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Abstract . While escape responses are shown to differ in areas with varying levels of human disturbance, 
it is not known to what extent these reactions depend on the composition of local species assemblages. 
We investigated variation in three flight response metrics for the invasive Canada Goose (Branta 
canadensis) in Belgium in three locations with different human accessibility. Results indicate that 
heterospecific birds and flock size affected flight initiation distances of the Canada Goose, but that 
these effects are location-specific. Escape responses were most pronounced in the nature reserve with 
the lowest human accessibility, and highly reduced in the recreational park. This study illustrates that, 
when buffer zones are being developed, generalising escape behaviour of birds may lead to potentially 
dangerous overestimations of their tolerance to human disturbance.
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Introduction

In conservation practice, nature and recreational values must be balanced in a context of increasing 
habitat degradation and a growing interest for ecotourism. When a strict separation between nature and 
human activities is no longer an option, the presence of people unavoidably interferes with the daily 
activities of birdlife (Beale & Monaghan 2004; Collins-Kreiner et al. 2013; Arlettaz et al. 2015; 
Hagy et al. 2017). Some birds, such as Branta canadensis (Linnaeus, 1758), can even be drawn to urban 
areas to avoid higher hunting pressure and thermoregulation costs associated with rural areas, increasing 
the potential for human-wildlife conflicts (Dorak et al. 2017).

To mitigate disturbance, one of the most commonly used techniques is to restrict human access in buffer 
zones (Schlacher et al. 2013a). Buffer distances can be quantified by the ‘Flight Initiation Distance’ 
(FID), the distance between the animal and the source of disturbance at which the animal takes flight 
(Lin et al. 2012). Taking flight is a distinct behaviour that requires a substantial energetic investment 
and is directly associated with habitat abandonment (Glover et al. 2011; Guay et al. 2013; Schlacher 
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et al. 2013b). Flight initiation distances are therefore a frequently-used indicator for the tolerance level 
of animals to disturbance (Gendall et al. 2015). 

Flock size is one of the major variables influencing escape behaviour in waterbirds, with evidence of 
both positive and negative effects of flock size on FIDs (Laursen et al. 2005; Kahlert 2006; Wang 
et al. 2011; Tätte et al. 2018). Almost paradoxically, larger flocks display more pronounced escape 
responses, even though gregarious lifestyles stem from a “safety in numbers” mechanism that evolved as 
a protection strategy from predators, whereby the risk of being attacked is diluted for many individuals 
(Lehtonen & Jaatinen 2016). This protection strategy makes sense when safety is interpreted as an 
increased predator avoidance potential (Laursen et al. 2005; 2016). Because of a general tendency to 
take flight quickly after detecting a threat (Samia et al. 2013) and a higher probability of larger flocks 
detecting threats, the vigilant individuals can initiate an early flight reaction that cascades through the 
entire flock as a reflex (Kahlert 2006; Beauchamp, 2012; Lehtonen & Jaatinen 2016; Boujja-
Miljour et al. 2017). While others remain vigilant, individuals can reduce their own scanning time 
and allocate more time to other activities (Wang et al. 2011). On the contrary, the distance birds fly 
when disturbed, and hence the duration of the escape response, was found to be shorter for larger flocks 
of Greater Snow Geese Anser caerulescens atlanticus (Kennard, 1927) (Béchet et al. 2004). This 
observation was attributed to a larger proportion of animals in the flock that was not necessarily aware 
of the initial cause for fleeing and of whether the threat is real or only perceived (Béchet et al. 2004). 
In Mallard Anas platyrhynchos (Linnaeus, 1758), there appeared to be no effect of flock size on the 
distance flown after being approached by walking observers, both when the disturbance was followed 
by a shooting signal and when not (Dooley et al. 2010). 

