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Abstract
Rock partridge (Alectoris graeca) is included in Annex I of the EU Birds Directive as Species 

of Conservation Concern (SPEC 1), because of the continuing decline in the area of occupancy. 
In this context, ex situ conservation programs and production systems of captive Rock partridges 
suited to the wild are necessary to ensure that insurance, reintroduction or restocking goals are 
met. Anyway, morphological changes occurring in captive-reared animals indicate the loss of 
animal’s ability to survive in natural environment. In this study, we used the offspring of wild Ap-
ennine rock partridges (Alectoris graeca graeca). The young birds were divided into two groups, 
the first (G1) was housed in enriched and wild-like environment, the second (G2) was subjected 
to intensive-rearing conditions. Starting at 14 days post-hatching (DPH) and continuing up to 98 
DPH, body mass (BM), tarsus length (TL), tarsus depth (TD), tarsus width (TW), head width (HW), 
head length (HL), wing length (WL) and beak length (BL), were measured fortnightly. Birds in G1 
showed shorter heads (F = 10.50, p = 0.000) and thinner tarsi (F = 9.80, p = 0.000) at 84 DPH. At 
98 DPH also the TD measurement (F = 8.71, p = 0.001) became significantly lower in G1 then in 
G2. Birds in G1 showed morphological disadvantages (shorter heads and less developed limbs) 
as a possible result of limited physical and cognitive exercise in simple artificial environment. Our 
results suggest that intensive rearing does not contribute to relevant morphological disadvan-
tages within 70 DPH. Accordingly, birds for restocking or reintroduction should be translocated 
within this time limit into enriched and wild-like environment where they can exercise before the 
release into the wild. A first figure of morphological measurements for Apennine Rock partridge 
is reported.

Key words: captive morphological changes, environmental enrichment, morphometry, rear-
ing systems, sexual dimorphism in size.

Introduction

Rock partridge (Alectoris graeca Meis-
ner, 1804) has been recently declared 

as a near-threatened species in Europe 
(Birdlife International 2018) and vulnerable 
at national scale, in Italy, by Peronace et 
al. (2012) and Rondinini et al. (2013). The 
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species is included in Annex I of the EU 
Birds Directive and has been recently clas-
sified into Species of Conservation Con-
cern (SPEC 1), because of the continuing 
decline in the area of occupancy (Amici et 
al. 2009, Staneva and Burfield 2017).

Captures of wild birds for transloca-
tions, which are needed to reinforce wild 
populations and restore metapopula-
tion functionality, are ill-timed (Ellis et al. 
1978), because the small isolated pop-
ulations are at a critical state (Cattadori 
et al. 2003, Amici et al. 2013, Trocchi et 
al. 2016). Therefore, ex situ conserva-
tion programs and production systems of 
captive Rock partridges suited to the wild 
are necessary to ensure that insurance, 
reintroduction or restocking goals are met 
(Armstrong and Seddon 2008).

In ex situ conservation programs, ef-
forts commonly concentrate on preserving 
the genetic variability of the captive popu-
lations (Frankham et al. 1986). Although 
the preservation of genetic variability is 
clearly a principal objective, the behav-
ioural, physiological and morphological 
changes require attention because poten-
tial alterations caused by captive breeding 
could affect the animal’s ability to survive 
in natural environment (Liukkonen-Ant-
tila et al. 1999, 2000; Millán et al. 2003; 
Price 2002; Alonso et al. 2005; O’Regan 
and Kitchener 2005). Such changes have 
commonly been detected in multigener-
ational captive animals and have often 
been attributed to the ‘passive selection 
for animals that are behaviourally more 
suited to captivity’ (O’Regan and Kitchen-
er 2005). Morphology and behaviour have 
also been reported to respond and exhibit 
plasticity in adaptability to early environ-
mental stimuli (Whiteside et al. 2016, San-
tilli and Bagliacca 2017).

Natural or semi-natural rearing sys-
tems can mitigate the negative effects of 
intensive rearing, allowing for better sur-
vival rate after release (Buner and Aebi-
scher 2008, Pérez et al. 2015, Mihajlov 
et al. 2018). However, breeders rarely ex-
ploit this type of complex and expensive 
rearing strategy.

The effect of hand-rearing systems 
on the behaviour, physiology, soft tissues 
(gut, heart, liver, and gizzard) and mus-
cles development have been studied in 
wild galliform species (Paganin and Me-
neguz 1992, Bergero et al. 1995, Putaala 
et al. 1997, Liukkonen-Anttila et al. 2000, 
Tobalske and Dial 2000, Millán et al. 2003, 
Hess et al. 2005, Gaudioso et al. 2011a). 
Environmental enrichment protocols (Whi-
teside et al. 2016), antipredator training 
(Gaudioso et al. 2011b, Sánchez-García 
et al. 2016), complex diets (Whiteside et 
al. 2015) and pre-release acclimatization 
of young birds in protected wild-like envi-
ronment (Cocchi et al. 1998, Buner and 
Aebischer 2008), have been proposed to 
mitigate the negative effects of intensive 
hand-rearing systems.

