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Degradation of the distinct, diverse and abundant wader communities in Estonian coastal
meadows has been recorded along with the ceasing agricultural management there. At the
same time, the same species have been occupying adjacent inland mires. This study exam-
ined the possibility that waders are switching their habitat due to increased nest predation
in coastal meadows. However, no differences in the average daily survival rates of artifi-
cial nests were found between meadows and mires. Data on real wader nests indicated that
artificial nests reflect the fate of real nests. We suggest that meadows may have lost a past
safety advantage and now the breeders are re-settling according to the current habitat
quality. However, given the general decline of waders, the temporally increasing popula-
tions of mire breeders are hardly self-sustaining. Therefore, attempts to restore coastal
meadows are crucial for the Baltic populations of several wader species.

1. Introduction

In recent decades, many European wader popula-
tions have declined (BirdLife International 2004)
and nest predation is obviously a key factor in sev-
eral cases (e.g. Jönsson 1991, Grant et al. 1999,
Jackson & Green 2000, Rönkä et al. 2006).
Though nest predation causes frequent reproduc-
tive failure for birds in general (Ricklefs 1969), its
impact may be increasing concurrently with
changes in habitats and in predator-prey ratios
(Reynolds & Tapper 1996, Rönkä 1996, Koivula
& Rönkä 1998). Because of predation, the current

breeding success of waders may be too low for po-
pulation survival even in the areas managed in a
way considered suitable for birds (Jönsson 1991).

In the 20th century, grasslands were the primary
nesting habitat for many wader species in Estonia
(Leibak et al. 1994) with the highest diversity and
abundance of waders on managed coastal mead-
ows (Lilleleht 1998). However, concurrent with
the overgrowth of meadows due to ceased grazing
(see Rannap et al. 2007 for a quantitative over-
view), short-grass dwellers (such as Lapwing
Vanellus vanellus, Black-tailed Godwit Limosa

limosa and Southern Dunlin Calidris alpina
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schinzii) in particular, have dramatically decreased
since the 1950s. For example, these three species
have decreased by 50–80% within 30 years in the
Matsalu National Park, the most important wet-
land site in Estonia (Kuresoo & Mägi 2004). At the
same time, the waders have been gradually occu-
pying inland mires, though these local increases
have not balanced their general decline (Kumari
1972, Kuresoo & Mägi 2004). Despite the declin-
ing numbers (Elts et al. 2003), Estonia still sup-
ports a substantial part of the European popula-
tions of several wader species, such as one-third of
the Baltic Dunlin population (Thorup 2006).

This study explores the possibility that waders
are switching their breeding habitat according to
the increased nest predation in coastal meadows.
Such a switch may be caused by the loss of exten-
sive short-grass areas (Rannap et al. 2007) where
waders can better avoid predators (Koivula &
Rönkä 1998). A disproportionately greater in-
crease in predator numbers has occurred in agri-
cultural landscapes after their reduced persecution
since the 1970s and the recent more abundant and
concentrated food base (Edula 1998, Tuule & Elts
2003). Thus, in terms of nesting success, mires
may have become more favourable, acting as tem-
porary refuges or even sustaining the populations
eventually at some lower level. Indeed, higher
breeding success of Curlew Numenius arquata in
bogs than in other habitats has been reported from
Sweden (Berg 1994). Below we compare preda-
tion rates on artificial nests in these two habitat
types in Estonia and, to support the extrapolation
of the results to real populations, we also present
evidence for the link between the success of artifi-
cial and real wader nests.

2. Methods

The study was conducted in the West-Estonian
coastal meadows and open mires (raised bogs,
transitional mires and fens), where six species of
waders breed in both habitats: Lapwing, Redshank
Tringa totanus, Black-tailed Godwit, Dunlin, Cur-
lew, and Common Snipe Gallinago gallinago. The
most likely predators on wader nests in the study
area are Marsh Harrier Circus aeruginosus, gulls
Larus spp., Hooded Crow Corvus corone cornix,
Raven Corvus corax, Red Fox Vulpes vulpes, Rac-

coon Dog Nyctereutes procyonoides and Ameri-
can Mink Mustela vison.

