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A b s t r a c t . We studied the possible role of clutch crypsis in antipredator behaviour in two 
related species of ground-nesting waders with camouflaged eggs, the northern lapwing (Vanellus 
vanellus) and the little ringed plover (Charadrius dubius). We examined whether this behaviour 
appears regularly in both species and tested the difference in the use of this trait between the two 
species. The results suggest that both charadriids rely on egg crypsis as a  reasonable strategy 
toward avian nest predators. However, the larger and more conspicuous lapwings use it less 
frequently than plovers, probably because they rather rely on body size and aggressiveness 
combined with colonial breeding. Smaller and solitary little ringed plovers tended to hide the 
nest location more thoroughly than lapwings, probably due to their limited ability to defend 
the nest actively. Instead of aggressive attacks, they use alternative behavioural elements 
intended to deceive predators, namely incubation-feigning. Although egg crypsis is regularly 
used as a passive strategy for protecting nests against predators in both species, it seems to be 
unprofitable as an exclusive form of nest protection. The birds combine it with other behavioural 
elements, such as the above mentioned aggressiveness or incubation-feigning.
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Introduction

Waders, as typical ground-nesting birds inhabiting open landscapes, are exposed to high risk 
of nest predation (M a r t i n  1993, Y a n e s  & S u a r e z  1995, J i m e n e z  & C o n o v e r 
2001) and exhibit a variety of antipredator mechanisms using a range of morphological and 
behavioural traits. To avoid visual detection, many waders, like other birds camouflaged 
by plumage, crouch tight at the nest and rely on body crypsis combined with vegetation 
cover, if present (C r a m p  1990, H a s k e l l  1996, L l o y d  et al. 2000, A l b r e c h t  & 
K l v a n a  2004). Other behavioural mechanisms include an active search for a safer nest-
site (L a u r o  & N o l  1995, S o l i s  & D e l o p e  1995, W h i t t i n g h a m  et al. 2002, 
T h y e n  & E x o  2005) or attacks on predators entering the nesting territories (L a r s e n  & 
G r u n d e t j e r n  1997, S c h e k k e r m a n  et al. 1998), combined with colonial breeding 
(conspecific colonies or associations of several species), which helps to exclude predators 
more effectively from the breeding sites (E l l i o t  1985, C r a m p  1990, F i t z p a t r i c k 
& B o u c h e z  1998, H e g y i  & S a s v á r i  1998, K i s  et al. 2000). In general, larger, 
easily detectable and colonial waders tend to be more aggressive nest defenders than smaller, 
more camouflaged species that are solitary breeders (L a r s e n  et al. 1996).

Although the use of plumage crypsis and aggressive behaviour close to the nests has 
been well described in waders, less attention has been paid to antipredator behaviour 
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associated with egg crypsis. The pattern of egg coloration in some birds is considered as an 
adaptive attribute enhancing camouflage of the clutch against visually-oriented predators 
(H o c k e y  1982, W e s t m o r e l a n d  & K i l t i e  1996, B l a n c o  & B e r t e l l o t t i 
2002, S a n c h e z  et al. 2004), especially in ground-nesting birds (M o r e n o  & 
O s o r n o  2003). Since waders possess cryptically pigmented eggs as a rule (G l u t z  von 
B l o t z h e i m  et al. 1975, C r a m p  1990), it might be assumed that prudent leaving of 
the nest by a parent might be used at least in some less camouflaged species as an alternative 
to the use of plumage crypsis, i.e. the birds can decide to leave the nest and to rely on the 
crypsis of their clutch. Corresponding behaviour has been observed in the small and cryptic 
Temminck´s stint (Calidris temminckii) by K o i v u l a  & R ö n k ä  (1998). South American 
southern lapwing (Vanellus chilensis) also “regularly exhibit early surreptitious departure, 
quietly running from the nest in a  crouched position” (W a l t e r s  1990). However, these 
studies are based on responses of birds to disturbance by humans and thus do not allow 
a distinction between risk solely for the clutch and risk for the incubating adults themselves. 
It has yet to be quantified whether waders with camouflage rendered eggs nesting in open 
habitats with low vegetation cover (e.g. plovers) regularly use egg crypsis as a  protective 
strategy against visually oriented predators of nests. References suggesting the existence of 
this behavioural trait are episodic and lack quantitative outputs (C r a m p  1990). 

