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Abstract

Contact calls may function in various types of behaviour. Here it is examined how contact calls function in anti-predatory behaviour in fifteen species of Psittacinea in the Tambopata National Reserve in South-Eastern Peru. This is a family of birds consisting of Macaws, Parrots, and Parakeets. Contact calls may function against predation by creating a vocal connection between individual members in a group. This vocal connection creates group cohesion, thereby keeping group members close together and protecting them against predators. 

If contact calls indeed create group cohesion as a tool against predation, it is expected that they are heard more often in birds that are more vulnerable against predation. Therefore, it is expected that Psittacinae have a higher contact call frequency when they are flying compared to when they are perched, as flying birds are more visible to predators than those perched in the vegetation. And small species have a higher contact call frequency than large species, as small species are more vulnerable to predation due to their size. Additionally, contact call frequency is expected to depend on group size, if big groups need to call more to stay together than small groups. Furthermore group size may depend on the size of a species, if small vulnerable species stay in bigger groups for predator protection than large, less vulnerable species. 

It was found that Psittacinae call more during flight compared to when they are perched and that small species call more than large species. It was furthermore found that individual birds within a group call less as group size increases. It was not found that group size depends on the size of a species. Overall, the results presented here suggest that contact calls have an important role in anti-predatory behaviour in the fifteen species of Psittacinea studied here, by creating cohesion in a group. 
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1. Introduction

Birds display a variety of calls, which may function in various fields of behaviour. They may mediate social interaction between individuals, such as in parent-offspring communication, or in mate attraction [Wanker et al, 1998]. They can also have an important role in foraging behaviour, for instance when members of a group communicate to each other about a located food source [Beauchamp, 2002]. Furthermore, certain calls, such as alarm calls, can help bids to avoid predation [Bradbury, 2003].
Here the focus will be on calling behaviour in fifteen wild species of Psittacinae in the Tambopata National Park of South Eastern Peru. This bird family consists of Macaws, ‘true’ parrots’, and Parakeets. Psittacinae have often been studied for their vocal behaviour. These studies usually focus on vocal learning capacities in captive bird species [Hile and Striedter, 2000; Pepperberg, 1994]. It is often questioned how these capacities may help these species in the wild. However, only several studies on wild groups of parrots have been performed [Brightsmith, 2004; Fernández-Juricic et al, 1998; Gilardi and Munn, 1998; Kristosh and Marcondez-Machado, 2001;], as these groups often move rapidly through large areas, making them hazardous to study [Brightsmith, 2004]. 

When observing these fifteen species of Psittacinae in the wild, their large vocal repertoires become evident. One commonly heard call type are contact calls. These are calls that are exchanged by birds in order to establish a vocal connection between individual members of a group [Bradbury, 2003]. When examining the frequency of contact calls heard by a group of each species studied here, an overall common level of 15 calls per minute can be heard (figure 1). However, some species appear to call at frequencies different from this common level (e.g. 4, 5, 13, 14, and 15). This may be the result of differences between species, such as in individual size size, group size, and colour, thereby allowing us to relate them back to the function of contact calls. The question asked here is therefore: ‘What is the function of contact calls in Psittacinae?’ 
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Figure 1: Average frequency of contact calls heard per minute in fifteen species of Psittacinae in the Tambopata National Park, South-Eastern Peru. 
Contact calls can mediate social interactions between mates or family members in birds [Farabough et al., 1994, Wanker et al., 1998 & 2005; Sharp and Hatchwell, 2006]. They may do so by providing individuals with information about the location and identity of the caller [Sharp and Hatchwell, 2006]. However, in the fifteen species of Psittacinae observed here, contact calls are often heard during flight as well as non-flight. Since the above interactions are more likely to occur while birds are perched (sitting), contact calls may function in other fields of behaviour as well. Here, the function that contact calls may have in anti-predatory behaviour will be examined.


Contact calls may function against predation by creating a vocal connection between group members that mediates group cohesion and coordination [Bradbury, 2003; Fernández-Juricic et al., 1998]. Keeping a group close together and coordinated can protect individual against predation through dilution of risks and increased level of predator detection and avoidance [Lima, 1995]. An example of this was found in mixed-specied tit flocks, where contact calls maintained the spatial integrity of groups foraging in dense vegetation [Smith, 1977; Smith, 1991; in Krams, 2001]. Also the Puerto Rican Parrot (Amazona vittata) is thought to rely on vocal cues for flock cohesion and group coordination, as visual communication between these largely green parrots in a densely vegetated rainforest in not always feasible [Roberts, 1997]. 