For species that occur in mixed-species flocks during a considerable part of the year, such as many 
waterbird species do, various interactions between flock members may have an important effect on 
vigilance and antipredator responses. In most studies on escape behaviour, however, species are 
investigated in isolation or without specifically addressing flock composition (Laursen et al. 2005; 
Chatwin et al. 2013; Vincze et al. 2016). The principles underlying flock formation, such as safety and 
ecological similarity (Sridhar & Shanker 2014; Lehtonen & Jaatinen, 2016), might also be related 
to characteristics that determine sensitivity to disturbance and the cascading of flight reflexes.

It is known that populations colonising urbanised environments often lose their wariness of humans 
faster than their rural conspecifics (Sol et al. 2013), as evidenced in House Sparrows Passer domesticus 
(Linnaeus, 1758) (Vincze et al. 2016) and Eurasian Red Squirrels Sciurus vulgaris (Linnaeus, 1758) 
(Uchida et al. 2016). More specifically, exotic species that become invasive beyond their natural ranges 
often owe their ecological success to more flexible and bolder behavioural traits (Lodge 1993; Sol 
et al. 2002; Cote et al. 2010; Chapple et al. 2012). However, it remains unknown whether such bold 
species still show geographic variation in their escape strategies, under different population densities 
and in the presence of different sets of associated species. This information would be useful, not just to 
better understand whether determinants of escape behaviour can be generalised across contexts, but also 
to support management actions such as nature reserve design and more effective control programs in the 
case of pest species. 

In this study, we focus on the Canada Goose as an invasive exotic in Belgium. Its history as a captive 
ornamental species may have induced habituation to ‘harmless’ humans (Geffroy et al. 2015). However, 
to control increasing Canada Geese populations, targeted hunting was permitted from 1998 onwards. 
More intensive culling activities were established the following decade, including an adapted hunting 
scheme, egg puncturing and euthanasing moulting geese flocks (Van Daele et al. 2012). Such invasive 
measures might have induced more pronounced flight reactions (Bejder et al. 2009).

We examine the flexibility of the flight behaviour of Canada Geese as a function of flock composition 
by experimentally inducing escape responses. We hypothesise that escape responses increase when less 
disturbance-tolerant waterbird species are present and when flock size increases. Even though feral 



DEBOELPAEP E. et al., Escape behaviour of Canada Geese

137

Canada Goose populations in Belgium originated from domestic animals, we expect that variations 
in human access to habitats and culling activities should have stimulated local differences in escape 
behaviour. By comparing three escape response metrics, i.e., two types of flight initiation distances and 
the total duration of the flight reaction, we distinguish different phases that have different biological 
implications.

Fig. 1. – Panel A visualises the protocol of escape response measurements. Upon straight approach by 
two observers from a starting distance of 200 m, the focal individual first started walking away (FIDwalk) 
and then took flight (FIDfly) when the observers came closer to the focal goose. To measure both flight 
distances, the location of the focal goose was identified by small landscape elements such as a patch of 
tall-standing grasses. The duration of the escape response (Tflight) is measured as the total time the focal 
goose spent moving away from the observers, whether walking or flying, until landing again. Panels 
B–D present the results for the three escape response metrics, with each symbol representing one flock 
of birds that was experimentally disturbed. White circles, black circles, and black triangles [different 
line type] respectively indicate records from Mechels Broek (MB, ○), Bourgoyen-Ossemeersen (BO, ●), 
and Woluwe Park (WP, ▼). Regression lines consist of long dashes, a full line and short dashes for MB, 
BO and WP, respectively. Panel B shows FIDwalk in function of the number of heterospecific individuals 
in disturbed flocks.  In Panel C, FIDfly is given in function of the total number of individuals in disturbed 
flocks in the two nature reserves. In WP, geese showed no secondary escape response. Panel D presents 
the variation in the duration of the escape response, Tflight, in the three locations over the course of the 
experiment. Observations where the focal individual flew out of sight are omitted from this graph, as the 
total duration of the escape response could not be measured reliably.
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Material and methods 

Experimental period

The flight response of Canada Geese was measured between 17 February and 14 March 2016 in two 
nature reserves, Bourgoyen-Ossemeersen (BO, 220 ha) in Ghent and Mechels Broek (MB, 100 ha) near 
Mechelen, and an urban park, Woluwe Park (WP, 70 ha) in the Brussels Capital Region. Location visits 
were alternated as much as possible and were executed in BO on 17, 22, 24, and 29 February and 9 
March; in MB on 26 February and 1, 4, 7, and 10 March and in WP on 26 February and 7 and 14 March. 