This study investigates the use of escape behaviour as a response to an approaching nest 
predator in two related ground-nesting species inhabiting open landscapes – the northern 
lapwing (Vanellus vanellus) and the little ringed plover (Charadrius dubius). These two 
species differ in size, coloration and breeding patterns. The northern lapwing (further 
referred to as ‘lapwing’) is a  large and conspicuous charadriid with dark iridescent purple-
green plumage of hindneck and upperparts. It inhabits a wide range of wetlands, such as 
fens, bogs and marshes, but also farmland substitutes typically with a  sparse mosaic of 
vegetation producing grey-brown or grey-green tints of the field surface. It may breed 
solitarily, but loose colonies are preferably established in suitable habitats. The little ringed 
plover (‘plover’) is a small wader with dull brown plumage covering most of the upper body 
parts (nape, back, coverts, tail). As a rule, solitary pairs breed and occupy bare or sparsely 
vegetated grounds with gravel, shingle or sandy flats on river banks and drained ponds. The 
nests of both species are shallow scrapes lined with a material from the surroundings, i.e. 
usually with dry plant stems (lapwing) and small shingles or grit (plover). Lapwing eggs 
are olive, brown or umber with black spots or streaks. Plover eggs have stone, buff or pale 
brown ground colour with small dark brown spots and streaks (G l u t z  von B l o t z h e i m 
et al. 1975, C r a m p  1990, H u d e c  & Š ť a s t n ý  2005).

The combination of nest lining and dull-pigmented four-egg clutches seem to provide an 
efficient masking pattern toward visually oriented predators in both species, at least in their 
commonly used breeding habitats. On the other hand, adults of the two species differ in size 
and conspicuousness, plovers being smaller and more camouflaged and thus less visible in 
the field than lapwings. The larger, colonially breeding lapwings are skilled defenders of 
their nests against predators (E l l i o t  1985, K i s  et al. 2000), though plovers may also use 
aggressive attacks against various intruders in the nest vicinity (C r a m p  1990).

If these open-nesting waders use egg crypsis as a  regular response to an approaching 
visually oriented nest predator, their behavioural repertoire should include the element of 
passively leaving the nest in the presence of such a predator. Therefore, we firstly examined 
whether this behaviour appears, as a rule, in both these plovers. Secondly, we tested whether 
the lapwing uses nest leaving in the presence of a predator more frequently than the plover 
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because of body conspicuousness or, conversely, less frequently as a  result of the use of 
alternative antipredator strategies such as colonial nesting and aggressiveness.

Study Area

The study was carried out in the České Budějovice (49°15’N, 14°05’E) and Třeboň (49°00’N, 
14°45’E) basins, South Bohemia, Czech Republic. Both are flat areas comprising mosaics 
of cultivated fields and meadows (ca 50 %) and woods (30 %), interspersed with wetlands  
(15 %), human settlements and roads (5 %). The fields are managed using rotation plans with 
winter wheat, spring and other cereals, rape, corn and clover being the primary crops. Most 
lapwings in this area breed in ploughed fields, spring cereals, meadows and winter wheat. 
Fishponds, the dominating type of wetlands, are used mainly for intensive carp production and 
every year some of them are drained in the spring and thus available to plovers for nesting. 

Material and Methods

F i e l d  o b s e r v a t i o n s

The behaviour of lapwings was investigated during 113 h of observations at 63 nests on  
13 breeding sites in the surroundings of Písek, České Budějovice basin, from late March till 
late May 1998–2002 and 2005. The nests were situated in colonies of various sizes and in 
different habitats (Table 1). Plovers were studied for a total of 54 h at 15 nests and 11 sites 
in the Třeboň basin, from late April till mid June in 2001–2003. Only solitary nests placed 
mostly on the bottoms of drained fishponds were found in this species. Moreover, three 
nests placed in a harvested peat bog, two nests in a sand pit and one nest in a flooded field 
adjacent to a river bed were included. The behaviour of incubating adults of both species and 
their responses to diurnal nest predators locating the nests by visual cues were monitored. 
Non-invasive direct observations from a  car or from hides at field edges but at reliable 
distances from the territories were used without affecting the birds, using a combination of 
20 x 60 binoculars and a 40 x 60 fixed telescope. In colonial lapwings (unlike in solitarily 
breeding plovers), it was usually possible to observe more than one nest at a time. Continuous 
observations ran for 1– hours (mean 75 min. for lapwings and 60 min. for plovers). 