The fifteen parrot species studied here are forest dwelling, and are often found moving through dense vegetation. Consequently, group cohesion through visual contact may be difficult, especially in green coloured species and small species. Therefore, a vocal connection through contact calls may be important to keep a group intact and protect them against their predators, which are usually raptors [Bradbury, 2003]. Flocking has been found to increase predation avoidance through enhanced predator detection and dilution of risk [Roberts, 1996]. It can also enhance physical defence against predation [Rabenold and Christensen, 1979]. Thus, even though it is often assumed that communication between forest birds is costly in terms of predation [Krams, 2001], it can aid in keeping a flock of birds close together, thereby actually protecting them against predation. 

Flocking can furthermore give its members benefits outside of the predation field. For instance, individual members of a flock can exploit the search effort of flock companions to locate resources [Mangel and Clark, 1986]. Foraging benefits are also enhanced through the increased predator detection and defence, as individual can devote a greater portion of their attention to feeding [Rabenold and Christensen, 1979]. These benefits compensate for certain costs associated with flocking such as increased competition over food resources and increased change of predator detection [Beachamp, 2002].

The focus here will be on the role of contact calls in group cohesion, as a tool against predation. Flocking against predation may be more common in species vulnerable to predation, such as small species and those moving through open habitats [Buskirk, 1976; Beauchamp, 2002]. Therefore, a standard level of contact calls in a group of parrots is assumed, which may vary according to several factors that influence vulnerability of that group, such as the group’s activity, the size of its individual group members, or the group’s size.

A group of birds is likely more visible to predators, and therefore more vulnerable, when it is flying than when it is perched. It is furthermore easier for a group to lose members during flight than when it is perched. Therefore, keeping group cohesion intact is more important during flight. It is therefore expected that Psittacinae will have a higher contact call frequency in flight than when perched.

Furthermore, small species are more vulnerable and more prone to predation than large species. This makes it more important to stay in a group for small than for large species, and therefore more important to keep group cohesion intact. It is therefore expected that small Psittacinae species have a higher contact call frequency than large species. Additionally, the frequency of calling may depend on the group size of these species, if larger groups call more frequently. Lastly, small species are expected to be in bigger groups than large species, since small species are more vulnerable and being a bigger group decreases the risks of predation [Lima, 1995].
2. Methods

Data collection was performed in the Tambopata National Reserve of Eastern Peru, an area with lowland rainforest interrupted by rivers and oxbow lakes. The proximity of a clay lick where daily soil consumption (geophagy) by Psittacinae occurs [Brightsmith, 2004], results in a high abundance of these birds. 

Methods of data collection were designed by and performed under the supervision of Alan Lee, an MPhil student from the Manchester Metropolitan University. He collects the data for his research on clay lick use in large Macaws and other Psittacinae species. More specifically, he looks at the effect of distance from the clay lick on the abundance of these birds. Only the collection method of the data relevant to the questions asked here, the call data, will be described.
Data collection

In order to investigate the aspects that influence the calling behaviour of the fifteen Psittacinae species and thereby the function of these calls, call data was collected. This was done at two observation points near the Posada Amazonas lodge, namely the tower and the lookout. From these points there was a clear view of the birds in order to observe their activity and record their calling behaviour. During observations, when too many groups were present at once and it was impossible to record them all, rarely seen species were recorded before commonly seen species.
Monitoring was usually performed from daybreak (5:00 to 5:30) until 11:00, a period with high activity of these species [Gilardi and Munn, 1998]. However, afternoon monitoring was sometimes also performed, usually from 15:15 till 17:00.

Data was recorded during events. An event started when a single bird or a group of birds was first detected. Upon detection, start time was recorded (e.g. 05:31:20), the bird group was given a unique event number, and all its call activity was recorded. When a group’s activity changed (e.g. from flying to perched), the group kept its event number but was assigned a new activity letter. (e.g. The third bird group of the day flies into view and is given event number 3 (3a). The group then perches, changing the event into 3b.) Upon each activity change time was recorded (eg. the start time of event 3b or end time of event 3a). With every activity change a group was assigned a new letter, until the group disappeared out of sight, changed number, or was lost track of, which ended the event. Also this end time was recorded. 


