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a Departamento de Producción Animal, Fac. Veterinaria, Campus de Vegazana, 24071 León, España, Spain
b Instituto Tecnológico Agrario de Castilla y León, Paseo de Canalejas no. 77 28 A, 37001 Salamanca, España, Spain
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Abstract

Approximately four million red-legged partridges (Alectoris rufa) are released in Spain each year for

repopulation or hunting purposes, all produced on intensive farming facilities under a forced pairing system.

We studied the ethological response differences between two types of red-legged partridges couples: free

and forced, using an experimental protocol with two groups of 20 couples each one: (A) group of forced

pairing, one male and one female randomly chosen were introduced in the same cage and (B) group of free

pairing, a female had the opportunity to chose between four males, using as female choice parameter the

time spent by the female near each male. The behaviour of the couples during the first week they were

together was evaluated. Female red-legged partridges chose males of higher weight and this males display

more frequently patterns of feeding and vigilance behaviour. In the red-legged partridge alert and vigilance

behavioural patterns are closely correlated to other feeding and cohesive behavioural patterns that increase

the reproductive success of the couple. There was not aggressive behaviour in the free couples and only 2

attacks in the forced couples. In conclusion to have the opportunity to choose a partner increase the display

of patterns of cohesive and feeding behaviour that increase the welfare of the females red-legged partridge

on farm, but the environmental conditions of this study were not able to demonstrate differences in welfare

due to pairing methods because there was a practically absence of aggressive behaviour of the male in both

pairing options. We consider the cage design and space allowance together with the pairing methods as

important factors that should be study in the future to improve welfare of farmed red-legged partridges.
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1. Introduction

In Spain, due to low levels of reproduction among the wild populations of red-legged partridge

(Alectoris rufa), the number of partridges intensively reared on farms has risen. On these

intensive farms there is no possibility of an element of choice in pairing by the partridges as the

forced pairing method is used. This breeding system, combined with taming in captivity, results

in numerous physiological and ethological modifications that produce severe problems of

adaptation and integration into the wild, which, subsequently, have very negative repercussions

upon the reproductive cycle (Robles et al., 2001; Gaudioso et al., 2002; Pérez et al., 2004).

One of the biggest problems from the animal welfare point of view of red-legged partridge

intensive farming is the increase in agonistic patterns when birds have to cohabit in reproductive

cages. Incompatibility problems or ‘‘divorce’’ have been described between the forced couples,

with the female mortality rising to 5% at the end of the reproductive cycle (Nobilini et al., 1993).

Even when there are several aspects that could be manipulated to increase the reproductive

performance in captivity, such as to choose the appropriate moment to establish the couples, the

process could be compromised when the females are forced to pair with a mate they have no

chosen (Drickamer et al., 2003; Bluhm, 1985). In the same way, Beani et al. (1992) stated that the

forced pairing method at the end of reproductive season has more guaranties of success, but in the

grey partridge (Perdix perdix) the percentages of nesting, incubation and chicks brooded were

significant higher in the free couples than in the forced couples.

In order to introduce new adjustments in the pairing and rearing methods the knowledge of

natural partridge behavioural patterns could constitute a decisive factor to improve animal

welfare in the captivity breeding systems. It is well know that animal welfare and reproductive

efficiency are closely connected and the appropriate management of social behaviour is the key

to successfully reproduction (Swaisgood, 2006).

In many species the selection of a partner is not made randomly, and the pairing process

involves several decision-making stages. Birds that have initially accepted a partner because of

some ornamental aspect or some visually perceptible trait may change partner if there is a delay

in egg laying or if the courting display of the male is inferior to that of other potential partners

(Choudhury, 1995; Lendvai et al., 2004). Thus, females appear to use this information to evaluate

the costs and benefits of possible alternative mates, determining in this way their selection

(Castellano et al., 2004).

