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Scanning behaviour of foraging Ruffs Philomachus pugnax during spring migration: is flock size all that matters?

Keywords: scan rate, flocking, foraging behaviour, soda ponds, Seewinkel, Eastern Austria Zusammenfassung Sicherungsverhalten von Nahrung suchenden Kampfläufern Philomachus pugnax während des Frühjahrszuges: Ist allein die Gruppengröße Studie testete Effekte von Truppgröße und anderen potentiell wichtigen Variablen (Standort, Vegetationsbedeckung, Windstärke, Bewölkung, Datum, Tageszeit, Nahrungshabitat, Anzahl anderer Limikolen und Pickrate) auf das Sicherungsverhalten von Kampfläufern Philomachus pugnax während des Verfügung. Um Effekte der Prädiktorvariablen auf die Sicherungsrate Bedeutung der Truppgröße hervor, um die Varianz der Sicherungsrate von furagierenden Kampfläufern zu erklären

This study tested for effects of flock size and other potentially important variables (location, vegetation cover, wind force, cloud cover, date, time of day, feeding habitat, number of other waders and peck rate) on vigilance level of foraging Ruffs Philomachus pugnax during spring migration at Seewinkel, an important stopover site for waders in Eastern Austria. Therefore, foraging Ruffs were filmed at four different salt ponds. Finally, a total of 681 film sequences were available for analysis. To test for effects of predictor variables on scan rate (number of scans per 30 sec) of foraging Ruffs Generalized Linear Models (GLMs) were calculated including all variables and all possible subsets. Three variables remained in all 30 best GLMs (selected according to Akaike´s Information Criterion) testing for effects on scan rate of foraging Ruffs: feeding location, feeding habitat and flock size. These variables also significantly affected Ruffs´ scan rates according to Wald statistics. Besides differences of scan rates between feeding locations, vigilance level was significantly higher in terrestrially foraging Ruffs than in birds feeding at semi-aquatic habitat patches. Furthermore, scan rate decreased with increasing flock size. Our study emphasized that even when controlled for other variables affecting scan rates, flock size still remains important for explaining variance in vigilance levels of foraging Ruffs.

Introduction

Animals foraging in groups can benefit from a decreased predation risk (Caraco et al. 1980a;[START_REF] Elgar | Predator vigilance and group size in mammals and birds: a critical review of the empirical evidence[END_REF]) through enhancing the chance of earlier predator detection because more eyes are available for scanning the surrounding ("many eyes hypothesis"; [START_REF] Pulliam | On the advantages of flocking[END_REF]. Furthermore, animals in flocks may profit from the dilution effect [START_REF] Hamilton | Geometry for the selfish herd[END_REF]) that keeps the risk for a particular individual being chosen by a predator lower in a large group than in a smaller one. Finally, individuals in larger groups may profit from a greater confusion of attacking predators (e.g. [START_REF] Roberts | Why individual vigilance declines as group size increases[END_REF]Schradin 2000). As a consequence of all these various benefits, animals in larger flocks can adapt their vigilance by decreasing scan rate [START_REF] Randler | Vigilance during preening in Coots Fulica atra[END_REF][START_REF] Dias | Effects of position and flock size on vigilance and foraging behaviour of the Scaled Dove Columbina squammata[END_REF][START_REF] Sansom | Vigilance benefits and competition costs in groups: do individual Redshanks gain an overall foraging benefit?[END_REF]; but see [START_REF] Robinette | Social and ecological factors influencing vigilance by Northwestern Crows, Corvus caurinus[END_REF]. However, besides flock size vigilance is affected by many other confounding variables such as food density and quality, competition, an individual's position within the group, its sex, age and dominance, vegetation cover, weather conditions and time of day [START_REF] Elgar | Predator vigilance and group size in mammals and birds: a critical review of the empirical evidence[END_REF].