 Group size was recorded as the number of individuals in a group. A group was defined as: a collection of birds of the same species in which individuals are flying in the same direction and are no more than about 20 to 30 meters apart from their nearest neighbour; or a collection of perched birds in which individuals are no more than 50 meters apart in separate trees and vocalising together. 

Furthermore, different call types were recorded. The types are soft contact calls, loud contact calls, and alarm calls. Where possible, each call was recorded individually. However, when calls were indistinguishable (e.g. when a group of birds was very large and many birds were calling) and lasted for more than five seconds, calls were recorded as ongoing chatter every five seconds. For analysis here, soft and loud contact calls were grouped together as a general ‘contact calls’. Furthermore, alarm calls were excluded from the analysis, as their function in anti-predatory behaviour is already known.

Several limitations were present in the method of data collection. Bird groups of the same species were not distinguishable from each other, resulting in the possible double counting of groups. Furthermore, flying bird groups were easier to detect than perched groups, resulting in the possible bias of flying groups. Also larger species are easier to detect than smaller species, giving large species a bias. However, even though methods lack precision, error in the estimates made is small relative to variation between species, and thus data are useful for interspecific comparisons [Gilardi and Munn, 1998].

Species

Data was recorded for the following fifteen species (table 1). All of these species belong to a genus within the tribe Arini from the subfamily Psittacinae from the family Psittacidae from the order Psittaformes. For photos of the species see appendix 7.1. The Psittacinae contains Macaws, ‘true’ Parrots, and Parakeets. These terms are descriptive and do not imply a taxonomic link between species within a group. Macaws are generally the largest of all species, while Parrots are medium sized, and Parakeets are smallest. Furthermore, Macaws and Parakeets usually have long tails, while Parrots have short tails. 

	Table 1: Species

	Genus


	Scientific name
	Common name
	Code
	Weight (g) *

	Amazona
	Amazona farinosa
	Mealy Parrot
	MEPA
	800

	
	Amazona ochrocephala
	Yellow-crowned Parrot

	YCPA
	510

	Ara
	Ara ararauna
	Blue-and-yellow Macaw
	BYMA
	1125

	
	Ara chloroptera
	Red-and-green Macaw
	RGMA
	1250

	
	Ara macao
	Scarlet Macaw
	SCMA
	1015

	
	Ara severa
	Chestnut-fronted Macaw
	CFMA
	430

	Aratinga
	Aratinga leucophthalmus
	White-eyed Parakeet

	WEPA
	190

	
	Aratinga weddillii
	Dusky-headed Parakeet
	DHPA
	110

	Brotogeris
	Brotogeris cyanoptera
	Cobalt-winged Parakeet
	CWPA
	67

	Orthopsittaca
	Orthopsittaca manilata
	Red-bellied Macaw
	RBMA
	370

	Pionites


	Pionites leucogaster
	White-bellied Parrot
	WBPA
	155

	Pionopsitta
	Pionopsitta barrabandi
	Orange-cheeked Parrot
	OCPA
	140

	Pionus
	Pionus menstruus
	Blue-headed Parrot
	BHPA
	293

	Propyrrhura
	Propyrrhura couloni
	Blue-headed Macaw
	BHMA
	250

	Pyrrhura
	Pyrrhura rupicola
	Black-capped Parakeet
	BCPA
	62


· Gilardi and Munn, 1998
Statistics

In the statistical analysis of calling data collected here, all call types except alarm calls were taking together as a general ‘contact calls’. Data was organised and graphed using the program Excel and statistical analysis was performed wit SPSS. 


In order to test significant differences between flying and perched groups of birds, a Mann-whitey U test was used. Correlations were performed using the non-parametric Spearman rank test. Results were considered statistically significant only when α ≤ 0.05 (when the significance level was   0.1 ≥ α > 0.05, the result was considered a trend). 

Because it is hard to distinguish between individual bird calls when a groups gets too large and this could bias the results, statistics involving bird calls were not only performed for all bird groups, but also including only bird groups of up to five individuals (as this is considered the maximum number for which to be able to distinguish between individual bird calls).