Rearing red-legged partridges in captivity is an important factor for the conservation of this

species, because thewild populations are not able to sustain predators and hunting pressure because,

for cultural and tradition reasons, this species is the favourite of small hunted animals in Spain

(Alonso et al., 2005). But to do so with a sustainable system and under the best conditions from the

animal welfare point of view is even more important in the long-term. Considering all this, the aim

of this work is to study the influence of the pairing process in the behaviour and welfare of farming

red-legged partridges during the period of formation and maintenance of the couple.

2. Material and methods

All the tests were carried out over two consecutive years, using 10-month-old birds without prior

reproductive experience and from the same intensive game farm. They underwent at the same handling

facilities, starting on last week of February to coincide with the reproductive season of the wild partridges in

the study area.
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When the birds arrived at the study facilities, in the Experimental Farm of the University of León,

situated 42837053.7000N and 5833010.2400W, the state of health of all birds was checked, they were

individually identified by numbered metallic rings, and all the males were weighed using a digital scale.

All birds were then placed in their assigned study cages.

2.1. Animals

The following animals were used each year:

(A) Twelve forced couples: one male and one female were randomly chosen and placed in one couple

experimental maintaining cage to completed 12 couples.

(B) Twelve free couples: made up of 48 males and 12 females, giving to each female the opportunity to

choose between four males. To carry out this pairing process the following methodology was used.

2.1.1. Free pairing experimental cages

Males were placed randomly inside individual cages of 100 cm � 50 cm � 50 cm with sides of

galvanised metal and wire mesh and floors and roofs of wire mesh. These cages were positioned so that

the four neighbouring males could not see each other but had visual contact with a central space in which the

female was placed. This central space was divided into five sections by a cross-shaped wooden structure

with a common middle feeding and drinking space and four spaces in which the female could make contact

across the wire mesh with each of the four males (Fig. 1). The whole structure was covered by wire mesh. A

cereal (barley and wheat) feeding box and a drinking trough were placed in each cage.

2.1.2. Video recording and reproduction

A video camera was fixed at the top of each of the six groups of experimental cages in order to record the

behaviour of the birds without human interaction. All the cameras were connected to a central video

recording unit consisting of multiplexor, video recorder, 12-in. monitor, batteries and temperature control

equipment (fan, heater and thermostats).

2.1.3. Free pairing experimental design

The tests were carried out in two consecutive series, using 24 males and six females in each test and were

repeated in the identical format the following year using new birds. All males and females were placed in the

free pairing experimental cages and remained there undisturbed for 8 days. Video recordings were made

from 8:00 to 11:00 and from 16:00 to 19:00.

2.1.4. Study, evaluation and determination of pairs

One hour of the morning and afternoon recordings were processed to determine the male chosen by each

female using as the defining parameter the amount of time spent by the female in the section of the cage near

each male during the five recording days. We previously recorded 3 h during mornings and afternoon in case

1 h were not defining enough time for the female choice, but this was not necessary in any case.

Once the couples were formed the birds were placed in the couples experimental maintaining cages

which were situated to avoid visual contact between adjacent cages.

2.2. Couples experimental maintaining cages

Twenty-four wire mesh and galvanised metal cages of 4 m2 (2 m � 2 m � 1 m) were used each year and

positioned on ground previously sown with cereal seeds (barley and wheat). Each cage had 2 sides of

galvanised metal (1 m � 2 m � 1 m) in order to prevent visual contact between couples and 2 sides of wire

mesh (2 m � 2 m � 1 m) to allow environmental visual contact. Each cage was furnished with a drinking

trough, a cone-shaped brushwood shelter and a wooden nesting box with an Onduline1 roof to protect

against the rain.
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2.3. Video recording and reproduction

Twenty laterally positioned video cameras were used to record the behaviour of the birds without human

interaction, equally divided to record both 10 free choice pairs and 10 forced pairs. Two partridge couples

were keep in reserve to be used in case that one of the 10 couples that was been taping failure, but none of the

study year was necessary to replace any study couple. Each group of cameras was connected to the

previously described central video recording unit. For 1 week video recordings were made for 4 h each day

starting at 8:00 a.m.

