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Abstract 
 
The only colony of Cattle Egrets (Bubulcus ibis) in the Canary Islands are based in 
Lanzarote. Despite the significance of their presence they are locally regarded as a public 
nuisance. Limited research combined with a local disregard for the birds has resulted in a 
poor understanding between the Cattle Egrets and their ecology in Lanzarote. The aim of this 
study was to determine the affect different habitats have on Cattle Egret behaviour. The study 
also focused on the relationship between Cattle Egrets and their association with herds in 
Lanzarote. Focal behavioural observations were conducted on Cattle Egrets accompanying a 
walking mixed sheep and goat herd in the El Jable desert area. Observations were also 
conducted at an urban site at the Arrecife reserve where the colony of Cattle Egrets are based. 
Our findings show a commensal relationship exists between Cattle Egrets and herd animals in 
Lanzarote. The results also show there is a significant relationship between location and the 
proportion of time behaviours are displayed (p<0.001). Flying and leaning stationary were 
the only behaviours to have a significant difference between locations. Flying (p<0.001) was 
significantly higher at the El Jable desert than the reserve in Arrecife, whilst leaning 
stationary (p<0.006) showed a significantly higher prevalence at the Arrecife reserve than the 
desert. Habitat characteristics have therefore been shown to affect the proportion of time 
behaviours are displayed, an important finding in further understanding the ecology of Cattle 
Egrets in Lanzarote. There is however a lack of research on the Cattle Egrets in Lanzarote, 
this study can provide a basis from which further research can be developed.  
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1. Introduction 

 

1.1 Biology, Behaviour and distribution  

The study was based in Lanzarote, an island forming one of the seven Canary Islands which 

are located off the north-west coast of Africa in the North Atlantic Ocean (Rodríguez, 1999, 

Palomino et al., 2008).  As well as being a volcanic island, Lanzarote is the driest of the 

Canary Islands having very limited rainfall (Zöller, von Suchodoletz & Küster, 2003). This 

leads to restricted plant life and has limited animal agricultural use primarily to goat herding. 

Cattle Egrets (Bubulcus ibis) from the family Ardeidea are a heron bird species with a wide-

ranging distribution globally. Locally in Lanzarote and in the Spanish language Cattle Egrets 

are referred to as Garcilla Bueyera (Bubulcus ibis). 

At the start of the 20th century the expansion of Cattle Egrets began dispersing from Ethiopia 

eventually inhabiting every continent (Palomar, 2001). The earliest sighting in South 

America was 1880 and North America in 1941, Maddock & Geering (2010) believe they 

travelled across the continents without human assistance. Their global dispersal is relatively 

recent, Maddock & Geering (2010) attribute this to an increase in anthropogenic habitat 

changes. The only colony of Cattle Egrets in the Canary Islands is located in Lanzarote and 

they are present all year round (Palomar, 2001). 

Figure 1: Map representing the dispersal of Cattle Egrets from Ethiopia to Lanzarote (Google maps, 2019). 
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The identifying features of a Cattle Egret changes throughout the year. Outside of the 

breeding season they have white plumage a yellow bill with grey and yellow colouration of 

the legs. During breeding season orange coloured plumage is distributed on the crown, breast 

and back along with an orange colouration of the bill and legs. Juveniles have white plumage 

whilst their bill and legs are black. The only aspect of sexual dimorphism is that males are 

slightly larger than females (SEO/ Birdlife, 2019).  

 

 

Breeding season in Lanzarote occurs around February and August with an average brood size 

of three chicks being recorded for the colony at Arrecife, Lanzarote (Palomar, 2001). As 

opportunistic feeders they have a diverse diet including a wide range of insects and small 

species of lizards, amphibians and mammals (SEO/ Birdlife, 2008), however they are 

primarily insectivorous (Mohammedi, 2016). Cattle Egrets derive their name from their 

foraging behaviour of associating with a moving herd to expose insects in the substrate whilst 

walking. They have been known to follow cattle, goats, sheep, zebras and buffalos 

(Fernandez et al., 2014). In Lanzarote Cattle Egrets commonly follow goat herds as this is the 

primary herd animal used on the island.  

Figure 2: Cattle Egret during breeding season 
with a distribution of orange coloured plumage. 

Figure 3: Cattle egret with white plumage. Three accompanying chicks 

display juvenille characteristics of black bill and legs.  
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1.2 Status and threats   

The Cattle Egret (Bubulcus ibis) is currently classified as Least Concern on The IUCN Red 

List of Threatened Species (2016). The population trend is decreasing in Europe but since 

they currently have a very large distribution range and the decrease in numbers is not 

sufficiently rapid they do not meet the criteria for classification as Vulnerable (IUCN, 2016). 

However, despite being classified as least concern they are impacted by several threats that 

occur globally: Cattle Egrets are commonly perceived as a public nuisance, being considered 

unhygienic animals (Kushlan & Hancock, 2005); an increase in road traffic fatalities; 

pesticide poisoning also seriously infringe on their habitats (Kwon, Wee & Kim, 2004). 

Similar threats to the species are also present in Lanzarote.  

 

Over the last decades there has been a significant increase in the development of road 

networks in urban areas in Lanzarote; rural areas have also seen an increase in road 

developments (Tejera, Rodríguez, Armas & Rodríguez, 2018). The number of vehicles per 

inhabitant are recorded to be higher in Lanzarote than in any of the other Canary Islands 

(Márquez, 2013). Wildlife mortality has greatly increased on the island and correlates with 

the increase in vehicles and the structures associated with road developments such as 

artificial lighting. The government in Lanzarote has embarked on an initiative of 

embellishing road verges with ornamental plant life (Tejera, Rodríguez, Armas & Rodríguez, 

2018). Cattle Egrets in particular are susceptible to roadkill mortality because of their 

foraging behaviours as they are attracted to and utilise these plants (Dhindsa, Sandhu, Sandhu 

Figure 4: The distribution of Cattle Egrets outlined across a map of the world. Taken from IUCN 
(2016).  
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& Toor, 1988, Márquez, 2013). Cattle Egrets are a protected species, yet their population has 

the highest mortality rate amongst seabirds or wetland birds in Lanzarote, making up 11% of 

all registered road fatalities in birds (Márquez, 2013). Mortality rates are higher during the 

summer season resulting in juveniles being disproportionately affected by roadkill, with the 

potential of negatively impacting future population sizes (Tejera, Rodríguez, Armas & 

Rodríguez, 2018).  

The local population’s perception of the Cattle Egrets as being pests and creating public 

nuisance has also negatively impacted their population numbers at their nesting site in 

Arrecife over time. Palomar, (2001) describes their population growth and decline, from the 

formation of the colony of Cattle Egrets in an urban park (now a reserve) in Arrecife in 1988 

with three breeding couples which expanded to 135 couples by 1999. The local opinion of the 

Cattle Egret however degenerated with the expansion of the colony. This led to persecution 

of the colony in 2000 with intensive pruning of the trees which are used by the colony for 

nesting. 65% of the nests were destroyed in an attempt to remove the colony, many eggs were 

destroyed and a high mortality rate for chicks was recorded (Palomar, 2001).  Subsequently 

there was a significant population decrease to only 58 couples in 2001. Palomar, (2001) 

describes this as a clear setback for the species in Lanzarote. Cattle Egrets maintain a poor 

reputation to this day among some locals, although the colony has recovered to between 350 

and 400 individuals (Tejera, Rodríguez, Armas & Rodríguez, 2018).  

