cause of the long-term decline in nest success in the prairie region.
The results of predator removal studies thus differ between areas according to the local
circumstances.

Conclusions
1) Where predator numbers are rather low and areas large, as in northern Finland, fox and
marten removal may have considerable effect on predator numbers and the breeding success
of ducks.
2) The study gave no evidence that the introduced raccoon dog has a negative impact on the
breeding success of dabbling ducks. Instead, foxes and martens seemed to be more important
predators of duck nests and broods also in southern Finland.
3) Removing mainly one predator, like the raccoon dog, may not have the desired effect on
the breeding success of birds, because both the numeric and functional response of other
predators, like the fox, may increase and lead to compensatory predation.
4) The effect of the American mink on duckling production could not be verified in this study,
and further research on this subject is needed.
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