However, captive morphological 
changes and associated potential disad-
vantages affecting viability of captive-bred 
Rock partridges when released into the 
wild need more attention and insights to 
understand if, how early and how strongly 
the effect of strict captivity could affect the 
functional morphology of the bird.

The aims of this study were to assess 
at which stage of growth and to what ex-
tent intensive rearing affects the external 
morphology of Rock partridge providing a 
first morphological description of the Ap-
ennine Rock partridge (Alectoris graeca 
graeca) and evaluating the magnitude of 
sexual dimorphism in size.
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Material and Methods

Assumptions

According to available knowledge, we 
developed our study on the premise that 
studying multigenerational captive birds, 
which are available in large quantities, 
would generate biased results because 
long periods of captivity can alter animal 
morphology (Price 2002, O’Regan and 
Kitchener 2005). Therefore, we decided 
that working with small samples represen-
tative of an uncorrupted wild phenotype 
was better than a large sample of multi-
generational captive birds. We based our 
study on four basic assumptions:

1. the wild phenotype, including the 
morphotype, is the most functional in the 
wild;

2. offspring of wild parents have a gen-
otype not corrupted by conscious or inad-
vertent artificial selection;

3. when subjected to stimuli like those 
in the wild, offspring of wild parents can 
adequately represent the wild morpho-
type;

4. morphological changes recorded in 
offspring produced by wild parents and 
reared under intensive conditions are the 
result of plasticity in adaptability to contin-
gent non-natural stimuli, and these chang-
es could be interpreted as a loss of func-
tionality in the wild (disadvantages).

Animals

For our experiment, because the critical 
conservation status of this species pre-
vents the capture of large number of wild 
birds, and with the aim to exclude the ge-
netic effect on the exterior morphology, we 
used two experimental groups of related 
chicks hatched from the eggs laid by the 

female of the same wild breeding pair.
Wounded wild birds captured in Si-

rente-Velino Mountains were assigned 
to an authorized fosterage and released 
into a dedicated rehabilitation aviary 
(50 m2 wide, 3 m high), where scattered 
rocks and composite vegetative cover 
were available. Seeds and feed specif-
ically intended for breeders (21  % CP,  
2750 Kcal/kg ME) were provided ad libi-
tum with a feeder hopper protected by a 
hut; water was also provided ad libitum.

The birds were maintained, for two 
successive reproductive seasons (April–
June), in standard conditions. These wild 
birds mated freely in the aviary, with the 
female laying 39 eggs overall. Eggs were 
collected daily, weighted, stored as de-
scribed in González-Redondo (2010) and 
artificially incubated in the third decade 
of June. Overall, thirty-three (33) eggs 
hatched after 23 days of artificial incuba-
tion.

Chicks were assigned to two groups, 
G1 and G2, consisting respectively of 
sixteen and seventeen individuals. Three 
chicks in G2 died during the first week 
post hatching. At sexual maturity, a 1:1 
sex ratio (8 males and 8 females) was 
verified in the G1 whereas in the G2 there 
were more males than females (8 males 
and 6 females).

Experimental design

The birds in G1, that was the treatment 
group, were reared under intensive con-
ditions. After hatching, the chicks were 
placed in a heated room in a cage at 
density of 16  chicks/m2 for up to 14 
days post-hatching (DPH). Heating was 
conducted as described in Günlü et al. 
(2007). From 15 to 35 DPH, the available 
indoor area was enlarged to allow density 
of 2 chicks/m2. From hatching to 35 DPH, 
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they were kept indoors on a concrete floor 
covered with straw. Starting at 36 DPH, 
the indoor-outdoor phase began in an ad-
jacent aviary of 25 m2. Henceforth, 2 m2 
per bird were available until the end of the 
trial. The group was fed ad libitum with a 
starter diet (28  % CP and 2850  Kcal/kg 
ME) during the first three weeks, and sub-
sequently with a second diet (22  % CP 
and 2850 Kcal/kg ME). Water was avail-
able ad libitum throughout the trial, and 
during the first day after hatching, it was 
fortified with sugar (5 % w/v) and minerals 
(0.05 % w/v).