2.4. Study and evaluation of behaviour

A computer program, developed for this purpose, was used to study the behaviour of each couple for 1 h,

from 10 to 11 in the morning. The frequency and duration of 22 behavioural parameters (Table 1) described

by Goodwin (1953, 1958), Jenkins (1961) and Pintos et al. (1985) were analysed.
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Fig. 1. An aerial view of a free pairing experimental cage. ( ) Drinking trough; (*) feeding box; (,) female space; (<)

male space; ( ) opaque sheeting; (—) wire mesh.
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2.5. Data analysis

Data were analysed by one-way ANOVA (Dixon, 1983) in order to assess the significance of differences

between pairing and year groups using the computer program SPSS# (version 10.0) for Windows#.

Differences with P < 0.05 were considered significant.

3. Results

We use as ecologically reliable indicator of female choice (Millam, 2000; Bluhm and Gowaty,

2004) the amount of time that a female spent near to each male (Fig. 2). A one-way variance

analysis (ANOVA) considering chosen and rejected males was undertaken and showed

significant differences depending on time spent by the female near a male (F (1,94) = 169.538;

P = 0.000) and depending on the male body weight; males with higher weight were chosen by the

females (F (1,94) = 4.889; P = 0.029). There was a mean value of 489.32 g for the chosen males

and one of 476 g for the rejected males (Fig. 3).

The influence of study year upon the behaviour of both groups of couples was analysed by

one-way ANOVA, and the results showed a few significant differences (Table 1). During the

second year the frequency of ‘‘pecking’’ food materials, frequency of simultaneous pecking by

both members of the couple (‘‘pecking by both at the same time’’), frequency of one member

moving to the place the other mate is pecking food and this member starting to ingest food when

the other member is already doing so (‘‘coming to peck’’) and ‘‘alert’’ patterns were higher only
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Table 1

One-way ANOVA depending on the pairing method and the study year

Free pair Forced pair

F Sig. P F Sig. P

Time together 0.11 N.S 1.003 N.S

Time apart 0.11 N.S 1.003 N.S

Time grooming 1.02 N.S 0.25 N.S

Grooming 4.57 N.S 1.16 N.S

Both grooming 0.53 N.S 0.19 N.S

Dust bath 1.00 N.S – –

Neutral posture 2.04 N.S 0.14 N.S

Both neutral 1.61 N.S 0.00 N.S

Resting 4.39 N.S 3.12 N.S

Both resting 1.75 N.S 0.11 N.S

Drinking 4.01 N.S 1.48 N.S

Both drinking 0.37 N.S 2.33 N.S

Pecking 9.12 0.009 3.16 N.S

Both pecking 5.38 0.036 1.60 N.S

Coming to peck 5.27 0.038 0.16 N.S

Follow-up 1.14 N.S 0.05 N.S

Alert 17.56 0.0009 0.40 N.S

Both alert 0.17 N.S 1.23 N.S

Agresion – – 0.00 N.S

Courtship 3.13 N.S 0.03 N.S

Copulation 0.07 N.S 1.00 N.S

Nesting 1.57 N.S 1.00 N.S

Both nesting 0.64 N.S – –
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in the free pair group (Fig. 4). No significant difference being found between reproductive

seasons for the forced group.

The results of the ANOVA depending on the pairing method (Table 2) presents statistically

significant differences between free pairs and forced pairs for the following observed parameters:

time spent by the couple together, frequency of ‘‘pecking’’, frequency of both pecking at the

same time (‘‘both pecking’’), frequency of ‘‘coming to peck’’, frequency of one member

following the other (‘‘follow-up’’), and frequency of the alert behavioural pattern.

Forced pairs spent more time together F (1,30) = 7.42; P = 0.011) with a distance between them

less than 50 cm.
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Fig. 2. Mean � S.E. and mean � 0.95 confidence interval of the time in seconds spent by the female with chosen and

rejected males.