As of August 2018, there was a further attempt to reduce the colony in Arrecife by felling 

trees with nests in what was described as “a crime against wildlife” and denounced by 

SEO/Birdlife (2018). This act clearly demonstrates the current adverse view held of cattle 

egrets in Lanzarote.    

 

1.3 Positives for the presence of cattle egrets in Lanzarote 

In the face of continuing persecution among some local’s observations show that Cattle 

Egrets can have many benefits to a small island such as Lanzarote. Waste management is one 

of the main issues concerning environmental management in the Canary Islands, with the 

primary destination for waste and biodegradable waste being landfill (Santamarta, Rodríguez-

Martín, Arraiza & López, 2014). Lanzarote has a landfill site located in the town of 

Zonzamas, 7.4km from the Cattle Egrets nesting site in Arrecife. It is a rare sight to see the 

landfill without an abundance of Cattle Egrets scattered throughout, where they forage on 

waste and insects breeding amongst the waste. Landfills are a breeding ground for insects and 

can produce thousands of maggots daily which will develop to pathogen carrying flies which 
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can spread across the island (Seedikkoya, Azeez & Shukkur, 2007). Cattle Egrets role as a 

predator to these insects means they are an effective biocontrol agent with the capability of a 

single egret removing between 100-150g of maggots daily (Seedikkoya, Azeez & Shukkur, 

2007). The elongated, narrow structure of a Cattle Egrets bill enables them to retrieve larvae 

that remain in dark conditions up to 10cm below the waste (Seedikkoya, Azeez & Shukkur, 

2007). 

Furthermore, personal communication data from a local sweet potato farmer in Lanzarote 

claims the Cattle Egret’s unique bill enables the bird to remove parasites that impact their 

crop from deeper below the substrate than other bird species on the island. It should be noted 

that these behaviours result in the Cattle Egret being considered as a biological insect pest 

control agent in many countries across Africa and India. (Patankar, Desai, Shinde & Suresh, 

2007, Mohammedi, Doumandji, Ababou, Koudjil, & Rouabhi, 2016). Studies conducted on 

the diet preference of the Cattle Egret concludes that they are an important and beneficial 

element in many local cultures as they are primarily insectivorous and prey on the pests of 

many crops (Mohammedi, 2016). The insects the Cattle Egrets prey on are also competitors 

with livestock for grass, a highly valuable source for grazing animals, hence the farmers 

support the presence and are happy to tolerate Cattle Egrets (Toloa et al., 2017). Abdullah et., 

al (2017) suggests by promoting and creating awareness of the benefits that Cattle Egrets can 

have on agroecosystems, it can both protect the status and reputation of the Cattle Egret 

whilst also encouraging a reduction in use of pesticides that negatively impact the 

environment (Patankar et al., 2017). These studies support growing interest in the 

conservation of Cattle Egrets which is in sharp contrast to pre-existing perceptions of them 

being considered as pests. Patankar et al., (2017) believes Cattle Egrets to be of such 

importance that breeding records should be kept globally in order to have an accurate record 

of the population status, so that in the event the population starts to decline action can be 

taken to prevent further decline. 

 

1.4 Negatives for the presence of cattle egrets seen in other research  

These positive perceptions are not globally widespread however, as depending on location 

the Cattle Egrets themselves can still be regarded as pests (Barré & Uilenberg, 2010). Cattle 

Egrets have been attributed with the spread and dispersal of two cattle tick species in the 

1950s to the Great Caribbean basin as the spread of ticks coincide with the Cattle Egrets’ 

dispersal and arrival to the area (Arendt, 1988). Silva et al., (2018) defines Cattle Egrets as an 

invasive species in Brazil, as they are in many countries, with views that they are a threat to 
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environmental stability, human health and to that of the endemic species. These views are 

supported by Della Bella & Azevedo-Junior (2004) who attributes Cattle Egrets to the decline 

of native herons due to competition for resources. The discovery of salmonella in individual 

Cattle Egrets (Silva et al., 2018) and the detection of chlamydia in over 50% of a population 

of Cattle Egrets (El-Jakee, Osman, Ezzeldeen, Ali & Mostafa, 2014) who were clinically 

healthy further suggests them to be a hazard to the health of humans posing a zoonotic risk, 

as well as to the health of livestock (Phalen, Drew, Simpson, Roset, Dubose & Mora, 2010).  

Originally 177 Cattle Egrets were introduced as a biological control agent in Hawaii in 1959 

which increased to 30,000 birds by 1981 (Paton, Fellows & Tomich, 1986). A large 

population roosting near the airports has proven to be hazardous to aviation with collisions 

and focus has been placed on trying to control the species in a humane manner through 

behavioural modification techniques (Funasaki et al., 1988). 

It is important to highlight however there is currently no research on the negative impact of 

Cattle Egrets in Lanzarote. 

 

1.5 Herd Association  

There is no current research on the relationship between the mixed goat and sheep herds with 

Cattle Egrets in Lanzarote. Goat herds are spread throughout the island predominantly 

located on the outskirts at the El Jable desert area.  

Cattle Egrets derive their name from their prominent foraging behaviour of associating with 

herds to gain easy access to prey. In fact, Cattle Egrets are highly versatile and have wide 

ranging habitats outside of cattle herd association, they are also frequently found in urban 

areas. Commensalism between Cattle Egrets and their associated herd positively impacts 

foraging success, reducing foraging time, whilst significantly reducing the time spent 

between successful prey captures hence reducing energy expenditure for the birds (Heatwole, 

1965, Chaskda et al., 2018, Mukherjee, 2000, Si Bachir et al., 2001). This is highlighted 

when compared to Cattle Egrets foraging in the absence of a herd (Chaskda et al., 2018). 

Cattle Egrets follow tractors as well as herds and captures of prey per minute are higher when 

accompanying heavy machinery as they are capable of exposing a larger volume of prey 

when compared to those associating with a grazing herd (Mukherjee, 2000). This highlights 

the opportunistic behaviour of Cattle Egrets and how adaptable they are (Si Bachir et al., 

2001). Not only do Cattle Egrets have to take into account the behaviour of their prey but 

also the behaviour of the host herd species they are following. Burger & Gochfeld (1993) 

suggest a species that takes an average of 5-15 steps per minute ensures the pace of the 
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animal is not too slow or fast, as the number of steps the host species takes is a predicator of 

prey availability.  