Depending on the capacity of species to be vigilant while foraging with the head down, vigilance may not be compatible with feeding behaviour to a certain extent [START_REF] Barbosa | Group size effects on vigilance: we need more bricks in the wall[END_REF]). Due to this potential trade-off between feeding and scanning for approaching predators, foraging in larger flocks can increase the food-intake, provided that foraging in larger groups is not negatively affected by interference competition [START_REF] Clark | The evolutionary advantages of group foraging[END_REF]. Several studies on mammals and birds have shown that the interaction frequency between group members increases with group size suggesting increased competition in larger groups, which may negatively affect anti-predator vigilance [START_REF] Elgar | Predator vigilance and group size in mammals and birds: a critical review of the empirical evidence[END_REF]). However, negative effects of interference in large flocks can sometimes be compensated by individuals due to the benefits of spending less time vigilant, as documented for foraging Redshanks [START_REF] Sansom | Vigilance benefits and competition costs in groups: do individual Redshanks gain an overall foraging benefit?[END_REF]. Vigilance may also serve to scan the surrounding for feeding companions to exploit their detected food patches [START_REF] Beauchamp | Should vigilance always decrease with group size?[END_REF]). As such scrounging opportunities are more frequent in large groups an increase of vigilance levels with group size can be expected [START_REF] Beauchamp | Should vigilance always decrease with group size?[END_REF].

When feeding and vigilance are not completely compatible, scanning rate can be negatively related to food density and can differ between food types due to different handling times. However, there can be a consistent covariation between food density and flock size of foraging birds. For example, in House Sparrows Passer domesticus an individual's scanning rate was found to be negatively correlated with food density, but higher food density also attracts larger flocks [START_REF] Barnard | Factors affecting flock size mean and variance in a winter population of house sparrows[END_REF].

Consistent covariation may also exist between flock size and food type, e.g. when the benefit of foraging in groups may vary for different food items [START_REF] Elgar | Predator vigilance and group size in mammals and birds: a critical review of the empirical evidence[END_REF]. Also a bird's position within the flock can affect its vigilance behaviour. Individuals foraging at the periphery of a group are usually more vigilant as they will be encountered first by attacking predators [START_REF] Elgar | Predator vigilance and group size in mammals and birds: a critical review of the empirical evidence[END_REF]. Predators often attack birds when they are feeding at a short distance from coverage leading to a higher probability of not being detected by their prey within the time they need to attack [START_REF] Whitfield | Redshank Tringa totanus flocking behaviour, distance from cover and vulnerability to Sparrowhawk Accipiter nisus predation[END_REF][START_REF] Cresswell | Predator hunting success and prey vulnerability: quantifying the spatial scale over which lethal and non-lethal effects of predation occur[END_REF]). In response, birds feeding in open habitats often forage away from cover to decrease predation risk, even though these feeding sites may be poor in food supply [START_REF] Cresswell | Flocking is an effective anti-predation strategy in Redshanks Tringa totanus[END_REF][START_REF] Cresswell | Predator hunting success and prey vulnerability: quantifying the spatial scale over which lethal and non-lethal effects of predation occur[END_REF][START_REF] Whitfield | Redshank Tringa totanus flocking behaviour, distance from cover and vulnerability to Sparrowhawk Accipiter nisus predation[END_REF]. Alternatively, birds have to increase vigilance when foraging closer to cover [START_REF] Lima | Distance to cover, visual obstructions, and vigilance in House Sparrows[END_REF][START_REF] Slotow | Influence of social status, distance from cover, and group size on feeding and vigilance in White-crowned Sparrows[END_REF].

Age and sex of birds can confound effects of flock size on vigilance, when birds of different sex or age gather in separate flocks, or when sex and age ratios within groups change with group size [START_REF] Elgar | Predator vigilance and group size in mammals and birds: a critical review of the empirical evidence[END_REF]. Finally, also weather conditions and time of day can affect flock size and vigilance levels, perhaps due to different energetic requirements, e.g. birds may have to replenish energy reserves particularly in the morning or during low ambient temperatures [START_REF] Elgar | Predator vigilance and group size in mammals and birds: a critical review of the empirical evidence[END_REF]).