We distinguished the following two main types of responses to an approaching predator: 
staying at the nest (continuing incubation) and leaving the nest (by flying or running away). 
If possible, we monitored also the behaviour following departure from the nest. This included 
either passive waiting in the territory, attacking the intruder or incubation-feigning. However, 
it was sometimes hard to make observations in lapwing colonies, because the birds were not 
individually marked. When flushed out by an approaching violator, all birds in a colony usually 

Table 1. Distribution of studied nests of the lapwing Vanellus vanellus in colonies of various size (two to nine nests 
within a breeding group) and in different habitat types (spring crops, ploughed fields, meadows and winter wheat).

Colony size (no. nests within a group) 2 3 4 5 6 7 8 9 Total
no. nests studied 2 7 7 12 4 16 8 7 63

Habitat type Spring crops Ploughed f. Meadows Winter w. Total
no. nests studied 21 8 24 10 63
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mixed up, while some of them expelled the predator and some remained on the ground. Thus, 
only a limited set of observations is available for analysing behaviour after leaving the nest.

It was difficult to explicitly define the distance to which the reaction of incubating 
parents should be recorded. Territory size and shape are flexible due to variability of the 
habitat structure and the individuality of breeding birds in both species. Moreover, the 
nesting territories are often not contiguous and their borders are vague (C r a m p  1990). 
There are also differences in responses to various types of predators and their locomotion, 
such as walking or flying (W h i t t a m  & L e o n a r d  2000). In general, warning calls 
and postures in both species may be recorded when the intruder appears 50–100 m away 
(E l l i o t  1985, C r a m p  1990, own observations). Thus, as a compromise, we defined this 
distance arbitrarily as a maximum of 100 m for both the lapwing and the plover. Potential 
predators appearing beyond this distance and those closer but concealed by vegetation 
(e.g. dense shrubs along fishpond edges) being out of view of incubating birds and thus 
undetected by them were not considered.

The possible sex effect on the reaction to predators (as shown in the lapwing by K i s  et 
al. 2000) was controlled for by maximising the total observation duration per nest and thus 
balancing the sample for both sexes (parents). The observations were made continuously, 
regardless of weather or time of the day (except reduced visibility during heavy rain, fog 
and dusk), between 06:30 a.m. and 06:30 p.m., as daily variation in the activity of predators 
on breeding grounds may influence the incubation patterns of the parents (S a s v a r i  & 
H e g y i  2000). However, there was no reason to expect daily variation in individual 
responses to the same predator, so the time of the day was not considered as a predictor in 
the analyses.

The stage of incubation may affect the flushing distances in ducks according to 
predictions of the parental investment theory (A l b r e c h t  & K l v a n a  2004). However, 
no effect of the incubation stage on frequency of attacks or on the time spent on attacks 
has been found in the lapwing (K i s  et al. 2000). There could be an important effect 
when comparing the incubation stage and the period of rearing the young (W h i t t a m 
& L e o n a r d  2000), but a  significant shift in perception of the same predator species 
within the incubation stage itself is unlikely (W a l t e r s  1990). As we tried to spread the 
observations over the whole incubation period of the studied nests, we did not consider this 
factor in further analyses. 

S t a t i s t i c a l  a n a l y s i s

The responses of parents of both wader species to predators were fitted using generalized 
linear models with a  logistic link function and binomial error term (GLMbinom). The effects 
of particular predator species (controlled for individual nests) were treated separately for the 
lapwing and plover data sets. To avoid pseudoreplications due to repeated observations at 
most nests (mean number of records = 7.4 per one nest in the lapwing and 4.3 in the plover), 
the records were summed for individual nests. These were analysed as independent units to 
examine the effects of colony size and habitat type in lapwings (no such data was available 
for plovers) and differences between behavioural responses of the two wader species toward 
the dominant predator, the carrion crow Corvus corone. Numbers of observations per nest 
were controlled for in these models. The χ2 statistics or F-test (if the overdispersion of residual 
deviance was > 1; C r a w l e y  2002) were computed using the S-Plus software package (S-
PLUS® 1999). We refer to significances based on Type III Sum of Squares.
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Results

During observations of lapwings, nine species of nest predators were recorded within their 
breeding territories, with the black-headed gull Larus ridibundus being the most common 
(43 % responses of lapwings). In plover breeding territories, the carrion crow was the 
commonest (50 % responses of plovers) out of five predator species present (Table 2).