To further maximise the benefits achieved when associating with a herd on an intraspecific 

level it has been observed that Cattle Egrets are methodical in their approach to selecting 

which individuals in a herd to associate with. Sexual dimorphism among ungulates 

commonly results in males being bigger in size with a greater body mass and therefore it 

could be assumed would have a greater ability at exposing more insects. However, in the case 

of Père David’s deer (Elaphurus davidianus) Fernandez et al., (2014) observed a preference 

in associating with adult females in an attempt to avoid male aggression during rutting 

season, females also had a preferable walking speed. Thompson, Lanyon & Thompson 

(1982) attributes the distribution of Cattle Egrets amongst a herd to how would be predicted 

according to optimal foraging theory.  

There are contradictory observations on the relationship between Cattle Egrets and their 

corresponding herd, whether it be of a commensalism nature (Seedikkoya, Azeez & Shukkur, 

2005) or a mutualistic relationship. Seedikkoya et al., (2005) did not observe a mutualistic 

relationship whereby Cattle Egrets remove ectoparasites from their associating herd. 

However mutualistic relationships have been observed to be existing in studies (Della Bella 

& Azevedo-Junior, 2004) in which case, there presents an argument to the benefits of the 

presence of Cattle Egrets to the welfare of herd animals. 

 

1.6 Habitat in an urban environment 

Abdullah et al., (2017) credits the global success of the Cattle Egrets to their ability to utilise 

anthropogenic habitats and their versatility as feeders, allowing them to occupy both urban 

and rural areas. Cramp & Simons (1977) credits their adaptability to noise as an element in 

their success in an urban environment. Their utilisation of a variety of habitats has meant that 

Cattle Egrets can be used as an indicator of pollution for toxins in the environment via 

collecting traces of compounds from their feathers (Malik, Moeckel, Jones, & Hughes 2011). 

Utilising Cattle Egrets in this manner will allow a representation of the issues that can arise 

when inhabiting an urban environment. Not only do these toxins have a negative impact on 

human health but also the reproduction of bird life has been recorded to be affected (Malik et 

al., 2011).  

Toloa, Kibuule, Blasberg & Pomeroy (2017) observed Cattle Egrets roosting and nesting in a 

densely populated city but travelling long distances to feed in rural areas alongside foraging 

in the urban environment. This behaviour is also witnessed in Lanzarote, nesting in the 
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capital city of Arrecife and travelling a significant distance to both the landfill site in 

Zonzamas and goat herds in the El Jable desert to forage. Research has shown foraging in an 

urban environment can impact the welfare of nestlings, as foraging in landfill sites and cities 

can result in smaller, nutritionally deficient nestlings with poorer immune defence (Lowry, 

Lill & Wong, 2013, Heiss, Clark & McGowan, 2009, Becker & Hall, 2014). 

During breeding season nests are created within the reserve in Arrecife in trees at a height of 

4-8m in an attempt to avoid strong winds that frequent the island which have a greater 

influence in the higher regions of trees (Palomar, 2001). Nesting and roosting in an urban 

environment could reduce the risk of predation, hence the Cattle Egrets utilisation of different 

environments to accommodate their needs (Palmoar, 2001, Toloa et al., 2017).  

It is therefore difficult to define populations of Cattle Egrets as a singular rural or urbanized 

population. Patankar et al., (2017) attributes the Cattle Egrets as being the most successful of 

the egret species due to their versatility in feeding and non-specificity for a nesting location 

spanning across rural, urban and agro-ecosystems.  

 

1.7 Justification 

Current political issues in Lanzarote have resulted in attempts at inhumanely removing the 

colony of Cattle Egrets from Arrecife (Palomar, 2001, SEO/ Birdlife, 2018). This coupled 

with the fact that some individuals working in the agricultural sector have been influenced to 

cull Cattle Egrets has led to a widespread negative perception of the species with no scientific 

evidence to support their claims. This study will provide a basis for which further, much 

needed research can build upon and contribute towards the conservation of Cattle Egrets in 

Lanzarote.     

 

1.8 Aims 

The aims of this study are to answer the following questions regarding Cattle Egrets in 

Lanzarote: 

Is there an association between Cattle Egrets and a roaming, grazing herd? 

 As there is no research on the association between Cattle Egrets and herds in 

Lanzarote it cannot be determined whether there is a commensal or mutualistic 

relationship between both species. Previous studies differ on the relationship 

observed (Seedikkoya et al., 2005, Della Bella & Azevedo-Junior, 2004), 

therefore it appears both the location and species influence how the Cattle 
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Egrets utilise their herd. This study aims to provide an answer on the 

relationship between Cattle Egrets and herds in Lanzarote.  

 

To determine if the environment has a significant impact on the behaviour of Cattle 

Egrets, focusing on if there are differences between behaviours displayed in a rural 

and urban environment. 

Increasingly research suggests behavioural modifications occur between 

wildlife in an urban environment and their rural counterparts (Lowry, Lill & 

Wong, 2013). 

This study aims to see if there is a difference between Cattle Egrets’ behaviour 

between environments’ despite originating from the same colony.  

 

 

1.9 Hypotheses 

H₀: Cattle Egrets have a commensal relationship between mixed sheep and goat herds 

in Lanzarote. 

H₁: Cattle Egrets do not have a commensal relationship between mixed sheep and 

goat herds in Lanzarote. 

H₀: Cattle Egrets have a mutualistic relationship between mixed sheep and goat herds 

in Lanzarote. 

H₁: Cattle Egrets do not have a mutualistic relationship between mixed sheep and 

goat herds in Lanzarote. 

H₀: There will be significant behavioural differences in Cattle Egrets at a desert 

location as opposed to an urban location.  

H₁: There will be no significant behavioural differences in Cattle Egrets at a desert 

location as opposed to an urban location. 
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2. Methods 
 

 
 
Study locations: 
 

 

2.1 Study locations 

A week commencing on the 25th June 2018 was dedicated to exploring the proposed study 

area and deciding on the feasibility of conducting research on Cattle Egrets accompanying 

goat herds within the El Jable desert. Taken into account were factors including permission 

from farmers to follow their herd, ease of access to the farm and the reliable presence of 

Cattle Egrets accompanying a specific herd. Once this was established it was decided to split 

observations between two sites: a farm located in the El Jable desert (N29⁰3’30.55”, 

13⁰35’32.50”) and a reserve for Cattle Egret nesting in Arrecife beside the government 

buildings (N28⁰57’30.19”, 13⁰33’41.64”). The distance between the two study sites is 

12.8km.  

Observations alternated between the locations, in accordance with the days the shepherd 

walked the herd, (combination of 80-100 goats and sheep) thus enabling observations to be 

Figure 5. A, B & C: (A) Satellite image of farm located in the El Jable desert where observations took place. (B) 
Satellite image of bird reserve in Arrecife where observations took place. (C) Overview of the island of Lanzarote, 
highlighting individual observation locations. (Google maps, 2019).   
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recorded on a daily basis regardless of location, allowing for a greater data set. It also 

introduced a new variable: the ability to compare between environments; a rural open area 

and an isolated urban reserve. It would also help highlight the impact of the presence of the 

goat and sheep herd on Cattle Egret behaviour.  

  

From the 3rd of September to the 28th of September 2018 behavioural observations were 

conducted between the two sites.  

