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PREDATION SURVIVAL OF GROUND NESTING BIRDS IN GRASS
AND WHEAT FIELDS: EXPERIMENT WITH PLASTICINE EGGS
AND ARTIFICIAL NESTS

ABSTRACT: There are no agricultural ac-
tivities in Hungarian energy grass plantations
(Elymus elongatus (Host) Runemark before har-
vesting in August, so the breeding success of the
ground-nesting Common pheasant (Phasianus
colchicus L.) and Common quail (Coturnix cotur-
nix (L.)) is probably higher than in the neigh-
bouring intensively managed grain fields. The
dominant nest predators of these bird species (e.g.
Red fox Vulpes vulpes L.) prey mostly on small
mammals, thus the abundance of small mammals
can influence the survival rates of ground-nesting
birds. These assumptions were tested using arti-
ficial ground-nests and small mammal live traps
in late May 2005. Of the nests, 25 were placed in
the energy grass field which covered 60 ha and
another 25 in the wheat field which area was 20
ha. Each of the nests contained one chicken egg,
one quail egg and one plasticine dummy-egg.
Real eggs were placed for the evaluation of nest
predation rates and artificial plasticine eggs for
predator identification from tooth and bill im-
prints. Following the placement of artificial nests,
they were checked repeatedly between 16.00 and
18.00 every day. In both plots, 25 traps were set
up, baited for 4 nights with quail egg and for an-
other 4 nights with plasticine egg. Artificial nests
lasted for 3 days in the wheat field and for 4 days
in the energy grass field. The major predators in
wheat were birds (16%) and mammals (84%),
whereas in energy grass all predation (100%) was
caused by mammals. There was no significant

difference between types of predators in the two
habitats. On-spot observations, traces and marks
left on plasticine eggs, several droppings and the
patterns of nest predation all suggested that the
majority of nests were destroyed by Red fox. A
significantly higher proportion of plasticine eggs
were damaged in wheat (80%) than in energy
grass (48%). Based on marks left on plasticine
eggs, small mammal abundance was higher in
wheat (80%) than in energy grass (33%), the lat-
ter habitat not yielding any small mammal cap-
tures at all. Traps in the wheat field caught signifi-
cantly more small mammals with plasticine eggs
(14) than with quail eggs (5). Plasticine eggs had
greater attraction effect on small mammals, thus
could negatively influence experiments with arti-
ficial ground nests.

KEY WORDS: Phasianus colchicus, Cotur-
nix coturnix, nesting success, small mammals, tall
wheatgrass, Hungary

1. INTRODUCTION

The development and use of biomass
resources for bioenergy has become critical
priority in Europe. Energy grass fields change
the character of agricultural lands (Kalman
et al. 2006). Little is known about the biodi-
versity of energy grass fields (Semere and
Slater 2004, 2007, Sage et al. 2006), and
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their predation relations have not been stud-
ied either. Until the harvest in autumn, no
activities are performed in Hungarian en-
ergy grass fields, therefore the breeding suc-
cess of ground-nesting birds in these plots is
probably higher than in the neighbouring,
intensively managed agricultural lands. The
nesting success of ground nesting birds may
vary strongly from year to year depending
on the cycle phase of small mammals, the
main prey of dominant predators (Sdlek
et al. 2004). Artificial nests are useful, non-
destructive tool for testing ecological and
behavioural mechanisms that influence
predation risk in nesting birds (Major and
Kendal 1996, Bayne and Hobson 1999,
Batary and Baldi 2005). Several investi-
gators have used artificial nests containing
either natural eggs (e.g. from Zebra finches,
House sparrows, quails, hens etc.) or syn-
thetic eggs usually made with clay or plas-
teline, wax or paraffin-filled eggs (Major
and Kendal 1996, Svagelj et al. 2003). Egg
type is one factor that is likely to influence
to results from artificial nest experiments
(Lindell 2000).

Nests containing plasticine eggs are usu-
ally sooner discovered by small mammals
than those having only real eggs in them (e.g.
Rangen et al. 2000, Maier and DeGraaf
2001). Major (1991) and also Bayne and
Hobson (1999), however, claim that plas-
ticine eggs do not attract predators better
than real eggs. Our own earlier experience
suggests that predation on real and plasticine
eggs is more or less similar in nests located
in shrubs (Purger et al. 2004a), whereas in
ground nests of open areas a lot more plas-
ticine eggs were damaged (Purger et al
2004Db).