3. Results

In the introduction, the average calling frequency per minute for a group of each of the fifteen Psittacinae species in the Tambopata National Reserve in South-Eastern Peru was given (figure 1). Figure 2 shows this same result and additionally defines for which species each average was found; which species belong to the Macaws, Parrots, and Parakeets; and the total number of groups observed for each species (N). Species are arranged according to weight on the x-axis, from the smallest species to the largest species.
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Figure 2: Average group call frequency (per minute) for each species, arranged from smallest (left) to largest species (right). (Total number of groups seen: BCPA, N = 78; CWPA, N = 378; DHPA, N = 43; OCPA, N = 25; WBPA, N = 93; WEPA, N = 25; BHMA, N = 13; BHPA, N = 190; RBMA, N = 41; CFMA, N = 256; YCPA, N = 65; MEPA, N = 238; SCMA, N = 122; BYMA, N = 16; RGMA, N = 239)

The weight distribution of the fifteen species can be seen in Figure 3 below. 
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    Figure 3: Mean weight (g) per species (Gilardi and Mun, 1998)


These results show that no clear differentiation between the Macaws, Parrots, and Parakeets can be made according to average calling frequency or mean weight, since results for the three groups overlap. Therefore, no further differentiation will be made between them. Instead Psittacinae are looked at as a whole.

The influence of group activity on the frequency of contact calls

A significant difference was found between the average call frequency of flying groups and perched groups when taking all species together (figure 4; All group sizes: flying groups: N = 1504, µ = 15 ± 7, perched groups: N = 319, µ = 4 ± 3 , Z =-19.040, p = .000; Group sizes 1 to 5: flying groups: N = 1142, µ = 16 ± 7,  perched groups: N = 268, µ = 4 ± 3, Z = -17.651, p = .000).  Flying groups have a significantly higher average call frequency than perched groups of parrots. 
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Figure 4: The average group call frequency per minute of flying and perched groups.

Before looking at this phenomenon for all species together, it was also investigated in all species separately (table 2). 

	Table 2: The average call frequency per group for flying and perched groups, statistically compared by Mann-Whitney U-test

	

	 Species

 
	Flying

mean (N)
	Perched

mean (N)
	Z

 
	U

 
	p

 

	BCPA
	21 ± 9 (48)
	6 ± 4 (30)
	-4.417
	 
	0.000

	CWPA
	16 ± 7 (362)
	8 ± 3 (13)
	-3.348
	 
	0.001

	DHPA
	15 ± 5 (41)
	30 ± 7 (2)
	 
	7.000
	0.050

	OCPA
	24 ± 9 (24)
	0 (1)
	
	0.000
	0.096

	WBPA
	19 ± 12 (41)
	5 ± 3 (50)
	-4.312
	 
	0.000

	WEPA
	15 ± 4 (25)
	0 (0)
	 
	 
	 

	BHMA
	15 ± 6 (12)
	0 (0)
	 
	 
	 

	BHPA
	18 ± 10 (140)
	4 ± 5 (49)
	-6.986
	 
	0.000

	RBMA
	15 ± 12 (40)
	1 (1)
	 
	4.000
	0.176

	CFMA
	17 ± 7 (220)
	4 ± 2 (36)
	-5.605
	 
	0.000

	YCPA
	15 ± 7 (61)
	1 ± 1 (4)
	-2.492
	 
	0.013

	MEPA
	15 ± 5 (222)
	4 ± 2 (14)
	-3.608
	 
	0.000

	SCMA
	8 ± 4 (72)
	2 ± 1 (50)
	-4.154
	 
	0.000

	BYMA
	9 ± 3 (14)
	2 ± 1 (2)
	 
	2.000
	0.057

	RGMA
	10 ± 4 (172)
	2 ± 2 (66)
	-7.829
	 
	0.000


     (Grey = not significant; for graphs of individual species see appendix 7.2) 

The table shows that for ten out of thirteen species, group call frequency was significantly higher when the group was flying compared to when it was perched. For two species (WEPA and BHMA) no perched groups were observed. For some species only one to four perched groups were recorded, which could make the statistical results unreliable. However, if these species were excluded, all eight species showed significantly more contact calls during flight than when perched. 

 Due to this significant difference found between flying and perched groups, subsequent results were looked at within these two activities separately. 

The influence of bird size on the frequency of contact calls

A significant negative correlation between the mean weight of a species (as a measure of bird size) and group call frequency was found for flying groups (figure 5a; All group sizes: N = 15, rS = -.796, p = .000; Group sizes 1 to 5: N = 15, rS = -.811, p = .000) but not for perched groups (figure 5b; All group sizes: N = 13, rS = -.525, p = .065; Group sizes 1 to 5: N=13, rS = -.566, p = .044). Thus, groups of small species call more than groups of large species when they are in flight, but not when they are perched.
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Figure 5a: The relation between the mean bird weight of a species and the average group call frequency of that species for flying groups. 
  