Fig. 3. Mean body weight (g) � S.E. and mean � 0.95 confidence interval of the chosen and rejected males.
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The frequency of ‘‘pecking’’, ‘‘both pecking’’ and ‘‘coming to peck’’ when the other member

of the couple is pecking food were higher in the free pairs. Moreover, the frequency of the display

of the pattern ‘‘follow-up’’ was higher (F (1,30) = 8.36; P = 0.007) in the free pairs than in the

forced ones (Fig. 5).
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Fig. 4. Mean � 0.95 confidence interval of the patterns, rest, pecking, both pecking at the same time, follow-up, alert and

nesting, depending on the pairing type (forced or free) and year.

Fig. 5. Mean � 0.95 confidence interval of the patterns pecking, both pecking at the same time, follow-up and alert,

depending on the pairing type (forced or free).
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The frequency of alert behaviour by one or, simultaneously, by both members of the couple

was higher in the free pairs, particularly when solely the male displayed this behavioural pattern

(F (1,30) = 20.67; P = 0.00008) (Fig. 5). There were correlations between the parameters ‘‘alert’’

and ‘‘pecking’’ (r = 0.825, P < 0.01), ‘‘both pecking’’ (r = 0.759, P < 0.01), ‘‘coming to peek’’

(r = 0.454, P < 0.01) and ‘‘follow-up’’ (r = 0.663, P < 0.01) on the free couples. The same

results occurs when both members of the free couple are alert (‘‘both alert’’) and ‘‘pecking’’

(r = 0.577, P < 0.01), ‘‘both pecking’’ (r = 0.577, P < 0.01) and ‘‘follow-up’’ (r = 0.620,

P < 0.01).

Aggressive behaviour which resulted in attacks was only observed twice throughout the study,

one occasion in each year, and both incidents involved forced pairs. The aggression consisted of

the male pecking the female two or three times without causing injuries, nevertheless no

subsequent incidents were observed.

The frequency of courtship patterns and copulation was low in both groups but the frequency

of visit to the nest (‘‘nesting’’) was higher in the free pairs group.

4. Discussion

Females choose males of higher body weight, results that agree with those reported by Zuk

et al. (1990) for the red jungle fowl, who concluded that female choice is based on the dimensions

of some male morphological parameters. In this way, red-legged partridge females seem to

choose heavier males using the body condition as a trail of higher male qualities, which agrees
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Table 2

One-way ANOVA depending on the pairing method

Mean � standard deviation F P

Free pair Forced pair

Time together 1459.8 � 421.6 1820.56 � 320.8 7.42 0.011

Time apart 2140.2 � 421.6 1779.81 � 320.8 7.42 0.011

Time grooming 91.44 � 90.4 166.44 � 154.3 2.81 0.104

Grooming 6.38 � 5.7 7.88 � 5.6 0.56 0.46

Both grooming 0.69 � 1.0 1.19 � 1.7 1.04 0.317

Dust bath 0.13 � 0.5 0 � 0 1 0.325

Neutral posture 12.94 � 5.6 11.88 � 5.1 0.31 0.581

Both neutral 1.69 � 2.2 2.12 � 1.7 0.39 0.536

Resting 1.19 � 2.5 2.81 � 3.8 2.05 0.162

Both resting 0.25 � 0.8 0.44 � 0.7 0.50 0.486

Drinking 1.56 � 1.5 1.44 � 1.5 0.06 0.813

Both drinking 0.19 � 0.4 0.13 � 0.3 0.22 0.64

Pecking 82.69 � 28.5 49.56 � 14.3 17.31 0.0002

Both pecking 23.13 � 12.3 10.75 � 4.4 14.43 0.0007

Coming to peck 6.00 � 3.9 1.94 � 1.8 13.90 0.0008

Follow-up 8.00 � 5.7 3.63 � 2.2 8.36 0.007

Alert 43.50 � 20.1 18.19 � 9.6 20.67 0.00008

Both alert 3.69 � 3 1.44 � 1.6 7.09 0.012

Agresion 0 � 0 0.37 � 1.0 2.14 0.154

Courtship 9.63 � 8.2 5.69 � 9.3 1.62 0.213

Copulation 0.56 � 0.9 0.13 � 0.5 2.93 0.097

Nesting 2.00 � 2.0 0.06 � 0.3 14.32 0.0007

Both nesting 0.38 � 0.6 0 � 0 5.87 0.022
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with the hypothesis of sexual selection proposed by Hamilton and Zuk (1982) and are in