Trade-offs between feeding and vigilance, and effects of flock size and other confounding variables may be particularly important for birds on migration, since about 90 % of total migration time is spent on feeding and resting [START_REF] Hedenström | Optimum fuel loads in migratory birds: distinguishing between time and energy minimization[END_REF]. In this study, we analysed effects of intrinsic and extrinsic variables on the vigilance of foraging Ruffs at a central European stopover site. In migrants like Ruffs their long-distance flights are interrupted by filling up fuel stores at suitable stopover sites before continuing migration [START_REF] Weber | Optimal avian migration: A dynamic model of fuel stores and site use[END_REF]. At these stopover sites Ruffs have to cope with varying prey availability, inter-and intraspecific competition for limited resources, high predation risks [START_REF] Lyons | Fat content and stopover ecology of spring migrant Semipalmated Sandpipers in South Carolina[END_REF] and time pressure (e.g. [START_REF] Muraoka | Spring migration dynamics and sex-specific patterns in stopover strategy in the Wood Sandpiper Tringa glareola[END_REF] as the time window suitable for breeding is shortening at higher latitudes [START_REF] Newton | The migration ecology of birds[END_REF].

This study aimed to analyse if, how and to which extent flock size, feeding location, weather conditions, vegetation cover, date, time, presence of other waders, peck rate and feeding habitat patch selection affect vigilance levels of Ruffs during spring migration at an important stop-over site in Eastern Austria. In contradiction to other studies, which focused mainly on effects of single or a small number of biotic and/or abiotic variables on the foraging behaviour of birds (e.g. [START_REF] Beauchamp | The effect of group size on mean food intake rate in birds[END_REF][START_REF] Evans | Energy balance and optimal foraging strategies in shorebirds: some implications for their distributions and movements in the non-breeding season[END_REF][START_REF] Ward | Predictors of vigilance for American Crows foraging in an urban environment[END_REF], our study evaluated effects of a large set of different factors potentially influencing vigilance of foraging Ruffs. Effects of some variables (e.g. time of day and feeding habitat), which may interact with flock size, on scanning rate were rarely studied before (e.g. [START_REF] Barbosa | Group size effects on vigilance: we need more bricks in the wall[END_REF]. Furthermore, to our knowledge it appears to be the first study analysing effects of a large number of variables on the scanning behaviour of a wader species at an inland stopover site.

Methods

Study area

The Seewinkel (47° 82' N, 16° 77' E; alt. 115m asl) located east of Lake Neusiedl at Burgenland, Eastern Austria is a stopover site of international importance for waders [START_REF] Laber | Die Limikolen des österreichisch/ungarischen Seewinkels[END_REF]. During spring migration Ruffs represent the most abundant wader species in the area with maximum numbers of more than 10,000 birds per day [START_REF] Laber | Die Limikolen des österreichisch/ungarischen Seewinkels[END_REF][START_REF] Kohler | Bestandsgrößen und räumliche Verteilung durchziehender Limikolen im Nationalpark Neusiedler See-Seewinkel in den Jahren 1995-2001[END_REF].

The study area is characterised by shallow soda ponds. These ponds are shallow basins with a depth of about 30-50 cm [START_REF] Wielander | Comparison of intact and degraded shallow soda ponds in the "Seewinkel" with the help of radiochemical and analytical methods[END_REF]) and some of them dry up nearly every year [START_REF] Wolfram | The zoobenthic community of salt pans in Austriapreliminary results on phenology and the impact of salinity on benthic invertebrates[END_REF]. They usually have extremely high pH values, ranging from pH 9 to pH 12, due to a high amount of carbonate (CO 3 2-) and bicarbonate ions (HCO 3-). When these ions combine with Na + ions, salts are formed [START_REF] Krammer | Growth regulation of soda lake bacterial communities by environmental factors assessed in laboratory batch culture experiments[END_REF]. The dominant salt in the shallow soda ponds is Na 2 CO 3 [START_REF] Wolfram | The zoobenthic community of salt pans in Austriapreliminary results on phenology and the impact of salinity on benthic invertebrates[END_REF]). Among these salt pans four have been chosen for this study: Darscho (D), Illmitzer Zicklacke (IZ), Neubruchlacke (N) and Oberer Stinkersee (OS) (Fig. 1).

Recording bird behaviour

Foraging behaviour of Ruffs was recorded with a camcorder (Panasonic HDC-SX5). Therefore getting as close as possible to the birds was essential without affecting their behaviour by the presence of the observer. However, as in most studies on the vigilance behaviour of birds, we cannot exclude completely that the presence of the observer did not have any effect on the vigilance behaviour of Ruffs. Nevertheless, filming was done always from a hide (either an observation hut or a car) and the distances from the hide to the nearest filmed birds were always rather similar at all four study sites. Therefore, we do not expect an e.g. site-specific observer-caused bias.