Study area

Bourgoyen-Ossemeersen (BO) had a paved circular trail for walkers and joggers and a renewed visitor 
centre at the main entrance of the reserve, separated from an inaccessible core area. Compared to BO, 
the other nature reserve, Mechels Broek (MB), was located in a more rural environment, had fewer 
visitor facilities and consisted of unpaved hiking trails with multiple inaccessible areas and a silent zone. 
In the urban park, the Brussels’ Woluwe Park (WP), paved trails were scattered throughout the park, 
accommodating different types of recreation for Brussels residents. The three locations were selected to 
incorporate different levels of human accessibility.

In both nature reserves, eggs are punctured and moulting Canada Geese are collectively euthanased every 
year. In Brussels, including WP, hunting has been forbidden since 1991. Instead, despite prohibitions, 
waterfowl have been incidentally fed in WP. This, in combination with the fact that there was no harmful 
experience with humans due to hunting in the past, potentially stimulated a positive perception of close 
human contact. 

Individuals of the three populations did not mix during the selected field work period since Canada 
Geese show limited dispersal in Belgium: most dispersal occurs within a radius of 20-25 km and their 
annual movements rarely exceed a 50-km radius (Cooleman et al. 2005). During summer the Canada 
Goose does undertake moult migration to specific wetland areas in Flanders and neighbouring regions, 
which has increased during the past decade (Tanger & Voslamber 2011; Van Daele et al. 2012). It 
can therefore not be excluded that some movement took place between the different study areas outside 
the experimental period.

Escape response measurements

We distinguished two phases of the flight response: the primary escape response (FIDwalk), which is to 
start walking away when the disturbance agent approaches, and the secondary response (FIDfly), which is 
to fly away when it has approached even closer. Although generally this distinction is not made for birds, 
except for some studies (Schlacher et al. 2013b; Koch & Paton 2014; Gendall et al. 2015), flying 
away is energetically more costly and results in the total abandonment of suitable habitat (Riddington 
et al. 1996; Koch & Paton 2014). The initial walking phase may then be considered as ‘buying time’ 
while balancing the necessity of flight with the persistence of the threat (Blumstein 2010). 

For species such as the invasive Canada Goose that are considered less fearful, even aggressive, the 
difference between these two phases may be an important indicator for sensitivity to disturbance. Also, 
when geese are moulting in May-July, individuals are only able to walk away from threats.

The field protocol (Fig. 1A) was adapted from Collop et al. (2016). During each location visit, two 
observers followed walking trails in the same direction until Canada Geese were observed and stopped 
at least 200 m away from the individual(s). The Canada Goose closest to the observers was then defined 
as the focal bird and its exact location was identified by small landscape features, such as a patch of 
tall-standing grass or mud, with the help of binoculars. The observers walked steadily towards the focal 
Canada Goose at about 0.5 ms-1 during the entire approach. When the focal individual started walking 
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away, a marker was put in the ground as a reference for measuring FIDwalk. Simultaneously, a timer 
was started. When the focal goose took flight, the observers stopped to measure FIDfly from their exact 
location. FIDwalk and FIDfly were measured to the nearest 10 cm using a 100-m tape measure. The timer 
was stopped when the focal bird landed again to measure the duration of the escape response Tflight. When 
the focal bird could not be relocated after three minutes, this was defined as an ‘out-of-sight’ event. For 
analysis of Tflight, records where the focal goose flew out of sight were omitted, i.e. respectively four, ten 
and zero measurements for BO, MB and WP. 