The aim of our studies has been to find
answers, by using artificial ground nests and
small mammal live-traps, to the following
questions: 1) What are the survival chances
of larger-bodied birds in nests located in en-
ergy grass and wheat, respectively? 2) Can we
infer to the abundance of small mammals,
based on marks preserved on plasticine eggs
in the nests? 3) Which of them, plasticine
eggs or true quail eggs have higher attraction
to predators when used in small mammal
live traps?
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2. STUDY AREA AND METHODS

The Hungarian cultivar ,,Szarvas-1” of
the energy grass or Tall wheatgrass (Elymus
elongates (Host) Runemark), as a renew-
able energy resource has been produced
since 2003 on 993 hectares (on 19 sites) in
the South-Transdanubian region (Baranya
county, Hungary). The energy grass plot
bordered by agricultural lands, is located
15 km south of the city of Pécs. Common
pheasant (Phasianus colchicus L.) and Com-
mon quail (Coturnix coturnix (L.) are typi-
cal nesting birds in the neighbouring areas.
During walking surveys in 2004, a pheasant
and a quail nests were found, with remains of
egg shells. During May and June, the call of
quails was continuously heard in the morn-
ing hours in several parts of the energy grass
plot, and pheasants also often called. Among
their potential predators, we noted the fre-
quent presence of Western marsh-harrier
(Circus aeruginosus (L.)) and Red fox (Vulpes
vulpes L.).

On 30" May 2005, 25 artificial ground
nests were located in the energy grass field
which covered 60 ha, and another 25 in the
adjacent wheat (Triticum aestivum L.) field
which area was 20 ha. The height of vegeta-
tion was measured at the location of each of
the nests. Energy grass was (105.96 cm *
15.72, average + S.D.), significantly higher
(t = 8.57, df = 48, P <0.0001) than wheat
(76.96 cm * 6.23). Nests were distributed
along a linear transect at 20 m intervals and
they were positioned 2-10 m from the tran-
sect line (Bayne et al. 1997). The two tran-
sects were 300 metres apart. Ground nests
were formed by creating a depression in the
soil using our heel (Marini et al. 1995, Fen-
ske-Crawford and Niemi 1997). One
chicken egg (52 x 39 mm), one quail egg
(33 x 26 mm) and one natural coloured plas-
ticine egg (size of a quail egg) was placed in
each of the nests. The nests contained real
eggs for the evaluation of nest predation
rates, and artificial plasticine eggs for preda-
tor identification from tooth and bill imprints
(Niehaus et al. 2003). The simultaneous
use of quail and plasticine eggs is not usual
in nest predation studies (Batary and Baldi
2004). It seemed likely that small mammals
discovering the plasticine eggs can even open
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or roll away quail or pheasant eggs. To test
this we decided to use two different sized real
eggs. Following the placement of artificial
nests, they were checked repeatedly between
16.00 and 18.00 every day.

At the same time the nest predation ex-
periments proceeded, small mammal live
traps were set up in both plots. The numbers
and arrangement of these traps were identi-
cal with those of the artificial ground nests
(25-25), but these transects were located
about 50 m further away from the nests. For
four nights (30 May-3 June) the traps con-
tained quail eggs, and for four other nights
(3 June-7 June) plasticine eggs were used as
bait. Traps were activated from 17.00 to 18.00
each day, then checked and closed from 6.00
to 7.00 each morning. Traps that had caught
any small mammal by the morning were
taken away from the plot for cleaning, then
they were placed back in the afternoon after
thorough washing and drying, and were then
re-activated. New, plastic box traps were used
for the studies.

In the statistical analysis t-test and chi-
quadrate test with Yates correction for conti-
nuity was applied (Zar 1999). Survival rates
of plasticine eggs were calculated with the
Mayfield (1975) method and compared
using the test proposed by Johnson (1979).
A minimum probability level of P <0.05 was
accepted for all the statistics and all P values
are two-tailed.

3. RESULTS AND DISCUSSION

During the four days the predators dis-
covered and destroyed all of the artificial
nests in both habitats (Fig. 1). On both the
tirst and the second day after the nests were
positioned, two nests were discovered and
destroyed in the wheat field by birds (n = 4,
16%), as shown by missing or broken real
eggs and beak marks on plasticine eggs.
Based on these marks, however, it was not
possible to identify the bird predator. One
or two individuals of Western marsh-harrier
were seen flying low above both study areas
almost continuously. It is well known that
this species is frequently found eating eggs
of larger ground-nesting birds across Europe
(Cramp andSimmons 1979, Opermanis
2001). Mammals, mostly foxes, destroyed