Filming of individual birds, small flocks or parts of larger flocks lasted for at least one minute. Date and time were recorded automatically during filming by the camcorder. Additionally, observation site and weather conditionswind force (1: windless; 2: weak wind; 3: moderate wind; 4: strong wind) and cloud cover (1: cloudless; 2: moderate cloud cover; 3: closed or nearly closed cloud cover)were noted. For bird flocks, also total flock size andfor mixed species flocksthe number of individuals per species were recorded. A bird flock was defined as a conor heterospecific group of waders all within a distance of approximately 20 body lengths to the nearest neighbour.

Due to the large number of present Ruffs an individual was most likely not recorded more than once on consecutive days. In several instances information on foraging behaviour of Ruffs in larger flocks was recorded on more than one focal bird.

However, the same individual was never recorded twice during the same session.

Field work was conducted from 1 April until 30 May 2008 on not more than 5 days a week and a total of 40 observation days. There was no field work on weekends and holidays due to the risk of higher anthropogenic disturbance potentially affecting foraging behaviour and feeding site selection of Ruffs. Furthermore, no field work was done during extremely bad weather conditions (e.g. heavy rain). Each salt pan was visited twice a day at an interval of three to four hours.

Analysis of film sequences

To quantify scan and peck rate of foraging Ruffs, one 30 sec film sequence of every film was selected during which the focal bird was not hidden by vegetation structures or other birds and was foraging either in terrestrial or semi-aquatic habitats. Scan rates (quantified as number of scans per 30 sec) were used as measurement of vigilance. Scanning behaviour was defined as rising of the head from the head-down foraging position (0°) to a bill position of at least 80°. Peck rates were quantified as number of pecks per 30 sec. Pecking was defined as touching or investigating the surface of water, soil or vegetation with the tip of the bill.

Two types of feeding habitats were defined: semi-aquatic (foraging in water) and terrestrial (foraging on land). Additionally, vegetation cover of foraging habitats was categorized as (A) no or sparse, low vegetation or (B) dense, high vegetation reaching at least the bird's intertarsal articulation in height.

Data analysis

Effects of abiotic and biotic variables on scanning behaviour of Ruffs were assessed by Generalized Linear Models (GLMs) with a normal (Gaussian) error structure and using a log-link function. GLMs were calculated using all predictor variables and possible subsets. To identify predictor variables with the strongest influence on the response variable scan rate, models were ranked according to their information content as determined by Akaike's Information Criterion (AIC) [START_REF] Crawley | GLIM for ecologists[END_REF][START_REF] Burnham | Model selection and multimodel inference[END_REF]; best models have lowest AIC values. For all models within 4 AIC values of the best model (with lowest AIC), we calculated their AIC weights [START_REF] Burnham | Model selection and multimodel inference[END_REF]. Higher AIC weights indicate a higher relative likelihood of a model compared with competing models [START_REF] Wagenmakers | AIC model selection using Akaike weights[END_REF]. Wald statistics for the GLMs were used to detect univariate effects of variables on scan rates of Ruffs. To describe the effects of the variables that affected scan rates after controlling for other variables, β coefficients for continuous variables and least squares means for categorical variables were used. All analyses were carried out in Statistica version 7.1 (Statsoft, Inc. 2005).

Results

A total of 681 film sequences of foraging Ruffs were analyzed. GLMs testing for effects on scan rate were calculated including all biotic and abiotic variables and all possible subsets of these variables. Of all predictor variables (location, vegetation cover, wind force, cloud cover, date, time of day, feeding habitat, flock size quantified as the number of jointly foraging Ruffs, other waders, peck rate) tested for their effects on scan rate of Ruffs, seven remained in the best model: location, feeding habitat, wind force, cloud cover, date, flock size and peck rate (Table 1). Of these variables only location, feeding habitat and flock size were included in all 30 best models. These three variables also proved to strongly affect Ruffs´ scan rates according to Wald statistics (Table 2). Flock size negatively affected scan rate (β = -0.36; Fig. 2). Terrestrially foraging Ruffs showed a significantly higher scan rate than semi-aquatic feeding birds (Fig. 3). Scan rates of foraging Ruffs proved to be highest at the salt pan D (least squares mean of log transformed scan rate SE: 1.81 0.05) and lowest at the site IZ (0.82 0.04). Ruffs at N (1.37 0.03) and OS (1.59 0.04) showed an intermediate vigilance. Cloud cover and wind force were included in 25 and 24 of the 30 best models, respectively ( 