Prior to each escape response measurement, observers noted additional information on context variables 
that have been found to affect escape responses. These include weather conditions, the activity of the 
focal individual and the abundance of other species observed in a 25-m radius of the focal bird. In 
case the focal individual was part of a single contiguous flock distributed over an area with a larger 
radius, individuals of the entire flock were counted. The recorded species were Greylag Goose Anser 
anser (Linnaeus, 1758), Egyptian Goose Alopochen aegyptiaca (Linnaeus, 1766), Common Pochard 
Aythya ferina (Linnaeus, 1758), Mallard, Grey Heron Ardea cinerea (Linnaeus, 1758; one bird, MB), 
Barnacle Goose Branta leucopsis (Bechstein, 1803), Magellan Goose Chloephaga picta (Gmelin, 
1789), Eurasian Coot Fulica atra (Linnaeus, 1758), Common Moorhen Gallinula chloropus (Linnaeus, 
1758), Black-headed Gull Larus ridibundus (Linnaeus, 1766), Eurasian Curlew Numenius arquata 
(Linnaeus, 1758; one bird, BO), Great Cormorant Phalacrocorax carbo (Linnaeus, 1758; one bird, BO), 
Common Shelduck Tadorna tadorna (Linnaeus, 1758; one bird, BO), and Northern Lapwing Vanellus 
vanellus (Linnaeus, 1758; one bird, BO). Species that were observed in the same zone but did not 
flush simultaneously with the geese flock were excluded (Common Buzzard Buteo buteo (Linnaeus, 
1758; one bird, MB), Carrion Crow Corvus corone (Linnaeus, 1758), Common Wood Pigeon Columba 
palumbus (Linnaeus, 1758), and Eurasian Magpie Pica pica (Linnaeus, 1758)).

In total, 72 escape response measurements were collected in BO (N=25), the MB (N=22) and WP (N=25). 
In WP, FIDfly was not measured as geese did not fly, even when approached very closely (<2 m). Tflight 
then corresponds to the total time the focal bird spent walking away until resuming its former activity. 
Birds that showed signs of increased vigilance were not approached for measuring escape responses, as 
in these cases it is not certain the escape response could be attributed to the observers’ approach.

Statistical analysis

Statistical analyses were performed using R version 3.2.2. (R Core Development Team). 

For the three escape response metrics, assumptions of normality and homoscedasticity were checked 
with Shapiro-Wilk and Levene’s tests, respectively. A two-sided Fisher exact test was used to check 
whether there was a difference between the frequencies at which focal geese flew out of sight in the two 
nature reserves (BO and MB). 

To assess whether the different phases of the flight response show similar patterns, i.e., whether early 
initiation of a primary escape response is also reflected in an early secondary escape response and longer 
escape duration, the relationship between FIDwalk, FIDfly and Tflight was investigated. The association 
between sqrt(FIDwalk) and log(FIDfly) was examined using Pearson’s correlation, while associations 
between FIDwalk, FIDfly, and Tflight had to be tested using non-parametric Spearman correlation tests since 
residuals were not normally distributed. 

Next, the differences in escape behaviour between the three locations were investigated. In a first, 
more general approach, differences in FIDwalk between BO, MB and WP were analysed using one-
way ANOVA and Tukey post-hoc tests. A t-test was used to compare differences in FIDfly between 
BO and MB (in WP geese did not fly away). FIDwalk and FIDfly were respectively square-root and log-
transformed for agreement with assumptions of normality and homoscedasticity. To analyse differences 
between locations for monospecific Canada Geese flocks, Kruskal-Wallis and Wilcoxon rank sum post-
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hoc tests were applied because of strong heteroscedasticity of FIDwalk and FIDfly between locations. In a 
second part, we performed a more detailed analysis to check which context variables are most important 
for explaining variation in the different escape response metrics. For this, general linear models (GLMs) 
were constructed with FIDwalk, FIDfly, and Tflight as response variables and location (BO, WP, MB), weather 
conditions (dry/sunny, dry/cloudy and rainy/cloudy) and activity (foraging, grooming, resting) of the 
focal individual as categorical predictor variables. Continuous predictor variables were day, time of 
day, Canada Goose flock size, number of individuals from other species in a 25-m radius from the focal 
individual, and number of people observed on location during the entire site visit. The mean number of 
visitors (±SE) during the different location visits in Bourgoyen-Ossemeersen was 65±19; in Mechels 
Broek 8±3 and in Woluwe Park 59±7. ‘Day’ was expressed as the number of days since the first day of 
the field work, including the days without field work. There was no significant correlation between the 
number of Canada Geese in the disturbed flock and the number of heterospecific individuals (rs = 0.10, 
P = 0.42). Therefore, we can uncouple potential independent effects of the abundance of associated 
bird species and geese flock size. However, there was a significant correlation between the number of 
heterospecifics and total flock size (rs = 0.60, P ≤ 0.001) and between the total flock size and the number 
of Canada Geese (rs = 0.78, P ≤ 0.001).

