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EGG PREDATION IN REEDBED NESTING GREYLAG GEESE

ANSER ANSER IN VEJLERNE, DENMARK
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Egg predation in Greylag Geese Anser anser nesting in reedbeds was stud
ied at three sites in Vejlerne (NW Denmark). Overall, 34% of all clutches
hatched successfully (range 26-53%), while at least 34% of all nests were
abandoned. Avian predation of clutches was particularly high on one site
(20%) compared to other sites (0-2%), probably as a result of better breed
ing opportunities for crows in that area. Mammalian egg predation was low
in the two sites with natural barriers in the form of water channels or with
higher vegetation densities. Nests neighbouring depredated nests were
more likely to be depredated. An important factor affecting egg predation
by mammals was the distance of the nest to reed cutting tracks. Second,
there was a tendency for successful nests to occur in areas with higher veg
etation densities. Mammalian predators were Red Fox Vulpes vulpes and
American Mink Mustela vison and/or Western Polecat M. putorius.
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INTRODUCTION

The reproductive output of geese varies greatly
within and between species (Johnson et al. 1992).

One of the most important factors determining
nesting success is predation (Campbell 1990; Sar
geant & Raveling 1992) and a variety of avian and
mammalian predators may take eggs and young,
depending on nest site and geographical location.
Some natural sites such as islands offer protection
from predators, and island nesting birds may suf
fer lower predation than elsewhere (Giroux 1981;
Wright & Giles 1988; Lokemoen & Woodward
1992). Predation may also be reduced in nests
concealed by vegetation (Witkowski 1983; John
son et al. 1992) or where access to nests is re
stricted to predators by other barriers like chan
nels or moats (Lokemoen & Woodward 1993).

Greylag Geese Anser anser breeding on is
lands and in reedbeds in Denmark presumably se
lect nest sites so as to reduce their accessibility to

mammalian predators, or hide their nests in dense
vegetation to avoid detection by avian predators.
This study examined the importance of factors af
fecting egg predation from Greylag Goose nests
in reedbeds, and focussed on the nests' accessibil
ity to mammalian predators, as measured by veg
etation density surrounding the nest site, water le
vel at the nest site, distance of nests to land and
reed cutting tracks, and nest density.

STUDY AREA

The study was carried out in the 6000 ha nature
reserve of Vejleme in NW Denmark (Fig. 1).
Study sites were selected at Selbjerg/Glombak
Vejler (SGV, 504 ha), Bygholm Nord R0rskov
(BNR, 368 ha) and T0mmerby Fjord (TF, 161
ha). Vejleme reserve is an important wetland area
for breeding and staging waterfowl in Denmark,
and consists of large shallow freshwater lakes,
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Fig. 1. Map of Vej1eme. Areas shaded dark denote reedbeds. L0N =L\'lnnerup Fjord, 0ST =0steri1d Vej1e, V-A
= Ves1\'ls/Arup Vej1e, TF =T\'lmmerby Fjord, LUN =Lund Fjord, HAN =Han Vej1e, SGV =Se1bjerg/Glombak
Vejle, BNR =Bygho1m Nord R\'lrskov.

1500 ha of reedbeds, and extensive meadows
(Mpller 1980). The reedbeds are dominated by
Phragmites australis, with smaller patches of Ty
pha angustifolia, T. latifolia, bulrush Scirpus spp.
and locally also willow scrub Salix cinerea and S.
aurita and hawthorn Crataegus spp. Some 700
pairs of Greylag Geese breed at Vejlerne, almost
exclusively in the reedbeds. The reedbeds of the
Selbjerg/Glombak Vejle and Bygholm Nord
Rprskov study sites are extensive and wide and in
Bygholm Nord Rprskov are, in some places, sur
rounded by water channels. In Tpmmerby Fjord
the reedbed is narrow and surrounded by water
channels and dense vegetation of willow and
hawthorn. Reed cutting is carried out on a regular
basis in all three areas and cutting of smaller
patches was done in the winter preceding the
study leaving these patches, and a number of
tracks made by the reed cutting machine exposed.