The birds in G2, that was the control 
group, were reared in a semi-natural com-
plex environment under the guidance of 
their natural parents. After hatching, the 
chicks were immediately placed under 
the hen that continued to incubate surro-
gate eggs. The parental couple accepted 
the chicks without incident, and the fami-
ly group remained in a 50 m2 aviary in a 
complex semi-natural environment (al-
ternation of composite vegetative cover, 
draining ground, stones, rocks and ramps) 
until the end of the trial. The presence of 
ants, which were attracted by some up-
turned plant pots positioned as suggest-
ed by Buner and Aebischer (2008), was 
verified in the aviary. Edible seeds (Triti-
cum aestivum L., Hordeum vulgare L., 
Sorghum vulgare Pers., Pisum sativum L. 
and Vicia faba var. minor Beck) and green 
foods (Medicago sativa L. and Trifolium 
incarnatum L.) were available ad libitum, 
but during the first three weeks, chicks ate 
almost exclusively the arthropods (pupae 
and eggs) naturally present in the aviary 
and the moths that were artificially pro-
vided as recorded by direct observations. 
No mixed feed was given to the animals. 
Water was available ad libitum throughout 
the trial.

Data recording

Chicks were individually identified with 
non-toxic colour markers on the patagi-
um of the right wing. Starting at 14 DPH 
and continuing up to 98 DPH, the birds 
were weighed and measured fortnightly 
by the same researcher for eight external 
body traits (BTs). BTs recorded were body 
mass (BM), tarsus length (TL), tarsus 
depth (TD), tarsus width (TW), head width 
(HW), head length (HL), wing length (WL) 
and beak length (BL). TL was the distance 
between the proximal and the distal ends 
of the tarsus-metatarsus (Pis 2012). TD 
and TW were, respectively, the depth and 
the width of the tarsus-metatarsus at the 
distal end of the spur scale. HW was the 
distance between the two orbital faces 
of the frontal bone, and HL, between the 
midpoint of the occipital and the nasal face 
of the frontal bone (Çağlayan et al. 2011). 
WL was the distances between the wrist 
joint (radio-carpal) and the longest primary 
(Bernard-Laurent et al. 2003), and BL, the 
length of the straight line along the upper 
margin of the beak (Pis 2012). Partridges 
were weighed with an electronic balance 
(±0.01  g accuracy). All linear measures 
were taken to the nearest 0.01 mm with 
a digital calliper except for WL, which was 
measured by a ruler (±1 mm accuracy). All 
bilateral measurements were taken on the 
left side of the bird.

Statistical analyses

Data analysis was performed with R (R 
Development Core Team 2011). The nor-
mality of the data distribution was tested 
in each group using Q-Q plot and the Sha-
piro-Wilk test.

With the aim to assess the morphologi-
cal changes and the occurrence of SSD at 
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different stage of growth, an unbalanced 
2 × 2 (group and sex) full factorial ANO-
VA was performed. The GLM procedure 
(F-test) with type III sums of squares was 
used because it is independent of sample 
sizes. The effects of the group and of the 
sex were investigated by age in all the BTs 
separately as well as in their interaction 
(group × sex). Once verified the occur-
rence of not significant interactions be-
tween the main factors, the analysis was 

repeated with the type II sums of squares 
that, for non-significant interaction, gives 
a more powerful test. When the effects 
of the group were significant, the Tukey 
HSD post hoc test, Tukey-Kramer for un-
balanced cases, were used in pairwise 
comparisons.

The Sexual Size Dimorphism Index 
(SSDI) (Calabuig et al. 2011) was used 
to assess the magnitude of the sexual di-
morphism in size:

For all the statistics, 1 % significance 
level (p = 0.01) was accepted.

Results

At 14 DPH, in G1, difficulties were found 
in measuring WL and BL in a standardized 
and replicable way, because the tip of the 
longest primary and of the beak were of-
ten irregularly worn with indented edges. 

mean size of the males - mean size of the females
mean size of the females

SSDI= x100 .

 WL and BL were then excluded from the 
protocol because of inaccurate measures 
not reliable for group comparisons.

Morphological comparisons between 
groups

The group and sex interactions were 
never significant. Instead, the separate 
effects of the sex and of the group were 
significant in some cases (Table 1).

Table 1. Effects of the group and sex (GLM, F-test at p = 0.01) on BTs at 14, 28, 42, 56, 70, 
84 and 98 DPH.

Body traits: BM TL TD TW HW HL
DPH Effects F p F p F p F p F p F p

14
Group 11.71 0.002 4.39 0.061 4.13 0.069 0.04 0.922 23.78 0.000 2.80 0.098
Sex 4.66 0.040 5.60 0.025 2.77 0.111 0.95 0.337 1.13 0.298 0.99 0.328

28
Group 1.72 0.200 2.45 0.129 0.15 0.129 1.56 0.222 27.60 0.000 2.350 0.137
Sex 32.24 0.000 49.42 0.000 10.38 0.003 10.72 0.002 5.10 0.032 6.82 0.014

42
Group 4.24 0.054 0.30 0.514 3.44 0.055 0.03 0.693 97.39 0.000 0.01 0.903
Sex 11.72 0.002 91.12 0.000 13.17 0.001 19.25 0.000 9.46 0.050 33.33 0.000