Discussion

Scan rate

As expected our results indicate a strong negative effect of flock size on scan rate. A reduction in individual vigilance with an increase in group size is one of the most frequently reported relationships in the study of bird behaviour [START_REF] Arenz | The group size effect on vigilance: many unanswered questions[END_REF][START_REF] Catterall | Vigilance does not covary with group size in an island population of Silvereyes (Zosterops lateralis)[END_REF][START_REF] Slotow | Influence of social status, distance from cover, and group size on feeding and vigilance in White-crowned Sparrows[END_REF][START_REF] Slotow | Vigilance in Bronze Mannikin groups: the contributions of predation risk and intra-group competition[END_REF]. It is usually interpreted as a response to the lower risk of predation (Beauchamp 2003a), or an increased interference competition in larger groups. The latter can lead to an enhanced scramble for limited resources and as a consequence birds spend less time on vigilance (Beauchamp 2003a). Lower vigilance could also partly be due to a higher effort of coordinating activities within a group (Beauchamp 2003b).

Furthermore, larger groups can aggregate at sites with better food quality and/or higher food density, where individual birds may spend more time on feeding and less time on scanning when feeding is incompatible with vigilance [START_REF] Roberts | Why individual vigilance declines as group size increases[END_REF][START_REF] Beauchamp | How does food density influence vigilance in birds and mammals?[END_REF]). This may be particularly the case in species such as the Ruff, handling food with its head down, a posture not entirely compatible with vigilance (Lima and Bednekoff 1999). Food density potentially confounding effects of flock size on vigilance was not measured in our study. Therefore, we cannot estimate the importance of this variable on vigilance levels of foraging Ruffs.

Although a large amount of variation remains unexplained in studies testing for effects of group size on vigilance [START_REF] Beauchamp | What is the magnitude of the group-size effect on vigilance?[END_REF], there is clear evidence for a direct relationship between group size and vigilance when controlled for other potentially confounding variables [START_REF] Roberts | Why individual vigilance declines as group size increases[END_REF][START_REF] Ward | Predictors of vigilance for American Crows foraging in an urban environment[END_REF][START_REF] Beauchamp | How does food density influence vigilance in birds and mammals?[END_REF]. Also in our study flock size remained as key variable affecting scan rate, even when controlled for other important variables such as location and feeding habitat.

Also human disturbance can be a reason for showing increased alertness at feeding sites [START_REF] Sirot | Social information, antipredatory vigilance and flight in bird flocks[END_REF]. For example, a wintering population of Brent Geese Branta b. bernicla spent less time feeding but more time vigilant on days when disturbance was high [START_REF] Riddington | The impact of disturbance on the behaviour and energy budgets of Brent Geese Branta b. bernicla[END_REF]. Human disturbance, which may be perceived as predation risk by birds, could be also one reason for the observed differences of scan rates of foraging Ruffs at the four studied salt pans at Seewinkel. Scan rates were highest at Darscho, a salt pan, which is situated right beside a main road and a bike path. Here, bathers, riders and photographers were frequently observed during the field work for this study. In contrast the southern bank of the Illmitzer Zicklacke and the Neubruchlacke were less disturbed and Ruffs showed lower vigilance levels compared to the other two salt pans.