accordance with the results of Bluhm et al. (2000) in mallards (Anas platyrhynchos). Moreover,

other authors, such as Norris (1993) in great tits (Parus major), Petrie (1994) in Peacocks (Pavo

cristatus), Von Schantz et al. (1989, 1994) in pheasant (Phasianus colchicus) and Gil et al. (1999)

in zebra finch (Taeniopygia guttata), go even further, stating that the offspring of males with

better secondary sexual characteristics could be more viable as the females can further improve

some physical components of the offspring, directly through their predilection for males with

better secondary sexual characteristics.

However, our results differ from those of Dahlgren (1990), who stated that female grey

partridges (Perdix perdix) select their mate without demonstrating any preference for any of the

morphological characteristics related to body size. Furthermore, our findings also differ from

those of Gibson and Bradbury (1985) and Jonson and Marzluff (1990), who observed that female

sage grouse (Centrocercus urophasianus) and pinyon jays (Gymnorhinus cyanocephalus),

respectively, base their mate choice on morphological characteristics but do not necessarily

choose the larger or heavier males.

During the first week the birds stay together the couples formed by females that had the

opportunity to choose a male and both had the possibility to see each other showed higher feeding

behaviour (‘‘pecking’’ and ‘‘both pecking’’), also observed by Bluhm (1985) in free pairing in

Canvasbacks (Aythya valisineria), and also higher cohesive behaviours (‘‘comes to peck’’ or

female ‘‘follows-up’’ the male). Feeding and cohesive patterns were associated with reproductive

success and coordination among couple members in Canvasbacks (Aythya valisineria)

(Anderson, 1984; Bluhm, 1985; Lovvorn, 1990). The males of this couples also displayed

higher alert behaviour and this, together with the higher feeding behaviour, suggested that

vigilant males are able to display more frequently patterns of ‘‘pecking’’ and alert behaviour,

attracting the attention of the female that ‘‘comes to peck’’ or ‘‘follows’’ the male, because these

ethological patterns are closely linked, as the correlations between them showed in the our

results, coordinating the activity of the couple.

We consider that the vigilant behaviour carried out for a male is a trait that should be presented

during the period the female made the mate choice. In this way, when the female selects a mate, a

preference for vigilant males likely increases the chances of her own survival, because minimise

the predation risk, increase her time to feed and improve her body condition, which, in turn, gives

her greater opportunities to store reserves for use in egg production and incubation and,

ultimately, maximising reproductive success, especially when birds are in the wild. These results

agree with those of Dahlgren (1990) and Beani and Dessı̀-Fulgheri (1995), who stated that

females grey partridges (Perdix perdix) might choose their partner on the basis of the vigilant

behaviour of the male. On the other hand, Fusani et al. (1997) found significant correlation

between testosterone plasma levels and vigilance behaviour of grey partridges. This supports the

idea that to mate with a vigilant male has more advantages because he is not only able to develop

behavioural patterns that represent more chances, but also he will have superior genetic quality

because the sexual hormones are costly to produce and produced in higher quantity by the

individuals with good body condition and better immune system quality (Pérez-Rodriguez et al.,

2006). Our results seem to corroborate this as the female red-legged partridges choose the males

with higher body weight (Fig. 3) but also spent more time in feeding and coordinate activities that

reinforce the pair-bond with this males that also display alert behaviour more frequently

(Table 2).

On the other hand, the fact that the chosen males showed higher frequency of alert behaviour

could mean not only the anti-predatory strategy but also a way to protect their genes in the
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following generation trying to avoid other male access to their partners Anderson (1985). In this

way, alert behaviour not only increases both member possibilities to survive to a predator attack

but also protect male investment in the new generation.