 

This correlation in flying groups could be the result of the low call frequency of the three largest species only. However, it remains significant when the three largest species are excluded from the analysis (All group sizes: N = 12, rS = -.629, p = .028; Group sizes 1 to 5: N = 12, rS = -.657, p = .020) and therefore counts for all species.

The lower call frequency in larger species may be the result of their group size. For instance, if larger birds would fly in smaller groups, these groups may have a low call frequency simply because they consist of a small number of individuals. Therefore we also tested the call frequency of individual birds within a group against bird weight. This time, no significant correlation was found between the size of a bird species and its frequency of calling for flying groups (figure 6a; For all group sizes: N = 15, rS = -.339, p = .216; For groups sizes 1 to 5: N = 15, rS = -.557, p = .031) as well as for perched groups (figure 6b; For all group sizes: N = 13, rS = .122, p = -.451; For group sizes 1 to 5: N=13, rS = -.478, p = .098).
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This correlation was additionally examined including one group size only; the most common group size of two individuals (38 % of all groups observed). Here it was again found that small species call significantly more than large species when they are flying, even when they are in the same group size (figure 7a; Group size of 2 only: N = 15, rS = -.721, p = .002). This correlation was again not found for perched groups (figure 7b; Group size of 2 only: N = 10, rS = -.345, p = .328).
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Overall, the results above suggest that contact call frequency of the fifteen species of Psittacinae studied here is indeed influenced by the size (mean weight) of these species. Small (vulnerable) species call more than large species when they are flying (vulnerable) groups but not when they are perched. This difference is call frequency may furthermore be influenced by the group size of a species, as shown in the following section. 

The influence of group size on the frequency of contact calls

When examining the influence of group size on the frequency of contact calls in that group of all species of Psittacinae together, a trend can be seen that there is a higher frequency of calling in small groups than in large groups (figure 8). However, no significant linear correlation was found between group size and group call frequency (All group sizes: N = 1823, rS = .041, p = .079; Group sizes 1 to 5: N = 1410, rS = .052, p = .052).
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Figure 8: The relation between group size  and group call frequency

Also when this relation was evaluated within each species separately, overall no correlation was found (table 3). Only in three species a significant influence of group size on call frequency was found, of which two were a negative correlations (CWPA and DHPA) and one a positive (SCMA). Furthermore, when considering only groups with up to five individuals, only one significant negative correlation was found, explaining that group size negatively influences group call rate in the DHPA. In general it can therefore be concluded that group size has no influence on the frequency that a group calls. 
	Table 3: The relation between group size and group call frequency, statistically tested with the non-parametric Spearman rank test

	Species
	All group sizes
	Group sizes ≤ 5

	
	N
	rS
	p
	N 
	rS
	p

	BCPA
	78
	-0.112
	0.329
	65
	-0.204
	0.103

	CWPA
	378
	-0.177
	0.001
	202
	0.023
	0.742

	DHPA
	43
	-0.482
	0.001
	22
	-0.560
	0.007

	OCPA
	25
	-0.278
	0.178
	25
	-0.278
	0.178

	WBPA
	93
	0.144
	0.168
	71
	0.156
	0.194

	WEPA
	25
	-0.208
	0.319
	20
	-0.084
	0.725

	BHMA
	13
	-0.235
	0.439
	11
	0.100
	0.771

	BHPA
	190
	-0.086
	0.237
	16
	-0.063
	0.418

	RBMA
	41
	-0.273
	0.084
	34
	-0.232
	0.187

	CFMA
	256
	-0.049
	0.432
	193
	-0.015
	0.841

	YCPA
	65
	0.070
	0.581
	56
	0.194
	0.153

	MEPA
	238
	0.004
	0.956
	209
	-0.025
	0.722

	SCMA
	122
	0.220
	0.015
	112
	0.125
	0.189

	BYMA
	16
	-0.066
	0.809
	10
	0.045
	0.902

	RGMA
	239
	0.095
	0.142
	213
	0.037
	0.590


     (Grey = not significant; for graphs of individual species see appendix 7.3) 

We did however find an influence of group size on the call frequency of individual birds within a group. As a group gets bigger, individuals within the group call significantly less (figure 9; All group sizes: N = 1823, rS = -.451, p = .000; Group sizes 1 to 5: N = 1410, rS = -.296, p = .000). 
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Figure 9: The relation between group size and individual call frequency