METHODS

On the basis of vertical aerial photographs taken
on 12 April 1994 from an altitude of 300 metres,
136 nests were located and subsequently visited
after the incubation period in 1994. Near each
nest, four 50 cm x 50 cm frames were placed
North, South, West and East of the nest centre.
Within the frame all reed stems standing more
than 75 cm above the substrate surface were
counted. 20 were chosen randomly and their di
ameter was measured (in mm) using a digital cal
liper at 60 cm from the substrate surface. The
frame was positioned sufficiently far (usually 1.5
2 m) from the nest to avoid areas of reros dam
aged by geese. For each nest an average reed stem
diameter (d = 2r) and reed stem density (D) was
calculated and these were used to provide an area
index of the vegetation cover, mm2/m2 (%0 co-
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ver), representing each nest (assuming reed stems
to be circular, vegetation cover index =n r2 D).
The few nests found in reed-mace were treated in
the same way to reeds. Only old reed stems were
measured, so as to reflect the conditions the geese
faced during nest building and incubation, when
new reed shoots had not emerged. Water levels
were measured in each of the four frames and the
mean depth adjusted by using values obtained
from permanent stations (where water levels were
measured at least once every five days all year), to
obtain values representing the conditions when
the breeding geese were choosing nest site (c. first
week of March). A mean water level value was
then calculated for each nest.

Nest fate was determined as a successful
hatch, predation by mammals or predation by
birds (Rearden 1951; Bang & Dahlstrom 1980;
Brown et al. 1992). Predation was assumed to
have occurred if there were signs of predator
presence associated with the nest. The type of
predator was identified from the way the egg was
treated, the type of faeces, the presence of hair or
other signs and tracks (Rearden 1951; Bang &
Dahlstrom 1980; Brown et ai. 1992). Usually there
was more than one sign of the predator (e.g. both
faeces, hair and egg shells). Nests were recorded
as successful (eggs hatched) if there were no
signs of predator presence and if the remains of at
least one egg showed signs of having hatched
successfully. Nests without egg remains but
which were clearly from the present year (newly
built or with down present) were recorded as de
serted.

Aerial vertical photographs were used to
measure the distances of nests to land and to reed
cutting tracks; nest density (nests ha-1) at intervals
of 100 or 200 m from land at two sites of Selb
jerg/Glombak Vej1e (SGV A and SGV B) and one
site in Bygholm Nord R¢rskov (areas were meas
ured by aLi. 3100 Area meter, Li-Cor, Inc. Lin
coln, Nebraska, USA); and the distances between
all nests at one site in Bygholm Nord R¢rskov
and two in Selbjerg/Glombak Vej1e to assess the
effect of nest density on egg predation (see statis
tical section, Randomisation test). In each of

these sites goose nests showed a non-random
clumped distribution.

Statistical analyses were performed by means
of SAS statistical packages (SAS Institute Inc.
1990). Differences between mean values of vari
ables were tested with unpaired Student's t-test or
unpaired Welch-approximate t-test. Stepwise lo
gistic regression analysis (PROC CATMOD) was
used to estimate the overall effect of variables on
the probability of mammalian predation in each
of the three locations. Nest fate (predation/sUC
cessful hatch) was chosen as the dependent vari
able and vegetation cover, water level, distance to
land and distance to reed cutting track as the inde
pendent variables. Discriminant function analysis
was carried out to show how many of the nests
depredated by mammals, and how many of the
successful nests, were classified correctly accord
ing to the above variables. Fischer's Exact test
was performed to test if the nearest neighbour to a
depredated nest usually was also depredated.
Randomisation tests (Monte Carlo procedure; So
kal & Rohlf 1981) were performed to determine
whether actual distances between predated nests
were equal to or less than distances between a
random set (100 000) of hypothetical predated
nests. X2 tests or Fischer's Exact tests were per
formed to test for differences between sites in
hatching success, mammalian and bird egg preda
tion and nest desertion. Spearman rank correla
tion was made to test for correlation between nest
density and distance from land and for predation
rate and distance from reed cutting tracks. All
tests were two-tailed.