The reserve in Arrecife was located at the edge of the city centre. The reserve consisted of a 

rectangular dirt area, scattered with trees utilised for nesting, enclosed by metal fencing. The 

reserve was surrounded by urban structures including the government buildings, a car park 

which wrapped around two sides of the reserve and the remaining side which was next to a 

main road. There was also a car park, bus station and park in the vicinity.  

The other site El Jable is a semi-desert habitat composed of a dry landscape formed from 

organic sand formations brought in by winds from the Sahara Desert with a random 

distribution of shrubs and plant life (Rodríguez, 1999, Zöller, von Suchodoletz & Küster, 

2003). There are several goat farms located on the outskirts of the desert which utilise the 

area for grazing. The area is also used for birding tours.  

 

2.2 Pilot study 

A pilot study was conducted which was used to design an ethogram, with reference to 

previous studies (Katajamaa, Larsson, Lundberg, Sörensen & Jensen, 2018, Mock, 1976, 

Vahl, van der Meer, Weissing, van Dullemen & Piersma, 2005, Choi, Kwon & Yoo, 2008). 

Consequently, it was determined that observations should be recorded in three-minute 

intervals, a minute for behavioural observations, followed by two minutes dedicated to 

keeping in pace with the herd. This was crucial as the minute collecting data allowed the herd 

to walk a significant distance whilst the observers had to stop.  

These timings would also be applied to the site at Arrecife as would the average time the herd 

started walking to keep variables as similar as possible between the two sites. 
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Behaviour Definition of behaviour  
Flying 
 

 

Use of wings to move through the air, with 
the wings either flapping or used to assist 
gliding (Mock, 1976). 

Walking Standing in an upright position with 
movement at regular pace by lifting and 
setting each foot down in turn, both feet are 
not off the ground at once (Katajamaa, 
Larsson, Lundberg, Sörensen & Jensen, 
2018). 

Vigilance  Remaining in a single area with head 
pointed upwards either motionless or with 
an occasional scanning motion of the head 
(Vahl, van der Meer, Weissing, van 
Dullemen & Piersma, 2005).  

Leaning stationary The head is leaning forward and down 
almost parallel with the body with the legs 
stationary (Choi, Kwon & Yoo, 2008).  

Leaning whilst walking  The head is leaning forward and down 
almost parallel with the body whilst in a 
walking motion (Choi, Kwon & Yoo, 2008). 

Pecking Strike forward with the beak to bite (Vahl, 
van der Meer, Weissing, van Dullemen & 
Piersma, 2005). 

Running Standing in an upright position with 
movement at regular pace by lifting and 
setting each foot down in turn, both feet are 
not off the ground at once. At a faster pace 
than walking (Katajamaa, Larsson, 
Lundberg, Sörensen & Jensen, 2018). 

Table 1: A list of behaviours that were used for data collection. 

Figure 7: Cattle 
Egret displaying 
vigilant behaviour.  
(John Fox, 2019). 

Figure 6: Cattle Egret displaying flying behaviour.  
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2.3 Behavioural observations 

El Jable desert site 

Prior to observations the date, time and location were recorded. During observations the 

number of Cattle Egrets present were noted as were any external factors such as weather 

conditions. 

Focal sampling was performed on a random individual using binoculars, this ensured the 

observer could keep a distance so as not to alter the behaviour of the Cattle Egrets 

(Fernandez, Shi & Li, 2017). A stop watch was used to track the one-minute observation slots 

and the 2 minutes allotted between observations for keeping in pace with the herd. An 

assistant recorded the occurrence of behaviours recalled by an observer onto a tally-based 

data sheet. The presence of an assistant enabled ease of observing whilst maintaining pace 

with the herd. Behaviours on the data sheet included flying, walking, vigilance, leaning 

stationary, leaning walking, pecking, running and out of view. Each behaviour displayed 

during the observation period was noted on the data sheet. 

Data recording began at the arrival of the Cattle Egrets to the farm and continued throughout 

the duration of the herd walking until arrival back at the farm. Data continued to be collected 

whilst the Cattle Egrets were present at the farm until they departed. The walking time of the 

herd alternated as did the routes taken but on average the departure of the herd occurred 

between 10am and 11am and the duration of walking was between 2-4 hours.  

Figure 8. A and B: Observer taking behavioural observations using binoculars (A). Goat and sheep herd grazing with 
cattle egrets flying overhead and resting on the back of a sheep (B). 
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Arrecife reserve 

The same methodology was applied to the reserve at Arrecife, including start times of 

observations to keep variables as similar as possible. Observations lasted longer at this site in 

order to gain more data.  

To collect sufficient data, observations occurred at 10am, in keeping with the herds walking 

time so as to keep variables as similar as possible. The same procedure as the desert occurred 

(Focal sampling at three-minute intervals with observations lasting for one minute within 

each interval). The observer sat out of sight in the cover of trees so as to reduce the impact of 

their presence on the Cattle Egret behaviours (Fernandez, Shi & Li, 2017). 

 

2.4 Science communication leaflet 

In support of the research a science communication leaflet was produced in collaboration 

with the Desert Watch conservation group. The bilingual leaflet provides information on 

identifying Cattle Egrets, their habitat, threats to them on the island and an overview of the 

work Desert Watch conducts in Lanzarote. The purpose of the leaflet was to enable both 

locals and tourists to learn about the Cattle Egrets on the island, with the aims of educating 

and potentially improve the reputation of Cattle Egrets in Lanzarote. The information in the 

leaflet was collated from our recorded observations and peer reviewed scientific papers.  

 

 

 

Figure 9. A and B: Views of the Arrecife bird reserve. (A) View of the external area surrounding the reserve with observer 
taking behavioural observations. (B) A view of the internal area of the reserve.  
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2.5 Data Analysis 

Behaviours recorded for each time slot were divided by the total number of behaviours being 

observed to convert the frequency of behaviours to the proportion of time behaviours were 

observed. SPSS statistics version 25, was used to perform statistical analysis of data. A two-

way ANOVA test was conducted to determine the effect location and type of behaviour had 

on the proportion of time behaviours were displayed. A P value of <0.05 was used to 

determine a statistical significance. An independent t test was conducted on each individual 

behaviour to determine if there was a significant difference in individual behaviours between 

both locations. Results were tested against a Bonferroni-adjusted alpha level of 0.007 (0.05/7) 

to reduce the chance of obtaining type 1 errors. 
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3. Results 
 
 
The normality of the proportion of time behaviours were displayed across the desert and 

urban location was assessed. The Shapiro-Wilk test indicated the proportion of time 

behaviours were displayed were normally distributed across both locations p>0.05. A 

Levene’s test for equality of variances indicated all behaviours had equal variances of  

p >0.05. 

 
3.1 Two-way ANOVA test 

A two-way ANOVA was conducted to examine the effect of location and type of behaviour 

on the proportion of time that the behaviour was observed. There was a statistically 

significant interaction between location and behaviour, F(7, 80) = 5.643, p < 0.001. 