Different predation risk is considered to be a key influence on many aspects of bird behaviour such as the choice of feeding patches (Lima et al. 1999). For species that rely on detecting predators by sight, increased visual obstruction has been shown to increase vigilance to detect approaching predators in time (e.g. Whittingham andEvans 2004, Watson et al. 2007). At the same time visual obstacles like high vegetation can provide a hiding place and protection from an attack [START_REF] Lazarus | Contrasting effects of protective and obstructive cover on avian vigilance[END_REF] like in the Grey Partridge Perdix perdix or the Corncrake Crex crex [START_REF] Whittingham | The effects of habitat structure on predation risk of birds in agricultural landscapes[END_REF]. Vigilance rate of birds can also remain unchanged with increasing distance to cover (e.g. [START_REF] Lima | Initiation and termination of daily feeding in Darky-eyed Juncos: Influences of predation risk and energy reserves[END_REF][START_REF] Slotow | Influence of social status, distance from cover, and group size on feeding and vigilance in White-crowned Sparrows[END_REF] or can even increase (e.g. Caraco et al. 1980b;[START_REF] Hogstad | Advantages of social foraging in Willow Tits Parus montanus[END_REF]). In our study on Ruffs, which in most cases escape from approaching predators like hawks through rapid flight manoeuvres, trying to reach as fast as possible a greater flying height than the attackers [START_REF] Scheufler | Der Kampfläufer. A. Ziemsen Verlag, Lutherstadt Wittenberg Schradin C[END_REF], proximity to cover appeared to increase scan rates. Ruffs feeding in terrestrial habitatsusually closer to vegetation cover such as reed beds, bushes, or treeswere more vigilant than individuals foraging in semi-aquatic habitats of the open salt pans, perhaps in order to compensate for higher predation risk due to predators attacking waders from nearby vegetation cover. A higher predation risk close to cover was recorded for Redshanks Tringa totanus. Individuals feeding close to cover, entailed a much higher risk of being attacked by Sparrowhawks Accipiter nisus and of the attack being successful [START_REF] Whitfield | Redshank Tringa totanus flocking behaviour, distance from cover and vulnerability to Sparrowhawk Accipiter nisus predation[END_REF][START_REF] Cresswell | Predator hunting success and prey vulnerability: quantifying the spatial scale over which lethal and non-lethal effects of predation occur[END_REF]. Therefore, Redshanks try to avoid otherwise suitable habitat to decrease predation risk [START_REF] Cresswell | Predator hunting success and prey vulnerability: quantifying the spatial scale over which lethal and non-lethal effects of predation occur[END_REF].

Weather conditions had a very weak effect on scanning behaviour of foraging Ruffs. During periods with moderate to closed cloud cover Ruffs spent more time scanning than during cloudless conditions, what again may reflect a compensation of predation risk [START_REF] Lima | Initiation and termination of daily feeding in Darky-eyed Juncos: Influences of predation risk and energy reserves[END_REF][START_REF] Hilton | Choice of foraging area with respect to predation risk in redshanks: the effects of weather and predator activity[END_REF]). On cloudy days light intensity increases more slowly than on cloudless days resulting in longer periods of time per day ideal for predators attacking from the "cover" of the dimness [START_REF] Lima | Initiation and termination of daily feeding in Darky-eyed Juncos: Influences of predation risk and energy reserves[END_REF]. Changes in vigilance with wind force may also be connected with predation risk [START_REF] Hilton | Choice of foraging area with respect to predation risk in redshanks: the effects of weather and predator activity[END_REF]). However, as foraging Ruffs in our study showed highest scanning rates during windless time periods and during strong wind, it is difficult to draw clear conclusions.

We are aware that vigilance of birds foraging in groups also can be influenced by the distance between foraging neighbours [START_REF] Rolando | Vigilance and neighbour distance in foraging flocks of Red-billed Choughs, Pyrrhocorax pyrrhocorax[END_REF], group geometry and a bird's position within the flock [START_REF] Arenz | The group size effect on vigilance: many unanswered questions[END_REF], factors which we did not consider in our study. Usually, vigilance is higher in individuals at the edge of a flock [START_REF] Randler | Vigilance during preening in Coots Fulica atra[END_REF][START_REF] Dias | Effects of position and flock size on vigilance and foraging behaviour of the Scaled Dove Columbina squammata[END_REF]). However, in Ruffs foraging at the shoreline of salt pans at Seewinkel, the spatial organization of flocks is more or less a chain of birds foraging along the water-land transition zone. Such groups do not have a well developed "centre" and "margin" as, for example, wader flocks foraging on extensive mudflats.

Therefore, in our study only birds at the two outer edges of the flocks might have been faced a slightly higher predation risk resulting in a vigilance level deviating from the mean scanning rates of birds in the respective group.