RESULTS

Site differences, nest density and distance from
land

Overall 34% of nests were successfully
hatched ranging from 26% in T¢mmerby Fjord
(TF) to 53% in Bygholm Nord R¢rskov (BNR;
Table 1). Egg predation was 22% (15% by mam
mals and 7% by birds). Of all nests 34% were de
serted but the degree of desertion was not signifi-
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Table 1. Fate of 136 Greylag nests distributed in Selbjerg/Glombak Vejle (SGV), Bygholm Nord R¢rskov (BNR)
and T¢mmerby Fjord (TF).

Locality Predation Predation Success Abandoned Uncertain Total
(birds) (mammals) (deserted) fate

..._-~---~---"'-

SGV 1 2% 15 26% 18 31% 21 36% 3 5% 58
BNR 0 0% 2 6% 17 53% 11 34% 2 6% 32
TF 9 20% 3 7% 12 26% 14 30% 8 17% 46
Total 10 7% 20 15% 47 34% 46 34% 13 10% 136

cantly different between localities (X22 =0.3875,
P = 0.8238). Bird predation was significantly
more frequent in T0mmerby Fjord (20%; X22 =
15.308, P < 0.001) compared to the other areas
(Selbjerg/Glombak Vejle 2% and Bygholm Nord
R0rskov 0% respectively). Mammalian predation
was significantly lower in both Bygholm Nord
R0rskov (6%) and T0mmerby Fjord (7%) than in
Selbjerg/Glombak Vejle (SGV; 26%; X22 =
10.609, P < 0.01). Although 80% of all geese nes
ted in pure reed stands (n = 136), 19% of nests
were build in a mixture of reeds and reed-mace.
No significant differences between the proportion
of nests predated by mammals in the two main
vegetation types P. australis and P. australis/Ty-

pha sp. were detected in any of the three areas:
Selbjerg/Glombak Vejle (Fischer's Exact test,
Odds ratio =1.065, n =58, P =1), Bygholm Nord
R0rskov (Odds ratio =1.078, n =32, P =1) and
T0mmerby Fjord (Odds ratio = 0.2632, n = 46, P
= 0.3491).

In reedbeds of one part of Selbjerg/Glombak
Vejle (SGV A; Fig. 2) nest density increased with
distance from land (r = 1, n = 6, P < 0.01). In an
other part (SGV B) and in Bygholm Nord R0rs
kov the increase was not a significant (SGV B r =

0.4, n =4, P =0.75; Bygholm Nord R0rskov r =
0.4, n =4, P =0.75). However, this was probably
due to very small sample sizes. It was not possible
to carry out this analysis in T0mmerby Fjord due
to the narrow width of the reedbed in this area.

Fig. 2. Nest density (nests ha-1) and distance from
land (m) in Selbjerg/Glombak Vejle A (SGV A; filled
circles), SGV B (open circles) and Bygholm Nord
R¢rskov (BNR; filled triangles).
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Factors affecting mammalian egg predation
Details of nests suffering mammalian preda

tion are presented in Table 2. Although mean veg
etation cover values were higher for successful
nests in all localities, the difference was only sig
nificant in Bygholm Nord R0rskov. No difference
in mean water levels between depredated and suc
cessful nests were found in any of the three areas.
The distance from land to nest location was sig
nificantly less for successful nests than depre
dated nests in Selbjerg/Glombak Vejle and a sim
ilar (non-significant) tendency was found in By
gholm Nord R0rskov (no data from T0mmerby
Fjord). The distance of predated nests from tracks
left by reed cutting machines was less than that of
successful nests (data only from Selbjerg/Glom
bak Vejle; r =-0.95, n =4, P =0.0833; Fig. 3).
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Table 2. Mean values (± SD) for vegetation cover, water level, distance to land and distance to reed cutting tracks
for successful nests and nests depredated by mammals for each study site.

Selbjerg/Glombak Vejle Predated Successful
mean±SD mean±SD t-value n df P

vegetation cover (mm2/m2) 2905.6 ± 1508.1 3521.1 ± 1960.5 0.9788 33 31 n.s.
%0 cover 2.9 %0 3:5 %0
water level (cm) 33.8 ± 7.7 30.8 ± 7.8 0.9511 33 31 n.s.
distance to land (m) 146.0 ± 90.31 63.7 ± 80.5 2.237 22 20 <0.05
distance to track (m) 28.4 ± 21.1 129.5 ± 72.9 5.316 31 17 <0.001

._-~.-- .-.-----~., .._-

Bygholm Nord R¢rskov

vegetation cover (mm2/m2) 2106.7 ± 863.6 3266.1 ± 755.8 2.409 20 18 <0.05
%0 cover 2.1%0 3.3 %0
water level (cm) 19.5 ± 5.5 22.6 ±4.5 1.052 18 16 n.s.
distance to land (m) 26.7 ± 32.1 14.5 ± 6.8 0.6549 20 2 n.s.