 

 

Graph 1: Line graph displaying the estimated marginal means of proportion of time behaviours were displayed at both the desert 
and urban location.  
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Table 2 
 
 

 
 
3.2 Independent t test 

An Independent t test was conducted to determine any significant difference between 

proportion of time each individual behaviour was displayed at the desert and urban location 

and tested against a Bonferroni-adjusted alpha level of 0.007 (0.05/7). Behaviours that 

showed a statistical significant difference were flying [t(10) = 7.16, p= 0.001] and leaning 

stationary [t(10) = -3.53, p= 0.006]. 

Whereas walking [t(10) = -1.69, p= 0.122], vigilance [t(10) = -1.22, p= 0.252], leaning 

walking [t(10) = 0.45, p= 0.663], pecking [t(10) = -0.77, p= 0.461] and running [t(10) = 2.79, 

p= 0.019] all showed no significant difference in proportion of time across the desert and 

urban location. The Levene’s test for equality of variances indicated all behaviours had equal 

variances assumed of p>0.05.  

 
 
 
 
 
 
 
 

Behaviour Location M SD Range  
Flying Desert 22.15 4.59 13.69 
Flying Urban 5.44 2.82 6.79 
Walking Desert  17.40 4.65 11.34 
Walking  Urban 21.52 3.31 6.42 
Vigilance Desert 27.93 7.01 21.12 
Vigilance Urban 34.84 12.76 32.47 
Leaning stationary  Desert 2.86 1.41 4.15 
Leaning stationary  Urban 6.43 2.11 4.86 
Leaning walking Desert 4.2 1.77 5.41 
Leaning walking Urban 3.71 2.04 4.59 
Pecking Desert 10.35 3.41 8.82 
Pecking Urban 11.84 3.22 7.07 
Running Desert  4.31 1.11 3.04 
Running Urban 2.29 1.4 2.87 

Table displaying the mean (M), standard deviation (SD) and range of behaviours. 
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3.3 Graphs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Graph 3: Bar chart displaying the number of Cattle Egrets present during each observational session in the 
desert and urban location.  

Graph 2: Boxplots displaying the distribution of data with outliers for each behaviour in both the desert and urban location.  
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4. Discussion 

 

Observations between the interaction of the Cattle Egrets and mixed sheep and goat herd 

suggests a commensal relationship exists. During behavioural observations notes were made 

on any interaction between the three species. The interaction between the Cattle Egrets and 

herd consisted of the Cattle Egrets walking amongst the herd and pecking at insects disturbed 

by the herds movement from the substrate. During observations there was only one occasion 

recorded in which behaviour between the Cattle Egret’s and the herd differed, when several 

Cattle Egrets perched on the backs of sheep within the herd. Environmental factors may have 

been a factor for this observed interaction as it occurred on the hottest day recorded over the 

period that behavioural observations occurred. Seedikkoya, Azeez & Shukkur (2005) and 

Burger & Gochfeld (1993) studies support the observations of this research as they found a 

commensal relationship between Cattle Egrets and cattle in India and Africa. We can 

therefore reject the hypothesis that a mutualistic relationship exists between Cattle Egrets and 

mixed sheep and goat herds in Lanzarote. This hypothesis was rejected as there were no 

observations of the Cattle Egrets preying on ectoparasites from the herd species as has been 

observed in several studies (McKilligan, 1984, Della Bella & Azevedo-Junior, 2004). 

The observations therefore suggest the population of Cattle Egrets in Lanzarote use walking 

herds as part of the optimal foraging theory (Burger & Gochfeld, 1993). In comparing 

previous studies, it appears both location and herd species have an impact on the Cattle 

Egrets utilisation of its associating herd. Burger & Gochfeld (1993) found that Cattle Egrets 

are selective in which ungulate species they associate with, and in Kenya they are known to 

disregard particular species altogether.  

A two-way ANOVA determined location had a significant relationship with the proportion of 

time behaviours were displayed. Therefore, the hypotheses that there are significant 

behavioural differences in Cattle Egrets at a desert location as opposed to an urban location 

can be accepted.  

 It transpired the behaviour with the biggest significant difference between both locations was 

flying. Flying was significantly more prominent in the El Jable desert than in the Arrecife 

reserve. The reserve in Arrecife was confined to an area with a considerably smaller range 

and therefore flying within the reserve itself was limited. Flying to the herd when they were 

released from the farm and dispersing once the herd arrived back to the farm after walking 

also contributed to time spent flying in the desert location. A significant portion of the time 
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flying at the desert site was to aid the Cattle Egrets in keeping pace with the walking herd. 

Lin et al., (2012) states flight initiation distance is commonly reduced in an urban 

environment. Therefore, if this theory applies to Cattle Egrets in Lanzarote we can suggest 

this may contribute to the low levels of flying observed at the site in Arrecife as they are less 

sensitive to frequently occurring stressors in this environment (Moller, 2008).   

Cattle Egret numbers were consistently lower at the Arrecife site during behavioural 

observations (see graph 3). This may be attributed to Cattle Egrets travelling large distances 

to rural areas to forage during the day which is supported by the findings of Toloa, Kibuule, 

Blasberg & Pomeroy (2017). Observations coincided with the time of day a large proportion 

of Cattle Egrets were absent from the colony. This is also dependent on the time of year as a 

follow up visit in February during breeding season presented a significantly larger population 

of Cattle Egrets in the Arrecife reserve than what was recorded in both Arrecife and the 

desert site in September. The main factors responsible for group formations in heron species 

are predation and enhanced energy acquisition (Parkes, 2007). 

Greater Cattle Egret numbers present within the desert may also have contributed to the 

proportion of time dedicated to vigilance. Seedikkoya, Azeez & Shukkur (2005) suggests 

intraspecific association between Cattle Egrets foraging near a herd can provide benefits to 

the group such as improved vigilance, hence reducing time dedicated to vigilant duties for 

individuals. Fernandez et al., (2014) found that solitary Cattle Egrets displayed the highest 

mean time of vigilant behaviours and those accompanying a herd species displayed 

significantly less vigilant behaviours. These studies findings are reflected in the results of this 

research.  

Vigilance had the highest mean in both locations when compared to the other behaviours 

exhibited. Although a significant difference in vigilance was not found between both sites, 

the largest range and highest standard deviation is attributed to vigilance at the Arrecife 

reserve. This can be partially attributed to the fact there is significantly less Cattle Egrets 

present at the urban site during observations. As previously mentioned a high occurrence of 

vigilant behaviours can be a direct consequence of a limited number of individuals to share 

vigilant duties to reduce predatory attacks (Ward & Low, 1997, Seedikkoya, Azeez & 

Shukkur, 2005, Fernandez et al., 2014,). Ward & Low (1997), further supports this statement 

with observations in a population of American Crows (Corvus brachyrhynchos) in an urban 

environment indicating group size was the biggest contributor towards a large variability in 

vigilance. This is reflected in our findings as there was a considerable standard deviation and 

range in vigilance data from the urban site.  
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The only other behaviour alongside flying to have a statistical significant difference between 

locations was leaning stationary. This foraging behaviour reduces energy expenditure, 

scanning for prey without the need to make unsuccessful energy costly prey capture attempts. 

A significantly lower rate of the standing leaning behaviour was observed at the desert site. 