During backward model selection, we started from a model with all candidate predictor variables and 
step by step removed the least significant term until we ended up with a model with only significant 
predictor variables. Non-significant main effects were not removed when they were part of a significant 
interaction term. The significance of variables was the most important criterion for identifying the best 
model. We also experimented with forward selection, which resulted in the same final models confirming 
that consensus models are robust. Response variables FIDwalk, FIDfly and Tflight were respectively square-
root-, log- and log-transformed to conform to model assumptions of normality, homoscedasticity and 
linearity of residuals. For the same reason, both abundance of heterospecific individuals and total flock 
size (Canada Geese plus other species) were log-transformed.   

Results

Results for the three escape response metrics are summarised in Table 1. The distances at which 
focal geese could be approached when they initiated walking (FIDwalk) and flying away (FIDfly) were 

Monospecific flocks Heterospecific flocks All measurements

    Mean (SE) Range N Mean (SE) Range N Mean (SE) Range N

FIDwalk BO 83.0 (9.8) 34.6–121.4 9 61.2 (7.5) 26.3–117.9 15 69.4 (6.2) 26.3–121.4 24

MB 100.9 (8.0) 57.3–157.8 13 127.5 (18.4) 66.5–197.2 7 110.2 (8.5) 57.3–197.2 20

WP 9.1 (2.2) 1.5–22.7 10 11.7 (2.2) 2.2–31 15 10.6 (1.6) 1.5–31.0 25

FIDfly BO 37.0 (5.4) 17.1–75.5 9 31.4 (4.3) 8.0–68.0 15 33.5 (3.3) 8.0–75.5 24

MB 50.8 (5.6) 11.7–79.7 14 72.1 (13.4) 38.2–133.7 7 57.9 (6.0) 11.7–133.7 21

Tflight BO 0.84 (0.11) 0.55–1.27 6 0.74 (0.11) 0.35–1.68 13 0.77 (0.08) 0.35–1.68 19

MB 0.90 (0.25) 0.09–1.58 5 0.82 (0.17) 0.27–1.27 5 0.86 (0.14) 0.09–1.58 10

  WP 0.23 (0.09) 0.03–0.80 9 0.31 (0.07) 0.04–0.94 15 0.28 (0.05) 0.03–0.94 24

TABLE 1

Mean and range of the three escape response measurements for both nature reserves Bourgoyen-
Ossemeersen (BO) and Mechels Broek (MB) and the urban park Woluwe Park (WP). Results are listed 
separately for monospecific Canada Goose flocks, heterospecific flocks (i.e., Canada Geese co-occurring 
with individuals of at least one other species) and both mono- and heterospecific flocks combined.
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significantly correlated (r = 0.69, P ≤ 0.001). The total duration of the escape response (Tflight) was more 
strongly correlated with FIDwalk (rs = 0.83, P ≤ 0.001) than with FIDfly (rs = 0.50, P = 0.011). 

The distance at which geese initiated the primary escape response FIDwalk differed between locations 
(F2,66 = 123.19, P ≤ 0.001), with shortest FIDs observed in WP and the largest in MB (Tukey HSD, 
pairwise BO-MB: t = 4.536, BO-WP: t = −10.985, MB-WP: t = −15.042; all P ≤ 0.001). 