To reduce the impact of spatial and temporal
variation, the experiment was designed as a spa-
tially paired comparison of meadow and mire sites
in a particular year. The a priori criteria for site se-
lection were (1) they should support at least 10
pairs of breeding waders in meadows; (2) the oc-
currence of typical meadow breeders (Lapwing,
Redshank, Black-tailed Godwit) in mires; and (3)
up to a 30-km distance between the treatments of
the same site pair. Data on breeding waders were
obtained mostly from national bird-monitoring
and conservation inventories (notably Leibak &
Lutsar 1996, Lõhmus et al. 2001). From the 19
pairs of sites meeting the criteria, eight pairs were
selected to represent a range of geographical loca-
tions and the characteristic mire types in western
Estonia (Fig. 1). Meadows and mires were on av-
erage 15.9 (± 7.9 SD) km apart in these site pairs.

At each site, ten artificial nests, each contain-
ing four domestic Japanese Quail Coturnix c. ja-

ponica eggs, were placed at least 100 m apart. The
nests were relatively well exposed, resembling
Lapwing nests in this respect; their concealment
depended on the vegetation and field-layer struc-
ture at each site, but kept as similar as possible be-
tween site pairs. The nests were surveyed at 5–
7-day intervals over 21 days. The absence or de-
struction of any eggs was considered a clutch fail-
ure. Two site pairs were studied between 22 May
and 17 June 2004, and six pairs between 15 May
and 15 June 2005. During the same periods, real
wader nests were sought from a distance using
telescope, but only five meadow sites produced
nest observations. Therefore, the survival compar-
ison of real and artificial nests was restricted to
meadows, and additional data were collected, us-
ing similar methods, between 12 May and 17 June
2006 at three previously studied meadow sites and
between 16 May and 6 June 2007 at one new site.

Daily survival probability (Mayfield 1961)
was calculated for artificial and, if found, natural
wader nests at each site. Differences in survival
rates of artificial nests at meadow and mire sites
were examined using paired t-test; power analysis
for this comparison was done using PS software
(Dupont & Plummer 1997). Covariance between
the survival probabilities of artificial and natural
nests was compared using Pearson correlation; the
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sample unit was one meadow in a particular year.
For this general comparison, the natural nests of all
wader species were pooled, as their rather similar
location and structure was such that large local be-
tween-species differences in predation rates were
unlikely.

3. Results

Predation was the only cause of the 50 failures of
artificial nests at the mire sites and the main cause
at the meadow sites (48 of 56 nests; the rest were
trampled by livestock). The predators remained
mostly unidentified but, according to the tracks at
25 depredated nests, 17 of these could be attributed
to mammalian and eight to avian predators. No ev-
idence for adult wader mortality was found at the
sites.

The average daily survival rates of artificial
nests did not differ between meadows (90.7 ±
2.9% SE) and mires (92.0 ± 2.4% SE; paired t-test:
t
7

= 0.4; P = 0.70). Among eight pairs of sites, the
estimated survival rates were higher at mires in
four cases and at meadows in three cases (once
they were within 1%; Fig. 1). Statistical confirma-
tion for such a small difference between the habitat
types (sample mean 1.4 ± 9.6% SD) at 80% prob-
ability and � = 0.05 would have required on aver-
age 389 pairs of sites.

In total, 39 natural wader nests were found and
observed at six meadow sites. Chicks from nine
nests hatched, 25 nests were depredated and one
was abandoned, and the fate of four nests re-
mained unknown. The daily survival rate of natu-
ral nests for all sites, species and years altogether
was 91.3%. A correlation analysis indicated that
the site- and year-specific variability in the sur-
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Fig. 1. Locations of
the study sites in
western Estonia, and
the recorded daily
survival rates (%) of
artificial nests there.



vival rates of artificial nests reliably followed that
of the real ones (Fig. 2).