56
Group 9.06 0.015 2.06 0.333 1.680 0.109 0.50 0.337 61.14 0.000 0.04 0.845
Sex 40.49 0.000 56.19 0.000 24.35 0.000 8.78 0.006 6.09 0.020 31.30 0.000

70
Group 6.06 0.047 1.08 0.564 2.73 0.051 5.79 0.011 10.48 0.004 0.03 0.970
Sex 27.51 0.000 59.33 0.000 31.39 0.000 14.26 0.000 5.13 0.032 14.36 0.000

84
Group 1.10 0.530 0.04 0.724 9.80 0.000 0.80 0.161 5.22 0.046 10.50 0.000
Sex 15.00 0.000 34.09 0.000 39.16 0.000 23.25 0.000 5.23 0.030 18.89 0.000

98
Group 0.86 0.617 0.00 0.540 6.29 0.004 8.71 0.001 3.29 0.143 121.39 0.000
Sex 16.88 0.000 37.21 0.000 35.54 0.000 28.19 0.000 10.33 0.003 28.22 0.000

Note: significant differences are bolded.
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The group’s effect was graphically rep-
resented (Fig. 1) aiming to provide a com-
plete figure of this effect.

Birds in G1 were constantly heavier 
than birds in G2 although not always at 
the chosen statistical significance level. 

BM was significantly different between 
groups at 14 DPH.

TL was not sensitive to the intensive 
rearing; in fact, the average values of 
both groups overlapped somewhat con-
sistently during the entire observation 

Fig. 1. Comparisons (GLM F-test at p = 0.01) between G1 (grey bars) and G2 (white bars).
Note: vertical bars denote standard deviations (SD); ** p < 0.01, *** p < 0.001.
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period. TD and TW showed the first sig-
nificant difference between groups at 84 
DPH and 98 DPH respectively. These 
measures were higher in G1 at an early 
stage of growth but at 28 and 42 DPH, 
respectively, the average values of G2 
exceeded those of G1. Birds in G1 had 
wider heads (HW) than birds in G2, but 
this difference, which was greatest at 42 
DPH, narrowed progressively and main-
tained significance until 70 DPH but not 
after. HL was not sensitive to the inten-
sive rearing until 84 DPH; in fact, in the 
period between 14 DPH and 70 DPH, the 
average values of the groups constantly 

overlapped. After 70 DPH, HL reached a 
plateau in G1 and continued to grow in 
G2. Differences in HL between groups 
became significant at 84 DPH.

Sexual dimorphism in size

A significant effect of sex was detected 
starting from 28 DPH (Table 1) and a de-
scriptive statistic of each BT, is also pro-
vided by sex and group in tables 2 and 3. 
For sex comparisons p = 0.05 significance 
level would allow to highlight differences 
between sexes 14 days earlier than 0.01 
level.

Table 2. Descriptive statistics (mean ± SD) of males (n = 8) and females (n = 8) of G1.

Body 
traits Sex

Days post hatching
28 42 56 70 84 98

BM
141.91±8.4 237.57±21.2 355.12±20.3 430.30± 37.5 469.11±64.4 507.11±64.4

118.32±11.2 206.83±12.4 295.65±29.8 365.15± 46.8 403.61±54.1 427.42±57.1

TL
33.70±0.7 39.72±1.0 43.14±1.6 43.52±1.2 42.98±1.9 43.03±1.7

30.83±1.3 35.12±1.4 38.83±1.6 39.06±1.7 38.94±1.5 38.80±1.6

TD
3.75±0.1 4.20±0.2 4.56±0.3 4.66±0.3 4.71±0.3 4.81±0.3

3.39±0.2 3.87±0.1 4.14±0.1 4.22±0.1 4.23±0.1 4.35±0.1

TW
5.49±0.2 6.40±0.3 6.85±0.5 7.18±0.4 7.45±0.3 7.36±0.2

5.13±0.3 5.94±0.3 6.51±0.4 6.76± 0.4 7.04±0.2 6.88±0.3

HW
16.57±0.6 18.62±0.4 19.42±0.6 19.65±0.8 20.40±1.0 20.81±0.9

15.82±0.4 17.90± 0.8 18.82± 0.7 19.08±0.8 19.60±0.7 19.96±0.5

HL
29.87±0.6 32.56±0.5 34.86±0.5 36.74±1.2 36.14±0.5 36.08±0.7

28.69±0.9 31.36±0.5 33.58±0.7 34.78±1.6 34.82±1.4 34.33±0.7
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Table 3. Descriptive statistics (mean ± SD) of males (n = 8) and females (n = 6) of G2.