These results are to be expected as the ability to be static scanning for prey is challenging 

amongst a continuously moving herd. On occasions where the shepherd stopped the herd 

walking for a rest it presented the opportunity for this behaviour to be displayed. The urban 

site however presents less disruptions for this behaviour to occur, creating a significant 

difference in the behaviours. Choi, Kwon & Yoo, (2008) research supports these findings as 

they discovered the standing leaning behaviour is the best approach for finding hidden or 

cryptic prey. It can be suggested this behaviour is more prevalent at the urban site due to a 

higher likelihood of hidden prey. Cattle Egrets utilise the herds ability to disturb the substrate 

and expose insects at the desert site, hence making standing leaning behaviour significantly 

redundant as prey is not hidden. In a study comparing foraging behaviours of five heron 

species Cattle Egrets had a high mean value of standing leaning behaviour in comparison to 

two of the other heron species (Choi, Kwon & Yoo, 2008). 

As can be expected in relation to these results leaning walking had a higher mean value at the 

desert site than leaning stationary, as this prey scanning behaviour incorporates the ability to 

move with the herd. Although a significant difference was not found between the two 

locations for this behaviour. 

Pecking which is positively correlated with prey capture (Chaskda et al., 2018) did not have a 

significant difference between locations. As the sole purpose of travelling to the desert site 

was to forage alongside a herd the presumption was that the proportion of time spent pecking 

would be significantly greater at the desert site. Lowry, Lill & Wong (2012) provide an 

explanation, as although an urban environment has a high volume of disturbance variables 

which can negatively affect foraging efficiency, urban habitats have a reliable food 

availability unlike fluctuations in rural areas.   
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4.1 Limitations 

 

As the subject animal was wild in a wild setting not all variables could be controlled: 

 

The presence of natural predators at both sites could have impacted the Cattle Egret’s 

behaviour, impacting data reliability. A working dog accompanied the sheep and goat herd 

whilst a cat often frequented the reserve in Arrecife. The influence of predators is not only 

adverse in causing fatalities, but their presence has been proven to have indirect implications 

altering the behaviours, foraging patterns and habitat use of prey animals (Beckerman, Boots 

& Gaston, 2007). Although interactions never occurred between the Cattle Egrets and dog or 

cat research has shown local wildlife do not become habituated to perceived predators (Banks 

& Bryant, 2007).   

On the external side of the fence surrounding the reserve in Arrecife a deceased juvenile and 

adult Cattle Egret were discovered during data collection. As the cause of death is unknown 

there may be a threat to the colony that we are currently unaware of. The threat could be 

present outside of the times behavioural observations occurred, which could be affecting both 

the welfare and behaviour of the Cattle Egrets. 

The corpses lay for several days before removal. Observations have shown crows, magpies 

and ravens (Bekoff, 2009) display behaviours that could indicate a grieving process in the 

presence of a deceased member of their species, which is widely documented in many 

mammals (Brooks, 2013, Gillespie, 2016). Although grief in animals is widely debated in the 

scientific community, until we can prove otherwise, it cannot be dismissed that Cattle Egrets 

may have emotional and behavioural reactions to the presence of deceased colony members, 

therefore affecting data collected.  

The supplementation of food and water provided by car park attendants nearby at the 

Arrecife reserve may have impacted data collected. Tieleman & Williams (2002) concluded 

that food and water supplementation to Hoopoe-larks (Alaemon alaudipes) in the Arabian 

Desert had significant impacts on their allocation of to time to certain behaviours, with 

decreased foraging time and an increase in resting and preening. Australian magpies 

(Gymnorhina tibicens) that utilised feeding stations altered their breeding season to earlier in 

the year in contrast to their counterparts relying solely on natural resources (Lowry, Lill & 

Wong, 2013). Similarly, a study suggested supplemented food to Great tits (Parus major) 

affected the timing of males’ dawn chorus hence potentially affecting their reproductive 

success (Saggese, Korner-Nievergelt, Slagsvold & Amrhein, 2011, Lowry, Lill & Wong, 
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2013). Although this is an understudied area, concerning Cattle Egrets literature on different 

bird species suggests the provision of food has the potential to significantly affect behaviour.  

 Limitations present themselves in the form of a high volume of ‘out of view’ observations 

recorded at both sites. Factors contributing to this were difficult to control. The Cattle Egrets 

dispersed amongst the herd, often foraging amongst their feet in a dense population of goats 

and sheep. The observer kept at a distance to prevent any alteration in the Cattle Egrets 

behaviour (Fernandez, Shi & Li, 2017) however, this made it difficult to keep Cattle Egrets in 

sight amongst the herd. Walking through the herd was not an option as it was important to the 

shepherd to prevent disruption to the herd and logistically it was difficult manoeuvring 

through a walking herd.     

In the urban environment ‘out of view’ observations were recorded when trees within the 

reserve often blocked the sight of the observer. The east side of the reserve was the only 

viable option for the observer to conduct observations and therefore attempts to rectify ‘out 

of view’ obstacles were futile.  

Basing findings on herd association on the only mixed herd composed of sheep and goats on 

the island does not accurately represent the islands predominant goat herds. Conclusions 

therefore cannot be drawn on the relationship between sheep and Cattle Egrets or goats and 

Cattle Egrets. Observations were based solely on the behaviour of the Cattle Egret regardless 

of the host species it was accompanying within the mixed herd.   

The walking schedule of the goat and sheep herd varied weekly with different routes and 

length of time taken. Dependent on the shepherd these variables could not be controlled. 

Unpredictable herd departure walking times presented difficulties for planning weekly 

observation schedules. Daily walking times differed as did days of the week in which the 

herd would walk. Therefore there was a variation of days and times which could potentially 

introduce new factors that impact Cattle Egret behaviour.  
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4.2 Further research  

 

A greater number of Cattle Egrets could give a wider range of behavioural responses at 

different times of the year. In a follow up visit in February to Lanzarote there was a 

significant increase in the volume of individuals in the colony as it coincided with breeding 

season. A significant limitation was the time constraints for the research and data collection 

being limited to a week in August and the month of September 2018. Short term studies can 

be beneficial however there are elements of behaviour that can only be assessed over longer 

term studies. These include: the link between life history stages; lifetime fitness measures; 

reproductive ecology; the dynamics of social groups and determining links between 

generations (Clutton-Brock & Sheldon, 2010). Conducting research on a longer term basis 

would enable a greater understanding of Cattle Egret behaviour and ecology in Lanzarote. 

The results of this could go some way in determining a solution for their poor reputation with 

locals. Expanding the research time scale would provide a greater behavioural repertoire to 

analyse as it would include seasonal behavioural variations such as breeding season and that 

of juveniles (Fujioka, 1985).  

Previous studies show that weather variation affects the behaviour, distribution and 

population dynamics of birds (Geiser, Arlettaz & Schaub, 2008). It is also possible that 

weather impacts the behaviour of Cattle Egrets. The hottest day recorded whilst observations 

were conducted in the desert, was the only day Cattle Egrets were observed perched on the 

backs of sheep. This may be because of an increase in the temperature of the substrate they 

forage within. A longer-term study could take into account different seasonal variations and 

give a larger repertoire of behaviours with herd association. A study of this nature would also 

contribute to an increasingly important study area concerning climate change and the 

response of birds in relation to it (Crick, 2004, Geiser, Arlettaz & Schaub, 2008).  