4. Discussion

Contrary to our expectations, we found no evi-
dence for elevated nest-predation rate in coastal
meadows relative to that in mires. We do not be-
lieve that this result would be a Type II error for
three reasons. First, the power analysis indicated
that a huge sample would be necessary to demon-
strate a habitat difference, while there is only a lim-
ited number of large coastal meadows and mires
suitable for waders around the Baltic. In fact, the
study included more than 40% of all such mea-
dowmire pairs in western Estonia. Second, the ex-
periment followed all the principal requirements
for reliable artificial nest experiments (Major &
Kendal 1996). Indeed, the comparison with the
survival of natural nests, albeit based on limited
data, supported the assumption that artificial nests
would reflect the fate of true wader nests. Third,
the numerical estimates of the survival rates of
both artificial and real nests in Estonia were simi-
lar to those recently reported for Swedish waders
(Ottvall 2005) or only slightly lower than for Tem-
minck’s Stint Calidris temminckii at the coasts of

Bothnian Bay (Rönkä et al. 2006), suggesting that
our results were representative both in time and
space.

Theoretically, the quality of coastal meadows
and mires for waders may have differed in aspects
not studied, but we doubt that the nutrient-poor
mires would provide more food, or that they would
be superior in terms of fledging success, as they
were not superior for clutch survival. The nearly
equal nest predation in the two habitat types can be
explained without rejecting the key role of nest
predation in wader declines. Apparently predator
impact has been lower in the meadows in the past
(see Introduction). This safety advantage may
have been lost by now and, as a consequence, the
breeders are re-settling according to the current
habitat quality (e.g., Newton 1998). A major
mechanism causing this process may be adult dis-
persal triggered by individual failure experiences
(Jackson 1994). This hypothesis could be verified
by comparing failure rates among historical and
current nest records. Rönkä et al. (2006) demon-
strated such an increase in Finland. However, a
risk of nest predation per se, with no additional im-
pact on clutch success, may also reduce the popu-
lation size via individual habitat selection (Wal-
lander et al. 2006).

Our results imply that the temporally increas-
ing mire populations of waders are hardly self-sus-
taining given the nest predation rates equal to those
on coastal meadows where the waders decline.
This pattern corresponds to the view that the natu-
ral mire habitats (notably fens) of waders had de-
graded already centuries ago by drainage, which in
fact accelerated the shift of open-land species to
man-made grasslands (Kumari 1958). Moreover,
nest predation may have increased in mires, as the
generalist predators – corvids and medium-sized
carnivores – have increased all over Estonia (Elts
et al. 2003, Randveer 2004). Therefore, attempts
to restore coastal meadows are probably crucial
for the Baltic populations of several wader species,
although it is not clear whether the simple recre-
ation of short-grass areas (Rannap et al. 2004)
would be sufficient to ensure populations are sus-
tained. Also, the recommended focus on restoring
larger meadows first (Rannap et al. 2007) seems to
be a reasonable precautionary strategy for waders,
as nest predation may be more frequent in smaller
patches (Burger et al. 1994, Sovada et al. 2000,
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Fig. 2. Relationship between the daily survival
probability of real wader nests (all species pooled)
and artificial nests in six meadow sites (of which
three were observed over two seasons).



Seymour et al. 2004). However, the necessity for
local predator control cannot be determined before
future studies have demonstrated that the remark-
able spatial variation in nest survival (see Berg et

al. 1992, Kauhala 2004 and the present study) is
related to predator abundance in the coastal mead-
ows (Bolton et al. 2007). In general, management
of meadows to support waders may be a more via-
ble strategy than direct predator control to reduce
the predation pressure on waders (Schneider 2001,
Evans 2004).
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Tekopesäkoe viittaa kahlaajien pesimä-

menestyksen samankaltaisuuteen

rannikon niityillä ja soilla

Viron rannikkoniityille tyypillisen, monimuotoi-
sen ja runsaan kahlaajalajiston on havaittu heiken-
tyneen maanviljelykulttuurin lakkaamisen myötä.
Samaan aikaan tämä lajisto on alkanut asuttaa sisä-
maan suoalueita. Tutkimme työssämme mahdolli-
suutta, että tämän elinympäristön aiheuttaisi ran-
nikkoniittyjen kasvanut saalistuspaine. Emme
kuitenkaan havainneet rannikkoniityille ja suoalu-
eille sijoitettujen tekopesien välillä eroja päivittäi-
sen pesiin kohdistuvassa saalistuksessa. Todellis-
ten kahlaajapesien seurantakin viittasi samaan.
Uskomme niittyjen menettäneen aiemman etunsa
turvallisena pesimäympäristönä, ja kahlaajat valit-
sevat pesimäpaikkansa ympäristön laadun mu-
kaan. Koska kahlaajalajisto kuitenkin on yleisesti
heikentynyt, suot eivät yksinään kyenne säilyttä-
mään pesimälajistoa. Tästä syystä rannikkoniitty-
jen kunnostus on tärkeää useille Itämeren kahlaa-
jalajeille.