Body 
traits Sex

Days post hatching 
28 42 56 70 84 98

BM
139.43±15.1 215.58±17.1 324.41±16.4 401.68±17.7 455.41±32.2 489.02±45.1

107.43±16.5 194.62±31.6 273.82±26.1 329.25±33.5 378.86±37.9 409.31±31.1

TL
32.63±0.7 39.01±0.6 41.88±1.2 42.39±1.4 42.19±1.6 42.32±1.7

30.96±0.4 36.26±0.9 38.61±0.7 39.14±0.9 39.50±1.1 39.54±1.1

TD
3.70±0.3 4.36±0.2 4.67±0.2 4.77±0.2 4.92±0.2 5.00±0.2

3.52±0.2 4.05±0.3 4.25±0.3 4.37±0.1 4.48±0.1 4.55±0.1

TW
5.32±0.2 6.48±0.2 7.06±0.2 7.51±0.3 7.61± 0.3 7.70±0.2

5.06±0.3 5.90±0.4 6.51±0.3 7.01±0.2 7.05±0.2 7.12±0.3

HW
15.24±0.6 16.46±0.5 17.57±0.3 18.83±0.6 19.60±0.5 20.27±0.4

15.17±0.5 15.96±0.3 17.02±0.8 18.27±0.2 19.21±0.4 19.68±0.5

HL
29.07±1.2 32.51±0.5 34.83±0.6 36.34±0.7 37.69±0.7 38.86±0.7

28.44±1.10 31.31±0.79 33.51± 0.80 35.03± 0.9 35.71±1.2 37.68±0.1

DIG1 = 19.94, SSDIG2 = 19.80) and then 
decreased before reaching the maximum 
values at 56 DPH in G1 (SSDI = 20.12) 
and at 70 DPH in G2 (SSDI = 22.00). The 
SSDI in TL reached its maximum in G1 

In both G1 and G2, SSDI showed larg-
er features in males than in females (figs 
2 and 3).

In both G1 and G2, the SSDIs in 
BM showed a peak at 28 DPH (SS-

Fig. 2. Trends of Sexual Size Dimorphism Index in G1.
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and G2, respectively, at 42 DPH (SSDIG1 
= 13.10) and 56 DPH (SSDIG2 = 8.46). 
For TD, the maximum SSDI occurred in 
G1 and G2, respectively, at 84 DPH (SS-
DIG1 = 11.38) and 98 DPH (SSDIG2 = 
10.05). The third measure of TW reached 
its maximum dimorphism in size at 42 
DPH in both groups (SSDIG1 = 7.68, SS-
DIG2 = 9.83). The maximum difference 
between sexes in HL occurred in G1 and 
G2, respectively, at 70 DPH (SSDIG1 
= 5.62) and 84 DPH (SSDIG2 = 5.54). 
Overall, the maximum SSD did not exhibit 
a very different magnitude (SSDI) in the 
groups but was always observed at least 
two weeks earlier in the treatment group 
than in the control one.

Discussion

The slight wounds and cuts on the beaks’ 
tips and primary feathers recorded in G1 
during the indoor phase are probably con-

sequences of aggressiveness and ago-
nistic interactions between captive chicks 
housed at high densities without shelters 
or shields. In these conditions, aggres-
sive behaviour is well known (Duncan and 
Hawkins 2009). These injuries impair the 
use of BL and WL as reliable morpholog-
ical indicators. Unfortunately, our data do 
not allow the assessment of the resilience 
times of these injuries that, in the case 
of permanence until the time of release, 
could represent a limiting factor for the 
birds’ survival in the wild.

At least up to 28 DPH, the birds in G1 
showed larger size than those in G2, al-
though not always significantly. However, 
according to the BTs considered, the birds 
in G2 compensated, and in some cases 
surpassed the measurements of the birds 
in G1 (Fig. 1). This evidence suggests that 
the intensive rearing system minimizes 
energy costs and provides more resourc-
es for growth at an early stage, but also 
suggests that life in an enriched semi-nat-

Fig. 3. Trends of the Sexual Size Dimorphism Index in G2.
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ural habitat allows for progressive and 
greater development of the muscles (Whi-
teside et al. 2016, Santilli and Bagliacca 
2017) which mitigate the overall differenc-
es in BM.

In contrast with Whiteside et al. (2016) 
and Santilli and Bagliacca (2017) who re-
ported, respectively, that 7- and 5-week-
old pheasants grown in an environment 
enriched with perches were heavier than 
those subjected to standard commercial 
rearing conditions, we found differences in 
BM between groups only at 14 DPH with 
birds in G1 heavier than birds in G2. These 
authors explained their results highlight-
ing that when natural or artificial perches 
are available, young pheasants are incen-
tivized to fly to perches for roosting or to 
escape chases and that a frequent take-
off allows for the marked development of 
pectoral muscles; differently, in Rock par-
tridges, the tendency to use perches is un-
known in both nature and captivity. In G2 
we found that the use of wings was lim-
ited to occasional short flights and Wing 
Assisted Incline Running (Dial 2003). Our 
result is in accordance with that of Akşit 
et al. (2017) who recorded significant dif-
ferences between broiler chickens provid-
ed with perches and conspecifics without 
perches only at 14 DPH. These authors 
hypothesized that the lower body weight 
of chickens with perches could be associ-
ated with their higher activity and that this 
is a transitory condition because activity 
tended to decrease as birds aged accord-
ing to Bailie et al. (2013).