---~

T¢mmerby Fjord

vegetation cover (mm2/m2) 4605.2 ± 550.8 5634.4 ± 1125.2 1.508 15 13 n.s.
%0 cover 4.6%0 5.6%0
water level (cm) 39.5 ± 4.3 40.6 ± 4.1 0.4259 15 13 n.s.

Fig. 3. Rate of predation (%) with increasing distance
from reed cutting tracks.
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The logistic regression (Table 3) tested the
null hypothesis that nest success probability was
independent of: vegetation cover, water level, dis
tance to land and distance to reed cutting tracks.
The test was performed separately for each local
ity. The only significant variable entering the mo
del was distance to reed cutting tracks in Selb
jerg/Glombak Vejle which explained 77% of the
variation. From this it can be predicted that the
predation risk declines with increasing distance to
these tracks. Discriminant functional analysis
correctly classified 96% of all 23 nests in Selb
jerg/Glombak Vejle with known fate incorporat
ing both distance to land and distance to reed cut
ting tracks in the model. Only one nest (a success
fully hatched) was misclassified (Fig. 4).

A depredated nest was usually situated close
to another de predated nest and a successful nest
to another successful nest (Fischer's Exact test,
Odds ratio =13.619, n =45, P < 0.001). In each
of the areas that were tested with the Randomisa-
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Table 3. Logistic regression (SAS, CATMOD proce
dure) for factors affecting nest predation of Greylag
Geese. Each locality was treated separately. Only the
variable that entered the model is presented (distance to
track in Selbjerg/Glombak Vejle). The maximum likeli
hood (ML) assesses how well the model fits.

Variable Estimate X2 P ML

Table 4. Randomisation test (Monte Carlo proce
dure). Number of computed distances (runs): 100 000
between a random set of hypothetical depredated nests
compared to the actual distances between depredated
nests in Bygholm Nord Rl'lrskov (BNR) and Selb
jerg/Glombak Vejle (SGV A and B). P is the probability
of obtaining a distance less than or equal to the actual
distance between predated nests.

constant 2.7905 7.07 0.0078 0.767 Locality Number of Number of P-value
distance to track -0.0500 6.42 0.0113 nests predated nests

BNR 16 2 0.017
SGVA 8 5 0.035
SGVB 12 9 0.0445

edbeds and were often seen on permanent ele
vated look-out posts. Unfortunately no quantita
tive information is available concerning the pres
ence of this species. On five occasions faeces of
Red Fox Vulpes vulpes were found in goose nests
and three times close to nests. Some faeces re
vealed remains of egg shells and chorion mem
brane. Foot prints were recorded three times.
Foxes were observed several times during the
field work both on the meadows and in the tracks
of the reed cutting machines. On four occasions
faeces of American Mink Mustela vison or West
ern Polecat M. putorius were found in nests, and
foot prints belonging to one of these predators
were seen twice in the tracks of the reed cutting
machine.
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Fig. 4. Distance from land (DL) and tracks (DT) of
successful (filled circles) and depredated (open circles)
nests, with the discriminant line (0.0336DL =
0.0498DT - 1.2143).

tion test, the actual distances between depredated
nests were significantly lower than the distances
of a number (100 000) of randomly chosen hypo
thetical depredated nests (Table 4). Hence neigh
bouring nests usually had a similar fate; espe
cially if they were situated close together.