References

Berg, 1994: Maintenance of populations and causes of po-
pulation changes of Curlews Numenius arquata bree-
ding on farmland. — Biological Conservation 67:
233–238.

Berg, Å., Nilson, S.G. & Boström, U. 1992: Predation on
artificial wader nests on large and small bogs along a
south-north gradient. — Ornis Scandinavica 23: 13–
16.

BirdLife International 2004: Birds in Europe: Population
Estimates, Trends and Conservation Status. Birdlife
Conservation Series no. 12. — Birdlife International,
Cambridge.

Bolton, M., Tyler, G., Smith, K. & Bamford, R. 2007: The
impact of predator control on lapwing Vanellus vanel-

lus breeding success on wet grassland nature reserves.
— Journal of Applied Ecology 44: 534–544.

Burger, L.D., Burger, L.W. & Faaborg, J. 1994: Effects of
prairie fragmentation on predation on artificial nests.
— Journal of Wildlife Management 58: 249–254.

Dupont, W.D. & Plummer, W.D. 1997: PS power and
sample size program available for free on the Internet.
— Controlled Clinical Trials 18: 274.

Edula, E. 1998: Population changes in passerines in the
surroundings of Viljandi in 1956–1995. — Hirundo
11: 5–23. (In Estonian with English summary)

Elts, J., Kuresoo, A., Leibak, E., Leito, A., Lilleleht, V.,
Luigujõe, L., Lõhmus, A., Mägi, E. & Ots, M. 2003:
Status and numbers of Estonian birds, 1998–2002. —
Hirundo 16: 58–83. (In Estonian with English summa-
ry)

Evans, K.L. 2004: The potential for interactions between
predation and habitat change to cause population
declines of farmland birds. — Ibis 146: 1–13.

Grant, M.C., Orsman, C., Easton, J., Lodge, C., Smith, M.,
Thompson, G., Rodwell, S. & Moore, N. 1999: Bree-
ding success and causes of breeding failure of Curlew
Numenius arquata in Northern Ireland. — Journal of
Applied Ecology 36: 59–74.

Jackson, D.B. 1994: Breeding dispersal and site-fidelity in
three monogamous wader species in the Western Isles,
U.K. — Ibis 136: 463–473.

Jackson, D.B. & Green, R.E. 2000: The importance of the
introduced hedgehog (Erinaceus europaeus) as a pre-
dator of the eggs of waders (Charadrii) on machair in
South Uist, Scotland. — Biological Conservation 93:
333–348.

Jönsson, P.E. 1991: Reproduction and survival in a decli-
ning population of the Southern Dunlin Calidris alpi-

na schinzii. — Wader Study Group Bulletin 61: 56–
68.

Kauhala, K. 2004: Removal of medium-sized predators
and the breeding success of ducks in Finland. — Folia
Zoologica 53: 367–378.

Koivula, K. & Rönkä, A. 1998: Habitat deterioration and
efficiency of antipredator strategy in a meadow-bree-
ding wader, Temminck’s Stint (Calidris temminckii).
— Oecologia 116: 348–355.

Kumari, E. 1958: Basic features of the latest trends in the
distribution of the bird fauna of the East Baltic area. —
Ornitoloogiline kogumik 1: 7–20. Tartu. (In Estonian
with English summary)

Kumari, E. 1972: Changes in the bird fauna of Estonian

70 ORNIS FENNICA Vol. 85, 2008



peat bogs during the last decades. — Aquilo, Serie
Zoologica 13: 45–47.

Kuresoo, A. & Mägi, E. 2004: Changes of bird communiti-
es in relation to management of coastal meadows in
Estonia. — In Coastal Meadow Management: Best
Practice Guidelines (ed. Rannap, R., Briggs, L., Lot-
man, K., Lepik, I., & Rannap, V.): 52–59. Prisma
Print, Tallinn.

Leibak, E., Lilleleht, V. & Veromann, H. (ed.) 1994: Birds
of Estonia. Status, Distribution and Numbers. — Esto-
nian Academy Publishers, Tallinn.

