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In precocial bird species, the eggs constitute most of the maternal investment because parents do not
feed the young after they hatch. Maternal testosterone in egg yolk influences the embryo’s and chick’s
development. Females deposit testosterone in the eggs as a response to the environment experienced
during the laying period, including the quality of their mate. To assess the relevance of the female’s mate
selection on egg characteristics in the grey partridge, Perdix perdix, we tested breeding females in
a choice trial where they were allowed to choose between two males. After the choice trials, females
were mated either with their preferred male (P group) or with the nonpreferred one (NP group).
Although eggs laid by females of the two groups did not differ significantly in mass, females of the P
group laid eggs with a higher yolk testosterone concentration than females of the NP group. This study
agrees with previous work pointing out that partner attractiveness may play an important role in the
transfer of maternally derived egg components.

2010 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd.

Maternal effects imply that the environment and the phenotype
of the mother affect the progeny’s phenotype (Mousseau & Fox
1998). In oviparous vertebrates, all the resources needed by the
embryo to develop must be present in the egg laid by the female.
After the eggs are laid, no further adjustments to their components
are possible so maternal resource allocation is limited, therefore, to
a narrow window of time, in contrast to what occurs in viviparous
species. Hence, in oviparous species, the prelaying parental effort
plays a determinant role in the development of the embryo.
Moreover, the allocation of resources to eggs could potentially
influence the expression of genes and the fitness of offspring
(Bolton 1991; Clutton-Brock 1991; Williams 1994; Lovern & Wade
2003; Pilz et al. 2004; Mansour et al. 2007). Resource allocation
should be costly for the female (Gil et al. 1999; Pilz et al. 2003);
hence a differential allocation can be related to the expected fitness
of the young (Stearns 1992).

The quality of eggs is influenced by environmental conditions
experienced by the mother before and during egg formation

(Schwabl 1996), and also by the characteristics of the partner
(Burley 1988; Sheldon 2000). Features of themother’s environment
may be translated into the differential deposition of several
substances in eggs, such as corticosterone (Pike & Petrie 2005;
Rubolini et al. 2005), androgens (Schwabl 1993; Gil et al. 1999),
carotenoids (Blount et al. 2002; Williamson et al. 2006) and lyso-
zymes (important albumen antimicrobial components; Saino et al.
2002; Cucco et al. 2007).

There is growing evidence that female investment is influenced
by male quality reflected by physical and behavioural characteris-
tics. For instance, female canaries, Serinus canaria, laid more eggs
after listening to males with a large repertoire of songs than after
listening to monotonic and repetitive songs (Kroodsma 1976) and
female zebra finches, Taeniopygia guttata, mated to males whose
quality was artificially increased by red leg rings deposited more
carotenoids and vitamin E in their eggs than females mated with
males whose quality was artificially decreased by green leg rings
(Williamson et al. 2006). In the opposite way, female barn
swallows,Hirundo rustica, deposited a lower lutein concentration in
their eggs when mated with artificially tail-elongated males than
with control and tail-shortened males (Saino et al. 2002). Some
studies have found that manipulation of male attractiveness
induces changes in maternal yolk hormone deposition in female
birds (canary: Gil et al. 2004; reviewed in Kingma et al. 2009). In
contrast, studies on the consequences of female choice between
potential mates in more naturalistic conditions, that is, without
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modification of mate attractiveness, are rather scarce (Rintamaki
et al. 1998; Cunningham & Russell 2000; Loyau et al. 2007).

Clearly, females might adjust their investment as a function of
the perceived quality of their mates. The differential allocation
hypothesis predicts an increased investment in offspring in females
paired with high-quality males. In contrast, the reproductive
compensation hypothesis predicts an increased investment with
low-quality males (reviewed in Gowaty 2008; Harris & Uller 2009;
Ratikainen & Kokko 2010).

The aim of this study was to determine the extent to which
allocation of maternal resources is affected by active mate choice in
the grey partridge, Perdix perdix, which lays numerous and rela-
tively large eggs. The chicks are precocial and hatchwell developed,
so posthatching investment is weak and the main investment
occurs during egg formation (Potts 1986). Consequently, the grey
partridge is a good model for the study of differential allocation of
prenatal maternal resources.

After a choice trial, each individual of one group of females (P
group) was paired with the male she preferred, while the other
group of females (NP group) was paired with the male she did not
prefer. We measured males’ body characteristics and an index of
health (haematocrit and cellular immunity) to determine to what
extent these characteristics could influence the female’s choice.

METHODS

We studied 18 males and 18 females, randomly selected from
a breeding farm stock in Alessandria, northwest Italy (Cucco et al.
2006a, 2007). The animals were provided for a period of 5
months by the breeding farm owned by Dr G. De Vito. At the end of
the experiment, the animals were given back to the breeder for
eventual release into the wild. The study was conducted at the
breeding farm under licence from the Provincia di Alessandria
administration and ASL 20 veterinary agency.