the rest of 21 nests (84%) in the wheat field,
and all 25 nests (100%) of those in the en-
ergy grass field. There were no significant
difference between type of predators in the
two habitats (Chi-squares with Yates correc-
tion = 2.45 df = 1, P> 0.05). This was sup-
ported by a number of droppings found in
situ, as well as observations and tooth marks
found on the plasticine eggs. The pattern of
nest destruction suggested that predators ar-
rived from the forest and proceeded along
the transect (1-25), destroying the nests in
succession. Mammalian predators have been
known to concentrate search in nesting habi-
tats in response to high nest densities or high
alternative prey densities (Lariviére and
Messier 1998). Red foxes are generalist
predators that tend to subsist opportunisti-
cally on many prey groups (Jedrzejewski
and Jedrzejewska 1992, Dell’Arte et al.
2007). In the wheat field, 11 nests were de-
stroyed by the fox on the second day after
nest placement, and continued with the re-
maining 10 on the third day (Fig. 1).

In the energy grass field, nest destruction
went on in a systematic order, on the second
(6), third (13) and fourth (12) days after nest
placement (Fig. 1). During nest predation
studies, it can happen that the predator be-
comes “addicted” to destroying the clutches,
thus negatively influencing the results of the
experiment (Baldi 1999), as it was the situ-
ation in our case. If the study area is large
enough, this error factor can be reduced by
increasing the distance between artificial
nests (Baldi 1999). Nests in larger patches
will have a much greater chance of surviving
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Fig. 1. Predation rate (%) on artificial nests
mounted in wheat (n = 25, white bars) and in
energy grass (n = 25, black bars). The numbers
above the bars indicate the numbers of predated
nests.
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Fig. 2. Proportion of plasticine eggs removed
(disappeared) or marked by different predators in
two habitats (white bars — removed (disappeared)
from the nest, black bars - marked by avian
predator, grey bars — marked by large mammal
predators (e.g. Red fox), hatched bars - marked
by small mammals).

predation than nests in smaller patches for
realistic foraging effort, assuming that the
search time is equal in all patches (Seymour
et al. 2004).

Comparing the wheat field and the ener-
gy grass field, the proportions of damaged or
missing (80% vs. 48%) and intact plasticine
eggs (20% vs. 52%) were significantly dif-
ferent (Chi-squares with Yates correction =
4.25df =1, P <0.05). As inferred from marks
left on plasticine eggs, small mammal abun-
dance (Fig. 2) was higher in the wheat field
(80%) than in the energy grass field (33%)
where small mammal trapping did not yield
any captures at all. After the nest predation
experiment, between June and October, a
capture-recapture survey was done in this
energy grass field and neighbouring plots
(Horvath 2006, Kalman et al. 2006). Be-
ing the dominant species there, the Com-
mon vole (Microtus arvalis (Pallas)) showed
similar habitat use in energy grass and neigh-
bouring wheat field in the summer months
(Horvdath 2006) which seems to contradict
our results. This may be caused by differenc-
es in the seasonal dynamics and reproductive
biology of small mammals.

Traps located in the wheat field caught
significantly more small mammals when
baited with plasticine eggs (14) than with
quail eggs (5) (Chi-squares with Yates cor-
rection = 4.26 df = 1, P <0.05). Quail eggs
attracted only 3 Common voles and 2 Wood
mice (Apodemus sylvaticus (L.)) to the traps,
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and all eggs remained intact. Size and shell-
thickness of eggs used in artificial nest stud-
ies can affect predation frequency, as well as
the predator species detected (Maier and
DeGraaf 2000.). Small mammals can cause
damage to ground nesting smaller-bodied
birds mostly, since they can manage breaking
their eggs (Maxson and Oring 1978). They
are unable, however, to break the eggs of larg-
er birds, but their presence can still call the at-
tention of other large predators to the nests.