Leibak, E. & Lutsar, L. (ed.) 1996: Estonian Coastal and
Floodplain Meadows. — Kirjameeste Kirjastus, Tal-
linn.

Lilleleht, V. 1998: Estonian bird fauna, diversity and
changes in different habitats. — In Eesti looduse mit-
mekesisus ja selle kaitse (ed. Lilleleht, V.): 87–102.
Eesti Teaduste Akadeemia Kirjastus, Tartu – Tallinn.
(In Estonian with English summary)

Lõhmus, A., Kalamees, A., Kuus, A., Kuresoo, A., Leito,
A., Leivits, A., Luigujõe, L., Ojaste, I. & Volke, V.
2001: Bird species of conservation concern in the Es-
tonian protected areas and Important Bird Areas. —
Hirundo Supplementum 4: 37–167.

Major, R.E. & Kendal, C.E. 1996: The contribution of arti-
ficial nest experiments to understanding avian repro-
ductive success: a review of methods and conclusions.
— Ibis 138: 298–307.

Mayfield, H.F. 1961: Nesting success calculated from ex-
posure. — Wilson Bulletin 73: 255–261.

Newton, I. 1998: Population Limitation in Birds. — Aca-
demic Press, London.

Ottvall, R. 2005: Nest survival among waders breeding on
coastal meadows: the relative importance of predation
and trampling damages by livestock. — Ornis Svecica
15: 89–96. (In Swedish with English summary)

Randveer, T. (ed.) 2004: Jahiraamat. — Eesti Entsüklo-
9peediakirjastus, Tallinn. (In Estonian)

Rannap, R., Briggs, L., Lotman, K., Lepik, I. & Rannap, V.
(ed.) 2004: Coastal Meadow Management: Best Prac-
tice Guidelines. — Prisma Print, Tallinn.

Rannap, R., Lõhmus, A. & Jakobson, K. 2007: Consequ-
ences of coastal meadow degradation: The case of the
Natterjack Toad (Bufo calamita) in Estonia. — Wet-
lands 27: 390–398.

Reynolds, J.C. & Tapper, S.C. 1996: Control of mammali-
an predators in game management and conservation.
— Mammal Review 26: 127–156.

Ricklefs, R.E. 1969: An analysis of nesting mortality in
birds. — Smithsonian Contributions to Zoology 9: 1–
48.

Rönkä, A. 1996: Distribution, status and population trends
in the Temminck Stint Calidris temminckii in the Fin-
nish Bothnian Bay. — Ornis Fennica 73: 1–11.

Rönkä, A., Koivula, K., Ojanen, M., Pakanen, V.-M., Po-
hjoismäki, M., Rannikko, K. & Rauhala, P. 2006: In-
creased nest predation in a declining and threatened
Temminck’s Stint Calidris temminckii population. —
Ibis 148: 55–65.

Schneider, M.F. 2001: Habitat loss, fragmentation and pre-
dator impact: spatial implications for prey conserva-
tion. — Journal of Applied Ecology 38: 720–735.

Seymour, A.S., Harris, S. & White, P.C.L. 2004: Potential
effects of reserve size on incidental nest predation by
red foxes Vulpes vulpes. — Ecological Modelling 175:
101–114.

Sovada, M.A., Zicus, M.C., Greenwood, R.J., Rave, D.P.,
Newton, W.E., Woodward, R.O. & Beiser, J.A. 2000:
Relationships of habitat patch size to predator commu-
nity and survival of duck nests. — Journal of Wildlife
Management 64: 820–831.

Thorup, O. (ed.) 2006: Breeding waders in Europe 2000.
— International Wader Studies 14. International Wa-
der Study Group, UK.

Tuule, E. & Elts, J. 2003: Numbers and population dyna-
mics of the Magpie in the surroundings of Saue, 1963–
1998. — Hirundo 16: 84–90. (In Estonian with Eng-
lish summary)

Wallander, J., Isaksson, D. & Lenberg, T. 2006: Wader nest
distribution and predation in relation to man-made
structures on coastal pastures. — Biological Conser-
vation 132: 343–350.

Pehlak & Lõhmus: Nest predation in coastal meadows and mires 71