Overall, this result was also found when looking at all each species individually (table 4). A significant negative correlation between group size and individual call rate was found in thirteen out of fifteen species, while a negative trend is seen in one species (SCMA). When looking only at groups with less than five individuals, a significant negative correlation was found in ten out of fifteen species. 
	Table 4: The relation between group size and individual call frequency, statistically tested with the non-parametric Spearman rank test

	Species
	All group sizes
	Group sizes ≤ 5

	
	N
	rS
	p
	N 
	rS
	p

	BCPA
	78
	-0.556
	0.000
	65
	-0.483
	0.000

	CWPA
	378
	-0.411
	0.000
	202
	-0.515
	0.000

	DHPA
	43
	-0.826
	0.000
	22
	-0.812
	0.000

	OCPA
	25
	-0.640
	0.001
	25
	-0.640
	0.001

	WBPA
	93
	-0.200
	0.055
	71
	-0.111
	0.357

	WEPA
	25
	-0.766
	0.000
	20
	-0.602
	0.005

	BHMA
	13
	-0.679
	0.011
	11
	-0.454
	0.161

	BHPA
	190
	-0.461
	0.000
	166
	-0.393
	0.000

	RBMA
	41
	-0.673
	0.000
	34
	-0.544
	0.001

	CFMA
	256
	-0.595
	0.000
	193
	-0.405
	0.000

	YCPA
	65
	-0.344
	0.005
	56
	-0.192
	0.156

	MEPA
	238
	-0.438
	0.000
	209
	-0.330
	0.000

	SCMA
	122
	-0.097
	0.287
	112
	-0.111
	0.246

	BYMA
	16
	-0.539
	0.031
	10
	-0.270
	0.451

	RGMA
	239
	-0.275
	0.000
	213
	-0.224
	0.001


(Grey = not significant; for graphs of individual species see appendix 7.3) 

The influence of bird size on group size

It was expected that small species would be found in bigger groups and large species in smaller groups. When examining this relation in the fifteen species of Psittacinae studied here, this appears to be true (figure 10). However, this relation between bird size and group size was not found to be significant (N = 15, rS = -.361, p = .187).
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Figure 10: The relation between the mean bird weight of a species and the average group size for that species
Even though this relation was not found to be significant, small species are often seen in big groups and large species in small groups. 


Big groups may be less stable than small groups, because there are more individuals who can leave or join the group. A negative relation was therefore expected between group size and group size stability. Group size stability was defined as the percentage of groups seen that were in the most common group size. Group size and group size stability were indeed found to be significantly negatively correlated (rS = -.691, p = .004).


Following from this a positive relation was expected between mean bird weight and group size stability, as large species were often seen in big groups and small species were often seen in small groups. A significant positive correlation between mean bird weight and percentage of groups in most common group size was indeed found (figure 11; N = 15, rS = 658, p = .008). This means that small species are usually in less stable groups (due to a bigger group size) while large species are usually in more stable groups (due to a smaller group size). 
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Figure 11: The relation between the mean bird weight of a species and the group size stability (percentage of groups in the most common group size) for that species
5. Discussion

The question was whether contact calls in Psittacinae play a role in anti-predatory behaviour by mediating cohesion in a group. It was expected that Psittacinea that are more vulnerable to predation show a higher frequency of contact calls. Psittacinea that are more vulnerable to predation include those that are flying instead of perched, and small instead of large species. It was furthermore expected that contact call frequency depends on group size, and small species are in bigger groups than large species, as an additional anti-predatory behaviour. 

When looking at the average frequency of contact calls made by the fifteen species studied, there is no clear differentiation between macaws, parrots, or parakeets. Also according to weight, there is not such a differentiation, although the Macaws generally belong to the larger species, the Parakeets to the smaller ones, and the Parrots are in between. So the differentiation of the Psittacinae in Macaws, Parrots, and Parakeets, made on physical characteristics, is not clearly found back in weight or contact call frequency. The function of the contact calls must therefore be found on the level of the family of the Psittacinae. 

When examining the average calling frequency of the fifteen species, an overall common level of fifteen contact calls per minute is heard. This may represent an optimum level of calling for these species, in terms of a balance between calling frequently enough to keep group cohesion intact, but not calling excessively, in order to avoid losing energy or increasing the risk of predator detection. However, a few species stood out in having a call frequency different from the common level. 