Baited with plasticine eggs, traps cap-
tured 11 Common voles, 1 Wood mouse,
1 Yellow-necked mouse (Apodemus flavicollis
(Melchior)) and 1 Steppe mouse (Mus spicile-
gus Petényi). There was no significant differ-
ence (z = 0.957, P = 0.339) in the daily sur-
vival rates of plasticine eggs in ground nests
(83%, 95% confidence limits: 77-90) and in
traps (88%, c.l. 82-94). The results suggest
that there are more small mammals in the
wheat field and that plasticine eggs are more
attractive to them than real eggs. It appears
that artificial ground nests — provided that
they contain plasticine egg too — are more
subject to damage caused by predators. The
higher predation of nests with plasticine eggs
may have resulted because small mammals,
relying on olfactory cues, comprised a large
portion of the predator assemblage (Ran-
gen et al. 2000). Where small mammals are
more abundant, it is more likely that their
predators will also discover the nests (Ack-
erman 2002, Salek et al. 2004). Partially or
completely destroyed nests may attract scav-
engers and secondary predators (Lariviere
1999). Lanszki et al. (1999) have found
that from autumn to spring small mammals
dominated in the diet of Red fox (38-49%),
and the most important prey was Common
vole. Just like with small mammals, plasticine
eggs can attract larger predators too, e.g. Red
fox, Pine marten (Martes martes (L.)), Wild
boar (Sus scrofa L.) etc. The urine, droppings
and scent marks of small mammals discover-
ing plasticine eggs can assist larger predators
in discovering ground nests.

4. CONCLUSIONS

The impact of large regional energy crop
development on birds is not known (Sage
et al. 2006). It is possible that such fields
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provide more favourable conditions for a
number of species than intensively managed
agricultural areas. The species richness of en-
ergy grass plots should be surveyed as soon
as possible, and the monitoring of their bio-
diversity launched. Important information
could be revealed by measuring ground nest
densities, investigating and comparing the
actual nesting success of birds with nests in
other intensively managed fields. The appli-
cation of plasticine eggs in artificial ground
nests should be reconsidered and its method
improved, because the results suggest that
minor differences in the methodology (e.g.
size of eggs applied, the use of plasticine) can
significantly influence the results of nest pre-
dation studies (e.g.: Bayne et al. 1997, Lin-
dell 2000).

ACKNOWLEDGEMENTS: We would like
to thank Péter Batary, Andras Baldi and anony-
mous reviewer for useful comments on the man-
uscript, Konrad Halupka for using of the “J-test”
software and Baldzs Trdcsanyi for translation.
Our research was supported by Bély Inc. and by
the 1.5 subprogram of the NKFP 3A/061/2004
R+D scheme.

5. REFERENCES

Ackerman J.T. 2002 - Of mice and mallards:
positive indirect effects of coexisting prey on
waterfowl nest success — Oikos, 99: 469-480.

Baldi A. 1999 - Spatial variations of nest preda-
tion rate in the Kis-Balaton reservoir — Ter-
mészetvédelmi Kozlemények, 8: 81-88. (in
Hungarian with English summary)

Batdary P., Baldi A. 2004 - Evidence of an
Edge Effect on Avian Nest Success — Conserv.
Biol. 18: 389-400.

Batary P., Baldi A. 2005 - Factors affecting
the survival of real and artificial Great Reed
Warbler’s nests — Biologia, 60: 215-219.

Bayne E.M., Hobson K.A. 1999 - Do clay
eggs attract predators to artificial nests? - J.
Field Ornithol. 70: 1-7.

Bayne E.M., Hobson K.A., Fargey P. 1997
— Predation on artificial nests in relation to
forest type: contrasting the use of quail and
plasticine eggs — Ecography, 20: 233-239.

Cramp S., Simmons K.E.L. (eds) 1980 -
Handbook of the birds of Europe, the Middle
East and North Africa, Vol. 2. - Oxford Uni-
versity Press, Oxford.

Dell’Arte G.L., Laaksonen T., Norrdahl
K., Korpiméki E. 2007 — Variation in the
diet composition of a generalist predator, the
red fox, in relation to season and density of
main prey - Acta Oecol. 31: 276-281.

Fenske-Crawford T.J., Niemi G.J. 1997
- Predation of artificial ground nest at two
types of edges in a forest-dominated land-
scape — Condor, 99: 14-24.

Horvath Gy. 2006 - Population dynamics and
spatial distribution of small mammals in en-
ergy grass fields - 7th Congress of Hungarian
Ecologists, Budapest, Hungary, Book of Ab-
stracts, pp. 88. (in Hungarian)

Jedrzejewski W., Jedrzejewska B. 1992
- Foraging and diet of the red fox Vulpes
vulpes in relation to variable food resources
in Bialowieza National Park, Poland - Ecog-
raphy, 15: 212-220.

Johnson D.H. 1979 - Estimating nest suc-
cess: the Mayfield method and an alternative
- Auk, 96: 651-661.

Kalman Z., Soés N., Csete S., Pal R,,
Horvath Gy. 2006 - Tall wheatgrass field
as source habitat or ecological corridor? - 1st
European Congress of Conservation Biology,
Eger, Hungary, Book of Abstracts, pp. 519.