Predators
Hooded Crow Corvus corone comix were the

only potential avian egg predator on goose eggs
in the area, although none were actually observed
eating eggs during this study. Crows frequently
nested in trees and bushes in the vicinity of the re-

DISCUSSION

Hatching success seemed quite low (c. 34%) in
comparison with other studies on breeding Grey
lag Geese; e.g. Newton & Kerbes (1974) 42-70%,
Witkowski (1983) 55%, and Nilsson & Persson
(1994) 58-78%. However, the results of the pre
sent study could easily be under-estimates in such
a comparison. In this study, nests which were
partly predated but still may have yielded suc
cessfully hatched eggs were assigned as predated
(i.e. the predator had found the nest), contrary to
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most other studies where such nests were as
signed as successfully hatched (Newton & Kerbes
1974; Witkowski 1983; Nilsson & Persson 1994).
Hence, comparisons with other studies should be
treated with caution.

The major causes of hatching failure were nest
desertion (34%) and predation (birds and mam
mals combined; 22%). Nest desertion was rela
tively high compared to other studies (Newton &
Kerbes 1974; Witkowski 1983; Nilsson & Persson
1994). The causes of nest desertion are unknown
but disturbance by predators or humans may have
been the cause (MacInnes & Misra 1972; Witkow
ski 1983). In this study, some nest desertion could,
however, result, according to my definition (nests
without signs of shells), from a predator removing
all eggs from a nest. Because no other potential
avian egg predators were resident in the area, the
main avian predator was almost certainly crows,
especially around T¢mmerby Fjord, where preda
tion rate was highest. Potential crow breeding si
tes seem to cover the entire periphery of the reed
bed of T¢mmerby Fjord and the reedbed forms
only a relatively narrow strip (<500 m in depth),
unlike the extensive reedbeds in both ofthe other
areas. Hence, it would have been much easier for
a bird predator to locate nests from its look-out
post in T¢mmerby Fjord than elsewhere. Erikstad
et al. (1982) found more predation by crows on
Willow Ptarmigan Lagopus lagopus nests within
350 m of their own nests than on nests further
away. Bird predation on goose nests implies that
the incubating goose is absent from its nest since
it is unlikely that a crow is capable of chasing the
goose off the nest.

In both T¢mmerby Fjord and Bygholm Nord
R¢rskov, predation by mammals was much lower
than in Selbjerg/Glombak Vejle. Accessibility to
the reedbed in T¢mmerby Fjord was rather diffi
cult if a mammal has to approach from the
ground. This site had the highest vegetation den
sity and there are only two points of access with
out swimming for a mammal across the channel
which surrounds the area. The nests in Bygholm
Nord R¢rskov could only be reached via a 2.5 km
long, narrow dike without any escape possibilities

or through I km of dense reedbed from the east.
Furthermore, in Bygholm small channel had to be
crossed. Of the three areas, Selbjerg/Glombak
Vejle offers the easiest access for a mammalian
predator. Reed density is rather low and no chan
nel surrounds the reedbed. Hence, terrestrial pred
ators can enter from almost any point along the
periphery of the reedbed. This may explain the
high rate of mammalian egg predation there. Only
in Bygholm Nord R¢rskov was there a significant
difference between vegetation cover around nests
depredated by mammals and successful nests, but
there was the same (non-significant) tendency in
the other areas. This suggests that Greylag Geese
nesting in denser reedbeds areas are better pro
tected against mammalian predators than are
those nesting in more open reedbeds.

Water level at the nest site did not affect egg
predation, probably because water levels were too
low (range 20-40 cm depth) to show any effect.
Foxes are occasionally seen in areas surrounded
by narrow channels and such water barriers were
unlikely to have deterred the more aquatic-adap
ted American Mink or Western Polecat (Nietham
mer & Krapp 1993) from entering the reedbed.
Given knowledge of high densities of prey in an
area occupied by breeding geese or other species
of birds, a mammalian predator (even a Red Fox)
may attempt crossing water barriers to get access
to the breeding area. The higher and somewhat
unexpected success rate of nests situated close to
land could be due to the fact that nest density ten
ded to increase with distance from land (Fig. 2).
Nests close to land were less densely distributed
and, as discussed below, egg predation (which in
creases with nest density) is strongly related to
the fate of nearby nests and the distance between
these. These factors, combined with the negative
correlation between nest predation and distance to
tracks, suggest that mammalian predators avoid
entering reedbeds directly from land but choose
the more accessible tracks which lead them to ar
eas of more abundant food resources (Fig. 5).