The three largest species (Red-and-green Macaw, Blue-and-yellow Macaw, and Scarlet Macaw) stood out in having a lower call frequency than other species of Psittacinae. As these three Macaws are the largest of the Psittacinae species, they are probably less vulnerable to predation than smaller species and have a lower need to keep group cohesion intact. These three species are also the most brightly coloured ones. So, it could be that they rely on vision instead of sound for group cohesion. All other species studied here are largely green, which may make it difficult for them to rely on visual contact in the largely green surroundings, thereby increasing their need for vocal contact to obtain group cohesion. Another explanation of the lower calling frequency in the three largest species is that their bright colouration makes them easier to detect by predators. By lowering their call frequency they can compensate for easier detection. It could furthermore be that due to large size and low risk of predation, they are simply the only three species that can afford to be so brightly coloured. Further study on the effects of colouration and the frequency of calling of species must elicit this matter. 

The average call frequency of one species (Orange-cheeked Parrot) was higher than fifteen calls per minute, while that of another (White-bellied Parrot) was lower. Till now, no characteristics of these species are known that could explain their different call frequency. 

It is found that overall the species call significantly more when they are flying compared to when they are perched. This result therefore agrees with the idea that contact calls function in group cohesion, as an anti-predatory behaviour. The activity of a group of parrots may influence its vulnerability to predators. For instance, when a group is flying it is usually more visible than when it is perched in the vegetation. This makes it is easier for a predator to detect a group during flight. The high visibility during flight should therefore favour high speed, high directionality, and tight flock coordination [Bradbury, 2003]. In order to achieve this, flying groups may therefore need to call more than perched groups in order to keep group cohesion and thereby coordination intact. 

It is expected that group cohesion as anti-predatory behaviour is more important in small species than in larger species, and thus the call frequency is expected to be higher in small species than in larger species. 


Although it looks like there is a common level of fifteen calls per minute, it was found that groups of small Psittacinae species call significantly more often than groups of large species. This correlation is independent of group size, as small species call more often than large species, even if they are in a group of equal size. This therefore agrees with the idea that contact calls function as a vocal connection for group cohesion and coordination and have an important role in anti-predatory behaviour in parrots. 
It was found that group size has no effect on the call frequency of a group, which is another indication that there is an optimal calling frequency for group cohesion. This implies that the individual calling frequency changes per group size. This was indeed found. As a group gets bigger, individuals within that group call significantly less. This is beneficial for the individual because calling is a costly behaviour. Relying upon others for calling will allow individuals to conserve energy for other activities such as feeding. An example where individuals profit from the vocalisations of others was found in house sparrows (Passer domesticus), who use chirrup calls to attract conspecifics while feeding [Hauser, 1996, chapter 6.3]. Chirrup rate was found to negatively correlate with flock size, with solitary individuals calling at almost three times the rate of individuals accompanied by two or more additional flock members. Overall, this points out that being in a group can be beneficial to individuals by allowing them to conserve energy. It results in an optimum level of calling above which the profits of being in a group become outweighed by an increased chance of predator detection. The result could also be explained by the group size effect [Lima, 1995]. If calling is an anti-predatory behaviour, such as vigilance, for keeping a group of birds intact, the decreased individual call frequency could be accounted for by a reduction in individual predation risk at higher group sizes [Roberts, 1996]. Furthermore, as a group gets bigger, individuals could rely on visual communication. As groups get bigger it may be easier for one individual to spot others, allowing group members to keep cohesion intact through a visual connection, without having to call more. 
Another profit that a group may offer is increased predator protection by higher levels of predator detection, confusion of the predator, and the dilution of risk. This increased protection may be more important in small parrot species, which are more vulnerable to predation due to there size, than in large species. Therefore, apart from calling more as a possible aid against predation, we expected small species to reduce their predation risk by being in bigger groups than large species [Beauchamp, 2002]. This correlation between body size and flock size was also found by Gilardi and Munn [1998] in several Psittacinae species in Manu National Park, Peru. In the fifteen species of Psittacinae studied here no significant correlation between bird size and group size was however found.

In a study on Reddish-bellied parakeets (Pyrrhura frontalis), a positive correlation was found between the time they spent in a feeding site and flock size when the parakeets were feeding in open areas, but not when feeding on trees [Kristosch and Marcondez-Machado, 2001]. Small flocks would never remain for a long time in an open feeding site, because these do not provide as much protection as trees, while large flocks would. Apart from demonstrating the negative influence of group size on predation risk, this example also shows the influence of a group’s activity on its predation risk. Groups behave differently when acting either in open areas or in trees as a result of predation risk. Similarly we found that groups of parrots behave differently when either flying or perched as a result of predation risk. 