The frequency of copulation, courtship behaviour and nesting was low at this early stage of the

pair formation and this is in accordance with results obtained by Millam (2000) in Orange-

winged amazons (Amazona amazonica) and Cockatiels (Nymphicus hollandicus), but slightly

higher in the free couples and this reinforce the idea that to mate with a partner with which had

social contact before increase the pair-bond.

Taking into account the behaviour of both, males and females, the female of the red-legged

partridge seems to select her mate on the basis of both body weight and a variety of male

behavioural parameters such as vigilance and feeding patterns, but for prove this we will need to

conduct behavioural observations during the mate choice period. During the first week the couple

stayed together the more vigilant males are able to display more frequently alert and feeding

behavioural patterns that attract the attention of the female, which comes to peck or follows the

male. All this suppose to increase her chances of survival and her body condition as well as her

reproductive success when birds are in the wild, because, according to Bluhm (1985), a male that

‘‘allows’’ her mate to feed more during the pre-laying period may father a larger and or a better

nourished clutch. These behavioural patterns should be considered as key variables in the pairing

process of the red-legged partridge.

According to Mateos (1994) one of the ways to evaluate the welfare of birds in housing

conditions is to determine the frequency they perform natural behaviours. In this way, higher

frequencies of feeding, alert and cohesive patterns registered in free-couples could be used as an

indicative of welfare and the absence or low frequency of these behaviours could be use for

predicting situations of lower welfare levels. In this way free pairing also increases reproductive

success because is positively influence by the welfare situations (Mateos, 1994).

On the other hand, to have the opportunity to choose a partner give the birds the possibility to

become familiar with the other couple member and, according to Yamamoto et al. (1989),

familiarity may increase the reproductive success by improving pair coordination. This could

explain the high frequency of feeding, following and alert behaviours among the free couples. In

this way free-pairing seem to increase, also in an indirect way, the reproductive success at the

same time that increase the welfare of the farmed red-legged partridges couples.

For aggressive behaviour, our results do not agree with those of Nobilini et al. (1993), who

found incompatibility between partners for grey partridge (Perdix perdix) forced pairings leading

to a mortality rate of 5% of the females by the end of the reproductive season. In other species

such as domestic pigeons (Columbia livia) (Klint and Enquist, 1981) and Canvasback ducks

(Aythya valisineria) (Bluhm, 1985) free mate choice is important for successful breeding and

forced pairing increase agonistic behaviour within the couple members. Taking into account the

previously mentioned studies we expected that the pairing methods will have great influence in

the display of aggressive patterns on the farmed red-legged partridges, but the low levels of this

pattern showed by our results, only 2 peeking on the forced couples, made us to think that

environmental conditions should be taking into account. There was a great difference in the cage

size of the experiment carried out by Nobilini et al. (1993) and our study, and we think that this is

the probable reason for the disparity between the two sets of results. In our study larger cages

(4 m2) were used in contrast to the intensive farming cages (0.5 m2) used in the grey partridge

(Perdix perdix) study. In the smaller intensive cages conflict situations could arise more

frequently and there would be few possibilities for the female to escape. On the other hand, space

restriction made agonistic behaviour increase in domestic chicken and other galliform species
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(Rolling, 1995). In our study, free pairing couples did not display aggressive behaviour, as

incompatibility between couples was less likely as the female had the opportunity to choose and

the pairing process passed through various stages (Choudhury, 1995; Lendvai et al., 2004).

Moreover, the influence of the space allowance and the pairing method on the aggressive

behaviour need to be considers in future studies because the interaction between behaviour

knowledge and management aspect will allow us to develop more respectful production systems

to animal needs and sustainability.

5. Conclusion

To have the opportunity to choose a partner seems to increase the welfare of the female red-

legged partridge on farms because they perform feeding and cohesive behaviour more frequently

than forced pairs. The present study falls to probe the influence of the pairing method on the

aggressive behaviour of the male toward the female due our cages design and more studies will be

need to elucidate the influence of the space allowance and the pairing method on the agonistic

behaviour.
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Pintos, R., Braza, F., Álvarez, F., 1985. Etograma de la perdiz roja (Alectoris rufa) en libertad. Doñana, Acta Vertebrata 12
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