As well as concealment and the edge effect,
egg predation was related to the fate of nearby
nests. The risk of detection increased markedly if
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Fig. S. Generalised illustration of a hypothetical area
of reedbeds with reed cutting tracks and Greylag Goose
nests in relation to land area. The figure shows why it
may be more profitable for a mammalian predator to
follow tracks cut by the reed cutting machine which are
likely to lead them to higher nest densities than those
encountered during similar search effort close to land
(where nest densities are lowest). Filled circles indicate
goose nests; hypothetical reed cutting tracks are shown.

a neighbouring nest was depredated. A predator
that has found a nest in an area, will probably
have stayed and searched for more nests, or return
later (Stephens & Krebs 1986; O'Reilly & Han
non 1988). Since nests in these areas showed a
clumped distribution, predation risk might have
been reduced if nests had been more evenly
spaced (Sugden & Beyersbergen 1986). Goose ac
tivity in a reedbed area is frequently revealed by
indistinct paths of broken reeds made by the
geese themselves. As the frequency of these paths
probably increased with nest density, areas of
high densities may be easier to locate for the
predator. The paths may also make the reedbed
more accessible.

In summary, egg predation by mammals on
nests of Greylag Geese at Vejlerne were affected
by edge effect (distance from nest to reed cutting
tracks), nest density (fate of, and distance from,
nearby nests) and possible also by nest conceal
ment (vegetation) and predator accessibility due
to physical barriers (channels).
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SAMENVATTING

In het natuurreservaat Vejleme in het noordwesten van
Denemarken werd onderzocht in hoeverre de daar in
rietlanden nestelende Grauwe Ganzen Anser anser te
lijden hadden van predatie van de eieren door vogels en
(land-) zoogdieren. Aangenomen werd, dat de toegan
kelijkheid van de rietlanden en de zichtbaarheid van de
nestplaats belangrijke aspecten waren waardoor de
kans op predatie van het legsel werd beYnvloed. Het al
dan niet uitkomen van de eieren werd afgeleid van spo
ren op en rond het nest (het uiterlijk van de eierdoppen,
sporen van predatoren), tijdens een bezoek kort nadat
de ganzen met hun jongen uit het gebied verdwenen
waren. In het reservaat werden de broedresultaten en
predatiekansen vergeleken in drie deelgebieden (Selb
jerg/Glombak Vejle (SGV), Bygholm Nord R0rskov
(BNR) en T0mmerby Fjord (TF); Fig. 1). Gemiddeld
kwam in het gehele gebied 34% van de legsels uit
(spreiding 26% in TF, 53% in BNR; Tabel 1), terwijl
eveneens 34% van de nesten voortijdig bleek te zijn
verlaten. In T0mmerby Fjord werd liefst 20% van de
legsels door vogels gepredeerd, terwijl dit aandeel in
Selbjerg en Bygholm respectievelijk 2% en 0% be
droeg. De belangrijkste predator was vermoedelijk de
Bonte Kraai Corvus corone cornix, die in T0mmerby
Fjord veel geschikte nestgelegenheid bleek te hebben.
De predatie van legsels door zoogdieren was laag in de
twee gebieden waar greppels en sloten natuurlijke bar
rieres vormden (6% in BNR, 7% in TF). In
Selbjerg/Glombak Vejle werd 26% van de legsels door
zoogdieren gepredeerd. De belangrijkste predatoren in
Vejleme waren Vos Vulpes vulpes en Bunzing Mustela
putorius of Amerikaanse Nerts M. vison. Het bleek dat
deze zoogdieren handig gebruik maakten van 'paden'
in de rietlanden die veroorzaakt werden door rietsnij
ders in het gebied, waardoor zonder al te veel inspan
ning de broedplaatsen met de hoogste dichtheden gan
zen konden worden bereikt. Aangetoond werd dat een
nest een veel grotere kans liep om door zoogdieren ge
plunderd te worden wanneer in de onmiddellijke omge
ving ook andere nesten bezocht waren. De meeste suc
cesvolle nesten werden aangetroffen op grote afstand
van dergelijke 'toegangswegen' en in gebieden met re
latief dichte vegetatie. (CJC)
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