To further improve a longer-term study Cattle Egrets could be studied on a larger scale to 

include their interactions across Lanzarote. This would include behavioural observations at 

all known sites Cattle Egrets frequent including: accompanying herds, the colony at Arrecife, 

landfill site at Zonzamas and outside metropolitan establishments at Costa Teguise. In doing 

so research could be published on Cattle Egrets across the entirety of the island, with a 

greater in-depth analysis and understanding in comparing their behaviour across all 

environments they inhabit.  
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4.3 Conclusion  
 
From the formation of the Cattle Egret colony in 1988 (Palomar, 2001) in Arrecife until 

present they have become an incredibly successful species in Lanzarote by utilising a variety 

of habitats. With the growth in Cattle Egret population size came a persecution towards the 

species, as they have been regarded as a public nuisance. Following several attempts to cull 

and remove the colony from the island a better understanding of the species and its ecology 

in Lanzarote is necessary. This study aimed to provide a basis for which further research can 

be developed. Our findings show there is a significant relationship between the proportion of 

time behaviours are displayed between a desert and urban habitat. To optimise foraging 

productivity, Cattle Egrets alter their behaviours between habitats to fully utilise the varying 

features different habitats offer. With urban environments ever expanding it is important to 

understand the affect this will have on local wildlife. This study can also contribute towards 

agricultural literature in Lanzarote. Our findings suggest Cattle Egrets have a commensal 

relationship with a mixed goat and sheep herd in the El Jable desert. From these findings 

there is a vast amount of further research that can be conducted on Cattle Egrets in Lanzarote. 

In light of the recent felling of trees in Arrecife with the intention of displacing the colony, 

further research is crucial to educate both locals and tourists to help restore the reputation of 

Cattle Egrets in Lanzarote. A science communication leaflet was produced (Appendix A) to 

contribute to this cause. 
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 D
e

s
c

rip
tio

n

The Cattle Egret (Bubulcus
ibis) derives its nam

e 
from

 its behaviour of spending tim
e alongside 

livestock. In Lanzarote the cattle egret utilises herds 
of goats and sheep found grazing in the El Jable
desert and dem

onstrate their prom
inent behaviour of 

foraging alongside a m
oving herd. The m

ovem
ent of 

the herd disturbs insects in the substrate and by 
staying in close proxim

ity to the herd it decreases 
tim

e and energy spent foraging.

Observations from
 the El Jable

desert suggests the 
cattle egrets becom

e accustom
ed to the tim

es herds 
leave their farm

s as they have been observed 
gathering beside farm

s prior to the herds w
alking 

and dispersing on arrival back to the farm
. 

They can also be found in Arrecife
at their breeding 

grounds in colonies.
As opportunistic feeders they often gather at the 
landfill site in Zonzam

as. 

Id
e

n
tify

in
g

 fe
a

tu
re

s
 

•
Non-breeding season: W

hite plum
age, hunched 

posture, yellow
 bill w

ith grey and yellow
 

colouration legs.
•

Breeding season:Orange coloured plum
age 

distributed on the crow
n, breast and back along 

w
ith an orange/ yellow

 colouration of the bill 
and legs.  

•
Juveniles:W

hite plum
age, black bill and black 

legs.
•

Sexual dim
orphism

: Adult m
ales are slightly 

larger than fem
ales.

T
h

re
a

ts
 

A protected species listed on the IUCN Red list, 
status of least concern due to a w

idespread 
prom

inence globally.
How

ever population num
bers can be im

pacted in 
Lanzarote due to hum

an interference, including 
fatalities via road traffic, ingestion of litter and 
insects exposed to pesticides. 
Protecting their breeding grounds in Arrecife

w
ill 

help m
aintain the species population on the island.

D
e

s
c

rip
c

ió
n

La garcilla bueyera (Bubulcus
ibis) deriva su nom

bre 
de su com

portam
iento de pasar tiem

po junto al 
ganado. En Lanzarote, la garcilla bueyera utiliza 
rebaños de cabras y ovejas que se encuentran 
pastando en el desierto de El Jable y dem

uestra su 
com

portam
iento prom

inente de forrajeo junto a un 
rebaño en m

ovim
iento. El m

ovim
iento del ganado 

perturba a los insectos que hay en las arenas ,y al 
perm

anecer cerca del rebaño ahorra energía y 
tiem

po en su búsqueda de alim
ento.

Las observaciones desde El Jable de Soo
sugieren 

que estas garcillas se habitúan a los tiem
pos que 

em
plean los rebaños fuera de sus granjas, ya que se 

les puede observar a las puertas de los corrales 
antes de que los rebaños em

piecen a cam
inar y 

acom
pañarlos hasta su regreso, m

om
ento en que 

se dispersan.

Tam
bién se pueden encontrar colonias de garcillas 

bueyeras en Arrecife en su área de reproducción 
(proxim

idades del  Cabildo Insular), y com
o  aves 

oportunistas que son, frecuentan el  vertedero de 
Zonzam

as.

Id
e

n
tific

a
n

d
o

c
a

ra
c

te
ris

tic
a

s

•
Tem

porada
no reproductiva: plum

aje
blanco, 

postura
encorvada, pico

am
arillo

con patas
de 

coloración
gris

y am
arilla.

•
Época

reproductiva: plum
aje

de colornaranja
distribuido

en
la corona, el pecho

y la espalda, 
junto con una

coloración
naranja

/ am
arilla

del 
pico

y las piernas.
•

Juveniles:plum
aje

blanco, pico
negro y patas

negras.
•

D
im

orfism
o

sexual: los
m

achos adultos
son un 

poco
m

ás
grandes

que las hem
bras.

Am
enazas:

Este ave está incluida en la Lista Roja de 
Especies Am

enazadas de UICN, pero no se le da 
la im

portancia que tiene debido a su extensa 
presencia a nivel m

undial.
Sin em

bargo, la población de garcillas bueyeras 
en Lanzarote podría verse reducida debido a la 
interferencia hum

ana,  atropellos en carreteras 
y la ingestión de basura e insectos expuestos a 
pesticidas.
La protección de sus áreas de reproducción en 
Arrecife ayudará a m

antener la población de 
especies en la isla.