This pattern was confirmed by general linear regression models (Table 1), where location was retained as 
a significant variable, in addition to the number of heterospecific individuals and the interaction between 
location and heterospecific abundance (F5,63 = 60.97, R² = 0.82, P ≤ 0.001). In MB, FIDwalk increased 
when more heterospecific birds were present, whereas in BO there was a decreasing trend (Fig. 1B). In 
WP, the abundance of heterospecific birds did not affect primary escape responses.

The closest distance at which birds could be approached before they flew away (FIDfly) was longer in 
MB than in BO (t31.58 = −3.54, P < 0.01). 

Variation in FIDfly was significantly explained by location, total flock size, as well as the interaction 
between these two variables in the general linear model (Table 2; F3,41 = 7.42, R² = 0.30, P ≤ 0.001). 
When flock sizes increased, FIDfly became longer in MB but decreased in BO (Fig. 1C). 

For monospecific Canada Geese flocks, FIDwalk was similar in the nature reserves (T = 43, P = 0.32; 
NBO = 9, NMB = 15) and smallest in WP (H2 = 20.513; with T = 90 and T = 130 for comparison with BO 
and MB, respectively; NWP = 10; all P ≤ 0.001). There was no significant difference in FIDfly between the 
reserves (T = 33, P = 0.062; NBO = 9, NMB = 15).

TABLE 2

Multiple linear regression models explaining variation in the three escape response metrics. During 
model construction, variables were stepwise removed from a complete model when the main effect and 
the interaction between variables were not significant (α > 0.05). The main effect was also retained for 
significant interaction terms. FIDwalk and FIDfly represent the distance at which the focal goose could 
be approached before it initiated walking and flying away, respectively. Tflight is the total time the focal 
individual spent walking and flying away. Transformations of variables: a = square-root; b = log.

FIDwalk
a (F5,63 = 60.97, R² = 0.82, P ≤ 0.001)        

Location 443.16 2 99.58 <0.0001    

Heterospecific abundanceb (β = −0.87) 9.38 1 4.21 <0.05         

Location × heterospecific abundanceb 31.41 2 7.06 <0.01        

Residuals 140.18 63

FIDfly
b (F3,41 = 7.42, R² = 0.30, P ≤ 0.001)        

Location 0.17 1 0.71 0,4

Flock sizeb (β = −0.16) 0.86 1 3.54 0,07

Location × flock sizeb 2.03 1 8.32 <0.01       

Residuals 10.4 1

Tflight
b (F5,44 = 27.46, R² = 0.73, P ≤ 0.001)        

Location 1.37 2 2.17 0,13
Day 0.001 1 0.003 0,95
Location × day 6.7 2 10.57 <0.001      

  Residuals 13.95 44    
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The duration of the escape response, Tflight, differed for the three locations (H2 = 22.06, P ≤ 0.001). 
Canada Geese spent least time on escape responses in WP compared to BO (T = 398, P ≤ 0.001) and MB 
(T = 211, P ≤ 0.001). Flight duration did not significantly differ between BO and MB (T = 74, P = 0.35). 

Furthermore, the frequency of the focal bird flying out of sight was higher in MB than in BO, respectively 
45% (10/22) and 16% (4/25) (P = 0.05). In the linear model that described the variation in Tflight, location 
as well as day and the interaction between these two variables were retained (Table 2). Only in WP was 
there a decrease in the duration of the escape response towards the end of the experiment (Fig. 1D).

Discussion

Association between escape response metrics

We found a strong positive relationship between FIDwalk and FIDfly (r = 0.69, P ≤ 0.001), implying that 
individuals that are more sensitive to disturbance initiate both primary and secondary escape responses 
sooner. This is consistent with the positive relationship found between alert distances (AD), which 
indicate the point at which animals display increased vigilance, and FIDs (Guay et al. 2013; Samia et 
al. 2013). As soon as an animal detects an approaching predator, it needs to continuously monitor the 
threat. Due to the high costs associated with staying vigilant (Blumstein 2010), escaping quickly after 
the threat has been detected allows individuals to maximise the time that can be allocated to foraging, 
resting or other activities (Blumstein 2010; Samia et al. 2013). Taking flight early, because the cost 
of escaping is lower than the cost of prolonged vigilance, has been termed the ‘flush early to avoid the 
rush’ hypothesis (Blumstein 2010). It is thus possible that the positive association between walking 
and flying FIDs is an extension of this hypothesis: not only to initiate flight, but also to intensify the 
mode of escape quickly. 