In our study, birds in G2 moved inside 
the semi-natural aviary principally on foot, 
walking or running on the rough and un-
even ground, enriched with rocks and 
ramps.

The exercise in this complex environ-
ment allowed for a greater development 
of the muscles of the limbs according to 

Whiteside et al. (2016) and Santilli and 
Bagliacca (2017). In fact, birds in G2, 
showed wider and deeper tarsi than those 
observed in G1 at 84 and 98 DPH respec-
tively.

In our study, TL consistently over-
lapped between the groups. Likewise, 
Bernard-Laurent et al. (2003) did not 
observe significant differences in TL be-
tween hand-reared and wild A. g. saxatilis 
(Bechstein, 1805) males. Most likely, this 
result is due to the heritability of this trait 
(Kondra and Shoffner 1955, Lerner 1989).

The higher values of HL observed in 
G1 at 70 DPH are quite difficult to explain 
because we have not specifically focused 
on brain mass and cranial volume. How-
ever, other authors found these parame-
ters positively correlated with the cogni-
tive abilities of the examined animal and 
that the complexity of the environmental 
stimuli is a crucial factor in this regard (Sol 
et al. 2005, 2007; Møller 2010; Whiteside 
et al. 2016).

Concerning the wider head (HW) re-
corded in G1 until 70 DPH, we suppose, 
according to Mani (2008), it may depend 
on a slight irritation of the respiratory mu-
cosa, due to ammonia in the air during the 
indoor phase, with consequent swelling of 
the eyelids or eyebrows.

As expected, our results reveal sexu-
al dimorphism in size (SSD) in both G1 
and G2 with males larger than females 
and without notable differences between 
groups. However, SSD occurred earlier in 
G1 than in G2 as well as the maximum 
distance between males and females that 
occurred first in G1 and at least 2 weeks 
later in G2. Anderson et al. (1993) proved 
that in sexually dimorphic bird species, 
the larger sex grows faster than the small-
er one and requires more energy during 
growth. Evidently, intensive rearing, artifi-
cially heating, low exercise and ad libitum 
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availability of industrial feed amplify the 
differences between sexes in growth rate 
at least at an early stage of growth.

Conclusions

In this paper, we present evidences that 
intensive rearing determines significant 
morphological changes in Rock partridg-
es, particularly at the tarsus level, that 
are recordable, with high statistical signif-
icance (p ≤ 0.01), starting from 84 DPH. 
Furthermore, we cannot exclude that 
feathers and beaks usury, recorded on 
intensive reared birds, could persist and 
limit their survival probability when re-
leased in the wild.

Therefore, the semi-natural rearing 
approach should be encouraged because 
it can mitigate the negative effects of the 
intensive rearing, allowing for a better sur-
vival rate after release.

However, breeders rarely exploit this 
type of complex and expensive rearing 
strategy, then, where intensive reared 
birds are the only possible choice, we 
recommend their translocation from strict 
captivity to wild-like pre-release acclima-
tization site, where they can exercise be-
fore the final release into the wild, within 
70 DPH. Within this time limit, birds seem 
not significantly corrupted by the intensive 
rearing, at least morphologically, and the 
chance of fostering by barren wild pairs 
could be preserved where Rock partridg-
es are still present, as suggested by Bun-
er and Aebischer (2008) in the guidelines 
for re-establishing Grey partridge (Perdix 
perdix Linnaeus, 1758) through releasing.

In addition, although molecular sex de-
termination methods are already available 
(Vucicevic et al. 2013), the magnitude of 
SSD suggests the possibility of a cheap, 
expeditious and early accurate sex de-

termination facilitating the translocation 
of sex-balanced groups. In this view, fur-
ther researches should be oriented on the 
development of early sex determination 
methods based on SSD.

Acknowledgements

The authors are grateful to Fabrizio and 
Emanuela Marricchi (Breeding La Star-
niana, Onano, Viterbo, Italy), who made 
this study possible by providing facilities, 
carefully managing the parents and the 
experimental groups of chicks, and the 
Rehabilitation Centre of the Riserva Na-
turale Regionale Lago di Vico. Authors 
thank the reviewers for the help in improv-
ing the text.

References

Akşit M., Kaçamakli Yardim Z., Servet Y. 2017. 
Environmental enrichment influences on 
broiler performance and meat quality: ef-
fect of light source and providing perch-
es. European Poultry Science 81: DOI: 
10.1399/eps.2017.182.