(John Fox, 2019)

(John Fox, 2019)
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Appendix B: Example of data collection sheet  
 
Location: 
 

 
Notes: 
 
 
 

Time  Flying  Walking Vigilance Leaning 
stationary 

Leaning 
walking 

Pecking  Running  Out 
of 
view  

         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
Total          
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Appendix C: SPSS output  
 
 
 

 
 

Tests of Normality 
 Behaviours 

displayed 
Kolmogorov-Smirnova Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 
Proportion of time 
behaviours were 
displayed 

Flying .184 12 .200* .895 12 .135 
Walking .143 12 .200* .962 12 .815 
Vigilance .193 12 .200* .926 12 .342 
Leaning stationary .145 12 .200* .937 12 .464 

Leaning walking .164 12 .200* .949 12 .618 
Pecking .238 12 .060 .917 12 .261 
Running .191 12 .200* .904 12 .176 
Out of view .227 12 .088 .723 12 .001 

*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 

 

 
 

Descriptive Statistics 

Dependent Variable:   Proportion of time behaviours were displayed   

Behaviours displayed Location Mean Std. Deviation N 
Flying Desert 22.1486 4.59753 7 

Urban 5.4400 2.82951 5 
Total 15.1867 9.40557 12 

Walking Desert 17.3929 4.64910 7 
Urban 21.5180 3.30578 5 
Total 19.1117 4.50282 12 

Vigilance Desert 27.9286 7.00572 7 
Urban 34.8480 12.75943 5 
Total 30.8117 9.93313 12 

Leaning stationary Desert 2.8643 1.41557 7 
Urban 6.4260 2.11363 5 
Total 4.3483 2.46600 12 
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Leaning walking Desert 4.2029 1.76521 7 
Urban 3.7080 2.04198 5 
Total 3.9967 1.81129 12 

Pecking Desert 10.3457 3.41439 7 
Urban 11.8440 3.22333 5 
Total 10.9700 3.27601 12 

Running Desert 4.3057 1.11175 7 
Urban 2.2880 1.40462 5 
Total 3.4650 1.57197 12 

Out of view Desert 10.8143 4.09963 7 
Urban 13.9340 12.57805 5 
Total 12.1142 8.32334 12 

Total Desert 12.5004 9.43848 56 
Urban 12.5008 12.09111 40 
Total 12.5005 10.56373 96 

 

 
 

Tests of Between-Subjects Effects 
Dependent Variable:   Proportion of time behaviours were displayed   

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

Corrected Model 8397.587a 15 559.839 20.324 .000 
Intercept 14584.625 1 14584.625 529.462 .000 
Behaviour 7329.199 7 1047.028 38.010 .000 
Location 3.601E-6 1 3.601E-6 .000 1.000 
Behaviour * 
Location 

1088.065 7 155.438 5.643 .000 

Error 2203.691 80 27.546   
Total 25602.528 96    
Corrected Total 10601.278 95    
a. R Squared = .792 (Adjusted R Squared = .753) 
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Multiple Comparisons 
Dependent Variable:   Proportion of time behaviours were displayed   
Tukey HSD   

(I) Behaviours 
displayed 

(J) Behaviours 
displayed 

Mean 
Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 
Lower 
Bound 

Upper 
Bound 

Flying Walking -3.9250 2.14267 .601 -10.5943 2.7443 
Vigilance -15.6250* 2.14267 .000 -22.2943 -8.9557 
Leaning stationary 10.8383* 2.14267 .000 4.1691 17.5076 
Leaning walking 11.1900* 2.14267 .000 4.5207 17.8593 
Pecking 4.2167 2.14267 .510 -2.4526 10.8859 
Running 11.7217* 2.14267 .000 5.0524 18.3909 
Out of view 3.0725 2.14267 .839 -3.5968 9.7418 

Walking Flying 3.9250 2.14267 .601 -2.7443 10.5943 
Vigilance -11.7000* 2.14267 .000 -18.3693 -5.0307 
Leaning stationary 14.7633* 2.14267 .000 8.0941 21.4326 
Leaning walking 15.1150* 2.14267 .000 8.4457 21.7843 
Pecking 8.1417* 2.14267 .007 1.4724 14.8109 
Running 15.6467* 2.14267 .000 8.9774 22.3159 
Out of view 6.9975* 2.14267 .033 .3282 13.6668 

Vigilance Flying 15.6250* 2.14267 .000 8.9557 22.2943 
Walking 11.7000* 2.14267 .000 5.0307 18.3693 
Leaning stationary 26.4633* 2.14267 .000 19.7941 33.1326 
Leaning walking 26.8150* 2.14267 .000 20.1457 33.4843 
Pecking 19.8417* 2.14267 .000 13.1724 26.5109 
Running 27.3467* 2.14267 .000 20.6774 34.0159 
Out of view 18.6975* 2.14267 .000 12.0282 25.3668 

Leaning stationary Flying -10.8383* 2.14267 .000 -17.5076 -4.1691 
Walking -14.7633* 2.14267 .000 -21.4326 -8.0941 
Vigilance -26.4633* 2.14267 .000 -33.1326 -19.7941 
Leaning walking .3517 2.14267 1.000 -6.3176 7.0209 
Pecking -6.6217 2.14267 .053 -13.2909 .0476 
Running .8833 2.14267 1.000 -5.7859 7.5526 
Out of view -7.7658* 2.14267 .011 -14.4351 -1.0966 

Leaning walking Flying -11.1900* 2.14267 .000 -17.8593 -4.5207 
Walking -15.1150* 2.14267 .000 -21.7843 -8.4457 
Vigilance -26.8150* 2.14267 .000 -33.4843 -20.1457 
Leaning stationary -.3517 2.14267 1.000 -7.0209 6.3176 
Pecking -6.9733* 2.14267 .034 -13.6426 -.3041 
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Running .5317 2.14267 1.000 -6.1376 7.2009 
Out of view -8.1175* 2.14267 .007 -14.7868 -1.4482 

Pecking Flying -4.2167 2.14267 .510 -10.8859 2.4526 
Walking -8.1417* 2.14267 .007 -14.8109 -1.4724 
Vigilance -19.8417* 2.14267 .000 -26.5109 -13.1724 
Leaning stationary 6.6217 2.14267 .053 -.0476 13.2909 
Leaning walking 6.9733* 2.14267 .034 .3041 13.6426 
Running 7.5050* 2.14267 .017 .8357 14.1743 
Out of view -1.1442 2.14267 .999 -7.8134 5.5251 

Running Flying -11.7217* 2.14267 .000 -18.3909 -5.0524 
Walking -15.6467* 2.14267 .000 -22.3159 -8.9774 
Vigilance -27.3467* 2.14267 .000 -34.0159 -20.6774 
Leaning stationary -.8833 2.14267 1.000 -7.5526 5.7859 
Leaning walking -.5317 2.14267 1.000 -7.2009 6.1376 
Pecking -7.5050* 2.14267 .017 -14.1743 -.8357 
Out of view -8.6492* 2.14267 .003 -15.3184 -1.9799 

Out of view Flying -3.0725 2.14267 .839 -9.7418 3.5968 
Walking -6.9975* 2.14267 .033 -13.6668 -.3282 
Vigilance -18.6975* 2.14267 .000 -25.3668 -12.0282 
Leaning stationary 7.7658* 2.14267 .011 1.0966 14.4351 
Leaning walking 8.1175* 2.14267 .007 1.4482 14.7868 
Pecking 1.1442 2.14267 .999 -5.5251 7.8134 
Running 8.6492* 2.14267 .003 1.9799 15.3184 

Based on observed means. 
 The error term is Mean Square(Error) = 27.546. 
*. The mean difference is significant at the 
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