Moreover, the ‘flush early’ hypothesis may explain the positive relationship observed between the duration 
of the escape response and both FIDs: individuals that take flight earlier tend to remove themselves further 
from the source of disturbance. Especially in larger-bodied species there appears to be a strong positive 
association between different escape response metrics, which is potentially related to the relative energy 
efficiency of prolonged flights being higher than for smaller species or to the distribution of alternative 
habitat and food resources being more limited for large species (Tätte et al. 2018).  

Effect of flock size and presence of other species on escape responses

For the walking escape response (FIDwalk), birds could be approached less closely in MB if there were 
more heterospecific birds present. However, this relationship was not found in WP and was slightly 
negative in BO, with the presence of more heterospecific birds seeming to reduce escape behaviour. 
For the flying escape response (FIDfly), the total number of birds was more important instead, leading 
to shorter distances at which birds could be approached in BO but longer in MB. It should be noted 
that relatively few large flocks (> 50 individuals) were observed over the course of this study. Similar 
patterns emerged for both walking and flying away when these records were omitted from the analyses.

A stronger flight reaction (higher FID) in larger flocks, as found in one of our sites (MB), is supported by 
various studies. Larger flocks of moulting Greylag Geese were more likely to initiate escape in response to 
various triggers, such as gull alarm calls or helicopters (Kahlert 2006). Similarly, a positive relationship 
was described between flock size and flight initiation distance for 17 passerine species (Tätte et al. 2018). 
Furthermore, Laursen et al. (2005) discovered that out of the 19 waterbird species that were experimentally 
disturbed by a single walker, ten species displayed greater escape distances during autumn if flock size 
increased. During spring, this was observed in only three species, which suggests flock effects may differ 
greatly between species (Laursen et al. 2005). We might assume such species-specific variation in flock 
effects also had an effect on the observations in this study. Additionally, part of the observed variation in 
disturbance distances may be attributed to the difference in number of heterospecific individuals between 
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study sites. The local species composition is thus important. When more heterospecific birds are present, 
their effect on the escape response of a flock can also be more pronounced.

The mechanism explaining earlier escape initiation in larger flocks is an increased vigilance and 
risk avoidance potential, because of the added individual ‘scanning’ times and the higher probability 
that a more frequently vigilant individual is present in the flock (Mori et al. 2001; Kahlert 2006; 
Lehtonen & Jaatinen 2016). However, sometimes individuals decrease their scanning times in larger 
groups, or the approaching threat is perceived as less harmful, as the risk is diluted for many individuals 
(Gutzwiller et al. 1998; Yasué 2005). It is not known if the presence of bolder species such as the 
Canada Goose provides an enhanced feeling of safety for other species in the flock and thereby reduces 
vigilance in individuals of the other species. Furthermore, larger flocks may be attracted to locations 
with higher food availability, which they are not likely to abandon quickly (Gutzwiller et al. 1998). 
These mechanisms may underlie the more relaxed escape response of larger flocks in BO. 

Our model shows that the primary response (FIDwalk) was influenced by the abundance of heterospecific 
birds, whereas for the secondary response (FIDfly.), the model pointed towards a higher importance of 
the total number of birds in the flock. Both predictors, however, are correlated (rs = 0.60, P ≤ 0.001), 
hence we cannot pinpoint whether heterospecifics indeed matter more for the escape response than 
the total number of birds in a flock. In both cases, the behavioural shift of a few vigilant animals can 
stimulate flight reactions that propagate as an ‘escape wave’, even more efficiently so in larger flocks 
(Beauchamp 2012; Herbert-Read et al. 2015). Also, different dynamics may exist in the transmission 
of the escape signal. For instance, this process may occur faster for more prominent movements, for 
signals that are more easily recognised by closely related or co-occurring species, or when additional 
signals are involved such as alarm calls (Boujja-Miljour et al. 2017). 