In total, we recorded 435 responses (either leaving the nest or staying at the nest and 
incubating the eggs) to the approaching nest predators in lapwings and 26 in plovers. 
Lapwings usually remained incubating and less frequently left the nests (29.6 %), while 
plovers mostly left the nests (67.6 %).

The responses of lapwings were not affected by colony size (GLMbinom: F1,54 = 1.47, P = 
0.23) or habitat type (F1,54 = 1.82, P = 0.17) but varied significantly among predator species 
(F7,369 = 1.47, P < 0.0001; Fig. 1A), leaving the nest being a  frequent but not prevailing 
behaviour in the presence of most predator species. Similar statistical significances (and thus 
not presented in this study) were obtained when we reduced the data set to the four most 
frequent predators, i.e. black-headed gull, marsh harrier (Circus aeruginosus), carrion crow 
and black-billed magpie (Pica pica). 

The plovers responded differently to individual predator species (χ2 
3,25 = 15.8, P = 

0.0012). However, they left the nests more frequently than lapwings; nest departures 
dominated as a response to an approaching violator in two of four predator species (Fig. 1B).

As the behaviour of lapwings and plovers was strongly dependent on the particular predator 
species, we reduced the comparison between the two waders to their responses to the carrion crow. 
This species has been found to be the most common nest predator at plover breeding grounds 
(from which our total data set is limited) and, moreover, it provoked most departures from nests 
in both waders (Fig. 1). This predator also caused significantly fewer departures from nests in 
lapwings (44.3 %, n = 34 nests) than in plovers (87.5 %, n = 6 nests; F1,37 = 8.13, P = 0.007).

Leaving the nest involved either flying or running away. In both species, this reaction was 
followed by attacks against intruders less frequently than by passive waiting, i.e. most of the breaks 
in incubation forced by predators were not followed by aggression towards predators (Table 3). 
Although departures from the nest followed by a predator attack appeared more commonly in 
lapwings (28.1%) than in plovers (13.3%), the differences between the two species were not 

Table 2. Number of responses to nest predators observed in the breeding territories of lapwings Vanellus vanellus 
and plovers Charadrius dubius. Marsh harriers in plover territories were excluded from the analysis due to the 
potential predation risk for both nests and adults.

Species lapwing 
Vanellus vanellus

plover 
Charadrius dubius

black-headed gull Larus ridibundus 187 04
marsh harrier Circus aeruginosus 102 0-
carrion crow Corvus corone 079 15
black-billed magpie Pica pica 033 not observed
hen harrier Circus cyaneus 013 not observed
grey heron Ardea cinerea 010 04
European jay Garrulus glandarius 005 03
black stork Ciconia nigra 004 not observed
raven Corvus corax 002 not observed
Total 435 26
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significant (F1,37 = 1.32, P = 0.26). Instead of more frequent aggressive attacks, the plovers (but not 
lapwings) were repeatedly observed feigning incubation outside their real nest (Table 3).

Discussion

Our results suggest that both charadriids, the northern lapwing and the little ringed plover, 
may rely on egg crypsis as a reasonable antipredator strategy. Both species regularly left the 

Fig. 1. Responses (leaving the nest or staying at the nest) of incubating lapwings Vanellus vanellus (A) and 
plovers Charadrius dubius (B) to approaching nest predators. The results are ordered according to the decreasing 
proportion of nest departures. The list of predators includes the following species: crow Corvus corone, harrier 
Circus aeruginosus, others (Circus cyaneus, Ciconia nigra and Corvus corax), gull Larus ridibundus, magpie Pica 
pica, jay Garrulus glandarius and heron Ardea cinerea.
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nest without subsequently attacking the approaching common nest predators, such as corvids 
(carrion crow, European jay) or black-headed gulls. However, lapwings departed from the 
nests less frequently than plovers, suggesting that the two species differ in the extent to 
which this behavioural trait is used. Unlike plovers, breeding lapwings prefer an alternative 
strategy associated with colonial nesting and larger body size, both of them providing efficient 
harassment and exclusion of predators from nesting territories (E l l i o t  1985, L a r s e n  et 
al. 1996). In addition, lapwings can incubate more tightly while their partners guarding the 
nests are ready to attack the intruders (S a s v a r i  & H e g y i  2000). As shown previously 
by C r e s s w e l l  (1997), species that actively defend their nests are assumed to show little 
correlation between the risk of nest predation and nest concealment. Nevertheless, the importance 
of masking the nest location by lapwing parents is well demonstrated when the birds return to the 
nest. They usually alight not right at the nest but a few tens of meters away from it. As soon as 
they land, they walk or run directly or round to the nest (C r a m p  1990, own observations).