Alonso M.E., Pérez J.A., Gaudioso V.R., Díez 
C., Prieto R. 2005. Study of survival, dis-
persal and home range of autumn-released 
red-legged partridges (Alectoris rufa). Brit-
ish Poultry Science 46: 401–406.

Amici A., Pelorosso R., Serrani F., Boccia L. 
2009. A nesting site suitability model for 
rock partridge (Alectoris graeca) in the 
Apennine Mountains using logistic regres-
sion. Italian Journal of Animal Science 8(2): 
751–753.

Amici A., Serrani F., Primi R., Adriani S., Viola 
P., Bonanni M. 2013. Status of rock par-
tridge Alectoris graeca in Lazio Region, 
Central Italian Apennine: six years of mon-
itoring. Avocetta 37: 119–124.

Anderson D.J., Reeve J., Martinez Gomez J.E., 
Weathers W.W., Hutson S., Cunningham 



286	 P. Viola, R. Primi, F. Gabbianelli, P. P. Danieli, L. Lucentini, and A. Amici

H.V., Bird D.M. 1993. Sexual size dimor-
phism and food requirements of nestling 
birds. Canadian Journal of Zoology 71: 
2541–2545.

Armstrong D.P., Seddon P.J. 2008. Directions 
in reintroduction biology. Trends in Ecology 
& Evolution 23: 20–25.

Bailie C.L., Ball M.E., O’Connell N.E. 2013. 
Influence of the provision of natural light 
and straw bales on activity levels and leg 
health in commercial broiler chickens. An-
imal Welfare 7: 618–626.

Bergero D., Debernardi M., Mussa P.P., Pag-
anin M. 1995. Effetto di diete a diverso con-
tenuto in fibra ed in energia sulle prestazi-
oni riproduttive delle coturnici (Alectoris 
graeca). Rivista di Avicoltura 9: 37–39.

Bernard-Laurent A., Corda E.M., Soyez D. 
2003. Sex differences in body measure-
ments of Rock partridges (Alectoris graeca 
saxatilis) inhabiting the southern French 
Alps. Avocetta 27: 181–186.

Birdlife International 2018. Species factsheet: 
Alectoris graeca. Available at: http://www.
birdlife.org on 21/02/2019.

Buner F., Aebischer N.J. 2008. Guidelines for 
re-establishing grey partridges through re-
leasing. Game and Wildlife Conservation 
Trust, Fordingbridge, ISBN 978-1-901369-
17-5. 18 p.

Çağlayan T., Kirikçi K., Günlü A., Alaşahan S. 
2011. Some body measurements and their 
correlations with live weight in the rock par-
tridge (Alectoris graeca). African Journal of 
Agricultural Research 6: 1857–1861.

Calabuig C.P., Green A.J., Ferrer M., Muriel 
R., Moreira H. 2011. Sexual size dimor-
phism and sex determination by morpho-
metric measurements in the coscoroba 
swan. Studies on Neotropical Fauna and 
Environment 46: 177–184.

Cattadori I.M., Ranci-Ortigosa G., Gatto M., 
Hudson P. 2003. Is the rock partridge Alec-
toris graeca saxatilis threatened in the 
Dolomitic Alps? Animal Conservation 6: 
71–81.

Cocchi R., Riga F., Toso S. 1998. Pheasant 
biology and management. Technical doc-
uments, 22, National Institute for Wildlife 
(INFS), Ozzano dell’Emilia, ISSN 1121–

4120. 146 p.
Dial K.P. 2003. Wing-assisted incline running 

and the evolution of flight. Science 299: 
402–404.

Duncan I.J., Hawkins P. 2009. The welfare of 
domestic fowl and other captive birds. An-
imal Welfare 9. DOI 10.1007/978-90-481-
3650-6_12.

Ellis D.H., Dobrott S.J., Goodwin J.G 1978. 
Reintroduction techniques for Masked 
Bobwhites. In: Temple S.A. (Eds). Endan-
gered birds: management techniques for 
preserving Endangered birds: University of 
Wisconsin Press, Madison: 345–354.

Frankham R., Hemmer H., Ryder O.A, Cothran 
E.G., Soulé M.E., Murray N.D., Snyder M. 
1986. Selection in captive populations. Zoo 
Biology 5: 127–138.

Gaudioso V.R., Pérez J.A., Sánchez-García 
C., Armenteros J.A., Lomillos J.M., Alon-
so M.E. 2011a. Isolation from predators: a 
key factor in the failed release of farmed 
red-legged partridges (Alectoris rufa) to the 
wild? British Poultry Science 52: 155–162.

Gaudioso V.R., Sánchez-García C., Pérez J.A., 
Rodríguez P.L., Armenteros J.A., Alon-
so M.E. 2011b. Does early antipredator 
training increase the suitability of captive 
red-legged partridges (Alectoris rufa) for 
releasing? Poultry Science 90: 1900–1908.