Differences in disturbance distances between sites

Comparing nature reserves, both FIDwalk and FIDfly were shorter in Bourgoyen-Ossemeersen (BO) than 
in Mechels Broek (MB). As often observed in urban populations (Lin et al. 2012; Geffroy et al. 2015; 
Vincze et al. 2016), Canada Geese in the Woluwe Park (WP) could be approached most closely and 
even did not fly away. The greater response to human disturbance in the nature reserves compared to 
the urban park was not only related to the presence of other species, as monospecific flocks of Canada 
Geese also display larger FID in the nature reserves (T = 90 and T = 130 for comparison with BO 
and MB respectively, both P ≤ 0.001). This implies that there is a general pattern of Canada Goose 
populations being more sensitive to disturbance in the nature reserves and more tolerant in the park. 
It should be noted that birds in WP may be more familiar with the exact type of disturbance in this 
experiment than geese from BO and MB, because visitors can walk more freely in WP. In comparison, 
a direct approach by humans on foot, off the designated paths, may be unusual and hence more easily 
interpreted a potential threat by birds in BO and MB. Possibly the larger FIDwalk, and to lesser extent 
FIDfly, in one of the nature reserves (MB) compared to the other (BO) could be linked to the lower human 
accessibility and different spatial planning in MB and the proximity of a larger city and the presence 
of more variable types of human recreation in BO, but this is speculative. More information on local 
recreation pressure, food and shelter availability and proximity of alternative suitable habitats is needed 
to address the drivers for variation in escape behaviour in these sites. 

Difference in escape response duration between sites

In contrast to the patterns observed for the distance metrics (FID), we found no associations between 
the total duration of the escape response and group size- or composition- related variables. Rather 
surprisingly, because we did not expect to find temporal patterns within the relatively restricted time 
period of the experiment, the day at which the measurement was executed was retained as a significant 
term in interaction with location. This reflects the decreasing trend in Tflight throughout the study period 
in WP and the lack of a clear trend in the nature reserves. This is probably because only a relatively low 
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number of measurements were retained after omitting the records where the focal bird flew beyond our 
field of vision and because measurements in WP were executed on just three different days. There is 
thus no clear evidence for effects of behavioural changes before the breeding season on flight responses. 
Moreover, there are hardly any suitable nesting locations available in WP that are inaccessible by 
humans, so it is unlikely many Canada geese prepare for or attempt breeding in WP.  

Conclusion

Invasive species such as the Canada Goose can be a valuable model to analyse how local context 
alters escape behaviour. These model species may improve our understanding of how bolder, more 
disturbance-tolerant birds can influence the flight reaction of more sensitive individuals, and vice versa. 
Populations may adjust their escape strategies based on locally experienced conditions and interactions 
with local species assemblages. Therefore, generalisations that are currently made in buffer design may 
lead to severe overestimations of the tolerance of birds to human disturbance in multispecies flocks 
when extrapolating thresholds between different sites. For instance, in this study, the largest distance at 
which geese were approached when they initiated the escape, measured in one of the nature reserves, 
is approximately 130 times larger than the smallest distance, measured in the urban park. Nature and 
recreation objectives are indeed subject to different trade-offs in protected areas and parks. In some 
areas, a spatial planning based on a safer, ‘maximum FID’ distance can be necessary to protect sensitive 
populations, whereas such solutions may not be realistic or desirable in urban parks. 

In the case of pest species, the efficiency of control plans may benefit from a better insight into the 
distance at which individual birds or flocks can be approached, and into which context this distance is 
the smallest. For instance, understanding how flock interactions affect escape behaviour could allow 
managers to target pest species while limiting the impact on non-target or protected species. 

Also, since the three escape response metrics are considered to have different biological implications 
and are found to be associated with different context variables in this study, we would recommend 
measuring several indicators to assess the local drivers of escape behaviour. 
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