Waders can "share" vigilance with other wader species, but the extent of sharing information depends on the relative size of the species joining mixed flocks [START_REF] Metcalfe | The effects of mixed-species flocking on the vigilance of shorebirds: Who do they trust?[END_REF]. Due to the low numbers of other waders (total of only 50 birds in 33 flocks) observed mixing with foraging Ruffs, we do not expect that they contributed much to the variance of Ruffs´ vigilance level. Indeed, our results did not indicate an effect of the number of other waders mixing with Ruffs on the variance of scan rate.

Trade-off between vigilance and food intake?

A relationship between scan and peck rates could not be found in our study on foraging Ruffs. Also other studies showed little evidence supporting a trade-off of peck rate against scan rate (e.g. [START_REF] Slotow | Influence of social status, distance from cover, and group size on feeding and vigilance in White-crowned Sparrows[END_REF]. Vigilance is expected to decline with increasing food intake rate when animals face time constraints on foraging [START_REF] Mcnamara | Evolutionarily stable levels of vigilance as a function of group size[END_REF] or with increasing flock size. However, reduced vigilance in larger flocks does not necessarily result in a higher food intake rate. As demonstrated for Redshank, an increased flock size can have negative effects on prey availability and, consequently, increases interference competition.

Therefore, although birds spent more time on foraging they did not appear to gain a benefit through increased food intake rates [START_REF] Sansom | Vigilance benefits and competition costs in groups: do individual Redshanks gain an overall foraging benefit?[END_REF]. In contradiction, it is often assumed that an increase in vigilance, e.g. in response to increased predation risk, translates into a decrease in food intake [START_REF] Pulliam | On the advantages of flocking[END_REF][START_REF] Fritz | The cost of vigilance for intake rate in the Mallard (Anas platyrhynchos) an approach through foraging experiments[END_REF]) because a bird cannot peck for food and raises its head to scan for predators at the same time [START_REF] Slotow | Influence of social status, distance from cover, and group size on feeding and vigilance in White-crowned Sparrows[END_REF]. An increase in vigilance can have a direct negative effect on the food intake rate through a reduction in the time available for feeding or through a decrease in foraging efficiency [START_REF] Lima | Behavioral decisions made under the risk of predation: a review and prospectus[END_REF].

Conclusions

Our data clearly showed that beside flock size, also feeding location and feeding habitat strongly affected vigilance of Ruffs foraging at salt pans at Seewinkel.

However, even when corrected for a large set of potentially confounding variables flock size strongly affected vigilance behaviour of Ruffs, thereby indicating its strong direct effect on vigilance.

Different scan rates at the four salt lakes may have been the result of different levels of human disturbance, which birds perceive as predation risk. Birds can lose much feeding time and energy when disturbed during foraging [START_REF] Riddington | The impact of disturbance on the behaviour and energy budgets of Brent Geese Branta b. bernicla[END_REF]. Hence, disturbance can dramatically affect birds' survival if they do not have access to alternative feeding sites [START_REF] Gill | Why behavioural responses may not reflect the population consequences of human disturbance[END_REF]. Therefore, the protection of a large number of existing salt pans may be an important precondition for maintaining the high conservation status of the Seewinkel as important stopover site for Ruffs and other waders.
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 1 , but Wald statistics indicate an only very weak effect on scan rate (Table 2). The scan rate of Ruffs foraging during cloudless time periods was slightly lower (least squares mean of log transformed

	scan rate SE: 1.20 0.04) than during periods with moderate (1.44	0.04) or
	closed or nearly closed cloud cover (1.36 0.04). Wind force affected scan rate in a
	rather complicated way. Lowest scan rates were recorded for Ruffs foraging during
	periods with weak (1.17 0.06) and moderate wind (1.20 0.04), a higher vigilance
	was found during windless periods (1.59 0.07) and periods with strong wind (1.57
	0.04).	
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Tables:

Table 1 Akaike model selection for assessing effects of ten different variables (location, vegetation cover, feeding habitat, wind force, cloud cover, date, time of day, flock size only considering Ruffs, number of other waders, peck rate) on scan rates of foraging Ruffs. Presented GLMs represent all models within 4 AIC values of the model with the lowest AIC. Variables included in all of the 30 best models are printed bold