All birds were 1 year old and in their first reproductive season.
Throughout the year, the birds weremaintained in natural light and
temperature conditions. Partridges were housed in small groups of
four individuals, in outdoor aviaries (6 � 3 m and 2 m high). Groups
were exclusively composed of individuals of the same sex; females
and males had only visual or acoustic contact during the pre-
experimental period. The floor of the aviaries was the natural
ground with grass clumps. Each aviary was provided with food and
water containers and two wooden shelters (0.5 � 0.5 m and 0.5 m
high) and was covered with a roof of synthetic material. Ash was
provided in a hollow placed in a corner of the aviary for
dustbathing. The rearing food was a powdered mixture, commonly
used by aviculturists to provide proper nutrition during egg laying.
Food and water were provided ad libitum.

Choice Tests

At the beginning of the breeding season (from 14 February to 22
March 2006), we conducted trials on femalemate choice. Following
Leonard & Zanette (1998), each female was allowed to choose
between two males in a test cage. The experimental test aviary was
the same size as the breeding aviaries.Wire-meshpartitions divided
the aviary into a front compartment, enclosing the test females, and
two back compartments, housing the males. The back part was
divided into two sectors by an opaque partition that did not allow
themales to see each other. During each trial, two observers sat 1 m
outside the aviary, the first near the aviary’s back and the other in
front. The twomaleswereplaced in the compartments in the backof
the aviary 5 min before the trial to allow familiarization with the
apparatus. Males quickly became accustomed to their surroundings
and consistently displayed normal behaviour. The females were

placed, one at a time, in the front part of the aviary. Before the trial,
the femalewas keptwaiting 5 min in a small enclosure positioned in
the middle of the front of the aviary. During this period, she could
freely see and hear the two males. The choice trial began with the
removal of the enclosure. For 20 min, the female could freely move
in thewhole front part of the aviary. The two observers recorded the
amount of time she spent in front of each male. Each female was
tested three times, ondifferentdays,with the samepair ofmales and
we switched the males’ positions at each trial. We did not find any
significant effect resulting from the position of the males (the
difference in time spent by the female in each side during the three
choice trials; repeated measures two-way ANOVA: effect of side:
F1,16 ¼ 0.94, P ¼ 0.35; effect of test number: F2,16 ¼ 0.64, P ¼ 0.53;
interaction: F2,16 ¼ 0.58, P ¼ 0.56). We considered the male near
which the female spent most time to be the preferred one. Female
preference did not change significantly from one trial to another
(the difference in time spent by the female in front of the preferred
male during the three choice trials; repeatedmeasures ANOVA,with
the test number as repeated factor: F1,7 ¼ 1.02, P ¼ 0.46; repeat-
ability according to Lessells & Boag 1987: r ¼ 0.893, P < 0.001).

For trials, the birds were grouped into nine sets of two males
and two females. In seven sets of birds, females consistently chose
the same male. In each of these sets, one female was paired with
her preferred male and the other female with the nonpreferred
male. In the other two sets, the females chose different males. In
one of these sets, the two females were given their preferred male
whereas in the second set, the two females were given their non-
preferred male. Finally, we obtained two breeding groups: nine
females paired with their preferred males (P group: females of this
group spent on average � SE 72.6 � 5.2% of their trial time in front
of the preferred male) and nine females paired with the non-
preferred males (NP group: females of this group spent less trial
time in front of their mate, on average 34.5 � 4.7% of time).

We placed each pair in a breeding aviary (6 � 6 m and 2 m high)
on 29 March 2006. In May, the hens started to lay their eggs.

Male Characteristics

We measured some male characteristics to check whether these
were related to the female’s preference. All measures were made 2
weeks before choice trials: (1) tarsus length (with a calliper,�0.1 mm
accuracy); (2) bodymass (with an electronic balance,�1 g accuracy);
(3) haematocrit, according to Béguin et al. (1998),100 ml of bloodwere
collected in heparinized capillary tubes, from the wing vein, then
capillaries were centrifuged for 5 min at 10 000 rpm and afterwards
the length of the tube’s layer of packed red blood cells, �1 mm accu-
racy, was divided by the total length of the blood sample to obtain the
haematocrit value; (4) cellular immunity was evaluated by the cuta-
neous response to an injection of phytohaemagglutinin (PHA),
a foreign antigen that causes T lymphocyte proliferation and local
swelling (Lochmiller et al. 1993). A small area on the right wing web
was marked with nontoxic ink. The thickness of the wing web was
measuredwith a gauge (Alpa S.p.A.,Milan, Italy, accuracyof 0.01 mm),
then the web area was injected intradermally with 0.25 mg of PHA
(Sigma L 8754, St Louis,MO, U.S.A.) dissolved in 0.05 ml of phosphate-
buffered saline (PBS). After 24 h, the wing web thickness in the
marked area was remeasured. The subcutaneous injection with PHA
produces only a local inflammation without any other adverse effect,
and the increased wing web thickness is directly related to the
conditionof the immune system(Merino et al.1999; Smits et al.1999).

Egg Collection and Analyses

We inspected the aviary and collected eggs (N ¼ 287) daily
during the laying period. To simulate natural conditions, eggs
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