The reduced amount of lapwing departures from the nests in the presence of nest 
predators may become advantageous particularly when predator densities are high. The 
northern lapwing starts to breed early in the season and incubating birds often experience 
cold weather, which substantially raises their energy requirements (L i s l e v a n d  2001). 
Thus, too frequent departures from the nest might have a  detrimental effect on egg 
hatchability and on overall breeding success. Indeed, the colonial antipredator strategy 
of northern lapwings seems to ensure favourable hatching success also in areas with high 
incidence of predators (S a s v a r i  & H e g y i  2000).

In contrast, small and cryptic plovers frequently responded to the approaching predators, 
particularly corvids, by leaving the nest. We suppose that when the incubating plovers 
detect a  nest predator in time, they tend to hide the nest location more thoroughly than 
lapwings, due to their limited ability to defend the nest actively. When staying at the nest, 
the parent may disclose the clutch by showing its location to the predator (S k u t c h  1949, 
C r e s s w e l l  1997, R o p e r  & G o l d s t e i n  1997, M u c h a i  & d u  P l e s s i s 
2005). Our hypothesis can be indirectly supported by an additional behavioural trait shown 

Table 3. Types of responses to approaching predators associated with departures from nests in lapwings Vanellus 
vanellus and plovers Charadrius dubius.

Species Lapwing
Vanellus vanellus

plover
Charadrius dubius

Responses to carrion crows
N % N %

Flying away 13 (9 nests) 38.2 - -
Running away 011 (10 nests) 32.4 10 (6 nests) 71.4
Incubation-feigning - - 04 (2 nests) 28.6
Predator attack 10 (8 nests) 29.4 - -
Total 034 (16 nests) 100 14 (6 nests) 100

Responses to all nest predators except carrion crows
N % N %

Flying away 051 (16 nests) 54.3 1 (1 nest) 11.1
Running away 17 (6 nests) 18.1 2 (1 nest) 22.2
Incubation-feigning - - 04 (2 nests) 44.5
Predator attack 26 (10 nests) 27.6 2 (1 nest) 22.2
Total 94 (17 nests) 100 09 (2 nests) 100
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by the plover – luring the predator away by false incubation outside the nest (C r a m p 
1990, this study). Also unlike lapwings, plovers regularly use another behavioural element, 
injury-feigning, which may switch the attention of a predator to the adult, while the plover 
draws away from the nest (C r a m p  1990). However, this behaviour is more typically 
during the brood-rearing than during the egg-incubation period (own unpubl. observations). 
In our study, only one lapwing male was observed exerting short elements of injury-feigning 
and distraction while attacking a  small group of roe deer (Capreolus capreolus) in the 
proximity of the clutch (own unpubl. observation). 

We did not find any effects of colony size or habitat (in lapwings) on behavioural 
responses to predators. In contrast, decision making of adults in both species varied strongly 
according to the predator species approaching the territory (see also C r a m p  1990). Most 
departures from the nests occurred in the presence of corvids, which are considered highly 
skilled generalist predators of bird clutches in farmlands (E l l i o t  1985, L u g i n b u h l  et 
al. 2001, R o o s  2002, O l s e n  2003, Š á l e k  2004).

We conclude that both wader species may commonly use passive reliance on egg crypsis 
as a possible way of protecting their nests against visually oriented predators. However, both 
of them also combine it with active behavioural elements such as predator attacks and/or 
incubation-feigning. Departure from the nest seems to be unprofitable as an exclusive form 
of nest protection, because attractive prey (eggs) primarily evolves to be cryptic, and crypsis 
itself may activate the search image attention processes (S p e e d  2000), at least in some 
imaginative predators such as corvids searching ingeniously for easy and nutritious food.
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