Lanszki J., Kérmendi S., Hancz C., Za-
lewski A. 1999 - Feeding habits and trophic
niche overlap in a Carnivora community of
Hungary - Acta theriol. 44: 429-442.

Lariviére S. 1999 - Reasons why predators
cannot be inferred from nest remains — Con-
dor, 101: 718-721.

Lariviere S., Messier F. 1998 — Effect of den-
sity and nearest neighbours on simulated wa-
terfowl nests, can predators recognise high-
density nesting patches? — Oikos, 83: 12-20.

Lindell C. 2000 - Egg type influences preda-
tion rates in artificial nest experiment - J.
Field Ornithol. 71: 16-21.

Maier T.J., DeGraaf R.M. 2000 - Predation
on Japanese Quail vs. House Sparrow eggs in
artificial nests: small eggs reveal small preda-
tors — Condor, 102: 325-332.

Maier T.J., DeGraaf R.M. 2001 - Differenc-
es in depredation by small predators limit the
use of plasticine and zebra finch eggs in artifi-
cial-nests studies — Condor, 103: 180-183.

Major R.E. 1991 - Identification of nest preda-
tors by photography, dummy eggs, and adhe-
sive tape — Auk, 108: 190-195.

Major R.E., Kendal C.E. 1996 - The con-
tribution of artificial nest experiments to un-
derstanding avian reproductive success: a re-
view of methods and conclusions - Ibis, 138:
298-307.

2008-09-23 10:55:48



486 Jend J. Purger et al.

Marini M.A., Robinson S.K., Heske E..
1995 - Edge effects on nest predation in the
Shawnee national forest, southern Illinois
- Biol. Conserv. 74: 203-213.

Maxson S.J., Oring L.W. 1978 - Mice as
Source of Egg Loss Among Ground-nesting
Birds - Auk, 95: 582-584.

Mayfield H.F. 1975 - Suggestions for calculat-
ing nest success — Wilson Bull. 87: 456-466.

Niehaus A.C., Heard S.B., Hendrix S.D.,
Hillis S.L. 2003 - Measuring Edge Effects
on Nest Predation in Forest Fragments: Do
Finch and Quail Eggs Tell Different Stories?
- Am. Midl. Nat. 149: 335-343.

Opermanis O. 2001 - Marsh Harrier Cir-
cus aeruginosus predation on artificial duck
nests: a field experiment - Ornis Fenn. 78:
198-203.

Purger ].J., Mészdros L.A., Purger D.
2004a - Predation on artificial nests in post-
mining recultivated area and forest edge: con-
trasting the use of plasticine and quail eggs
- Ecol. Eng. 22: 209-212.

Purger J.J., Mészdros L.A., Purger D.
2004b - Ground nesting in recultivated forest
habitats — a study with artificial nests — Acta
Ornithol. 39: 140-145.

Rangen S.A., Clark R.G., Hobson K. A.
2000 - Visual and olfactory attributes of arti-
ficial nests — Auk, 117: 136-146.

Sage R., Cunningham M., Boatman N.
2006 - Bird in willow short-rotation coppice
compared to other arable crops in central
England and a review of bird census data from
energy crops in the UK - Ibis, 148: 184-197.

Salek M., Svobodové J., Bej¢ek V., Albre-
cht T. 2004 - Predation on artificial nests in
relation to the numbers of small mammals in
the Kru$né hry Mts, the Czech Republic - Fo-
lia Zool. 53: 312-318.

Semere T., Slater F. 2004 - The effects of
energy grass plantations on biodiversity — 2™
Annual Report. B/CR/00782/00/00 URN 04/
823. Cardiff University.

Semere T., Slater F. 2007 - Ground flora,
small mammal and bird species diversity in
miscanthus (Miscanthus x giganteus) and reed
canary-grass (Phalaris arundinacea) fields
- Biomass & Bioenergy, 31: 20-29.

Seymour A.S., Harris S., White P.C.L.
2004 - Potential effects of reserve size on in-
cidental nest predation by red foxes Vulpes
vulpes — Ecol. Modell. 175: 101-114.

Svagelj W.S., Mermoz M.E., Fernandez
G.J. 2003 - Effect of egg type on the estima-
tion of nest predation in passerines - J. Field
Ornithol. 74: 243-249.

Zar J.H. 1999 - Biostatistical analysis. 4", Pren-
tice Hall, London.

Received after revising January 2008

journal 15.indb 486

2008-09-23 10:55:48