If contact calls would function in feeding or mate attraction only, they would be heard equally often in perched groups as in flying groups and equally often in large species as in small species. Contact calls were however heard more often in flying groups than in perched groups and more often in small species than in large species. Contact calls are therefore likely to play an important role in anti-predatory behaviour in the fifteen species of Psittacinae studied here, by creating cohesion in a group. 

6.  References

Beauchamp, G. 2002. Higher-level evolution of intraspecific flock-feeding in birds. Behav ecol sociobiol, 51, 480-487.

Brightsmith, D. 2003. Effect of diet, migration, and breeding on clay lick use by parrots in Southeastern Peru. Prepared for the American federation of aviculture 2004 symposium proceedings.

Bradbury, J.W. 2004. Vocal communication in wild parrots. In: Animal social complexity. De Waal, F.B.M., Tyack, P.L.T. London: Harvard university press. 293-316.

Buskirk, W.H., 1976. Social systems in a tropical forest avifauna. The American naturalist, 110(972), 293-310.

Farabaugh, S.M., Linzenbold, A., Dooling, R.J. 1994. Vocal plasticity in Budgerigars (Melopsittacus undulates): evidence for social factors in the learning of contact calls. Journal of comparative psychology, 108 (1), 81-92.
Fernández-Juricic, E., Alvarez, E.V., Martella, M.B. 1998. Vocalization of blue-crowned conures (Aratinga acuticaudata) in the Chancaní reserve, Córdoba, Argentina. Ornitologia neotropical, 9, 31-40.

Gilardi, J.D., Munn, C.A. 1998. Patterns of activity, flocking, and habitat use in parrots of the Peruvian amazon. The condor, 100, 641-653.

Hauser, M.D. 1996. The evolution of communication. Cambridge.

Hile, A.G., Striedter, G.F. 2000 Call convergence within groups of female budgerigars (Melopsittacus undulates). Ethology, 106, 1105-1114.
Krams, I. 2001. Communication in crested tits and the risk of predation. Animal behaviour, 61, 1065-1068.

Kristosch, G.C., Marcondes-Machado, L.O. 2001. Diet and feeding behaviour of the reddish-bellied parakeet (Pyrrhura frontalis) in an araucaria forest in Southeastern Brazil. Ornitologia neotropical, 12, 215-223. 
Lima, S.L. 1995. Back to basics of anti-predatory vigilance: the group-size effect. Animal behaviour, 49, 11-20.

Mangel, M., Clark, C.W. 1986. Towards a unified foraging theory. Ecology, 67(5), 1127-1138.

Pepperberg, I.M. 1994. Vocal learning in grey parrots (Psittacus erithacus): effects of social interaction, reference, and context. The auk, 111(2), 300-313.
Rabenold, K.N., Christensen, C.R. 1979. Effects of aggregation on feeding and survival in a communal wren. Behav. Ecol. Sociobio., 6, 39-44.

Roberts, B.Z. 1997. Dialects, sex-specificity, and, individual recognition in the vocal repertoire of the Puerto Rican parrot (Amazona vittata). Master thesis, faculty of the Virginia polytechnic institute and state university.
Roberts, G. 1996. Why individual vigilance declines as group size increases. Animal behaviour, 51, 1077-1086.
Sharp, S.P., Hatchwell, B.J. 2006. Development of family specific contact calls in the Long-tailed Tit Aegithalos caudatus. Ibis, 148(4), 649-656.
Wanker, R., Apcin, J., Jennerjahn, B., Waibel, B. 1998. Discrimination of different social companions in spectacled parrotlets (Forpus conspicillatus): evidence for individual vocal recognition. Behav Ecol Sociobiol, 43, 197-202.

Wanker, R., Sugama, Y., Prinage, S. 2005. Vocal labelling of family members in spectacled parrotlets, Forpus conspicillatus. Animal behaviour, 70, 111-118.
Figure 5b: The relation between the mean bird weight of a species and the average group call frequency of that species for perched groups.
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Figure 6a: The relation between the mean bird weight of a species and the average individual call frequency of that species for flying groups.





Figure 6b: The relation between the mean bird weight of a species and the average individual call frequency of that species for perched groups.
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Figure 7b: The relation between the mean bird weight of a species and the average individual call frequency of that species for perched groups, considering groups of two individuals only. 
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