González-Redondo P. 2010. Effect of long-term 
storage on the hatchability of red-legged 
partridge (Alectoris rufa) eggs. Poultry Sci-
ence 89: 379–383.

Günlü A., Kirikҫi K., Çetin O., Garip M. 2007. 
The effect of stocking density on growth 
performance and average cost in partridge 
rearing (Alectoris graeca). Poultry Science 
86: 1800–1804.

Hess M.F., Silvy N.J., Griffin C.P., Lopez R.R., 
Davis D.S. 2005. Differences in flight char-
acteristics of pen-reared and wild prai-
rie-chickens. The Journal of Wildlife Man-
agement 69: 650–654.

Kondra P.A., Shoffner R.N. 1955. Heritability 
of some body measurements and repro-
ductive characters in turkeys. Poultry Sci-
ence 34: 1262–1267.

Lerner I.M. 1989. Allometric studies of poul-
try. Proceedings of the XIX World’s Poultry 



	 Effect of Intensive Rearing on Functional Morphology: A Case Study ...	 287

Congress 7: 86–88.
Liukkonen-Anttila T., Putaala A., Hissa R. 1999. 

Does shifting from a commercial to a natu-
ral diet affect the nutritional status of hand-
reared grey partridges Perdix perdix? Wild-
life Biology 5(1): 147–156.

Liukkonen-Anttila T., Saartoala R., Hissa R. 
2000. Impact of hand-rearing on mor-
phology and physiology of the capercaillie 
(Tetrao urogallus). Comparative Biochem-
istry and Physiology. Part A. Molecular & 
Integrative Physiology 125: 211–221.

Mani P. 2008. Hygiene and prophylaxis in par-
tridge rearing. In: Bagliacca M., Fronte B., 
Galardi L., Mani P., Santilli F. Guidelines 
for grey and red-legged partridges rearing. 
ARSIA, Firenze, ISBN 978-88-8295-103-0: 
55–66. 

Mihajlov C., Gruychev G., Stoyanov S., An-
gelov E. 2018. Rock partridge (Alectoris 
graeca) recovery program: first evidences 
on survival and dispersion rate of semi-nat-
ural reared birds in ‘Vrachanski Balkan’ Na-
ture Park. Forestry Ideas 24(2): 208–216.

Millán J., Gortázar C., Buenestado F.J., Rodrí-
guez P., Tortosa F.S., Villafuerte R. 2003. 
Effects of a fiber-rich diet on physiology 
and survival of farm-reared red-legged par-
tridges (Alectoris rufa). Comparative Bio-
chemistry and Physiology. Part A. Molec-
ular & Integrative Physiology 134: 85–91.

Møller A.P. 2010. Brain size, head size and 
behaviour of a passerine bird. Journal of 
Evolutionary Biology 23: 625–635.

O’Regan H.J., Kitchener A.C. 2005. The effects 
of captivity on the morphology of captive, 
domesticated and feral mammals. Mammal 
Review 35: 215–230.

Paganin M., Meneguz P. 1992. Gut length of 
wild and reared rock partridges (Alectoris 
Graeca): its role in release success. Gibier 
Faune Sauvage 9: 709–715.

Pérez J.A., Sánchez-García C., Díez C., Bar-
tolomé D.J., Alonso M.E., Gaudioso V.R. 
2015. Are parent-reared red-legged par-
tridges (Alectoris rufa) better candidates 
for re-establishment purposes? Poultry 
Science 94: 2330–2338.

Peronace V., Cecere J.G., Gustin M., Rondinini 
C. 2012. Nesting birds Italian red list. Avo-

cetta 36: 11–58.
Pis T. 2012. Growth and development of chicks 

of two species of partridge: the grey par-
tridge (Perdix perdix) and the chukar (Alec-
toris chukar). British Poultry Science 53: 
141–144.

Price E.O. 2002. Animal domestication and be-
haviour. CABI, Wallingford, ISBN 978-08-
5199-597-7. 297 p.

Putaala A., Oksa J., Rintamäki H., Hissa R. 1997. 
Effects of hand-rearing and radiotransmit-
ters on flight of gray partridge. The Journal 
of Wildlife Management 61: 1345–1351.

R Development Core Team 2011. R: a language 
and environment for statistical computing. 
R Foundation for Statistical Computing, Vi-
enna, Austria.

Rondinini C., Battistoni A., Peronace V., Teofili 
C. 2013. Vertebrates Italian red list. IUCN 
Italian Committee and Ministry of Envi-
ronment and Protection of Land and Sea, 
Roma. 54 p.

Sánchez-García C., Alonso M.E., Tizado E.J., 
Pérez J.A., Armenteros J.A., Gaudioso 
V.R. 2016. Anti-predator behaviour of adult 
red-legged partridge (Alectoris rufa) tutors 
improves the defensive responses of farm-
reared broods. British Poultry Science 21: 
1–11.

Santilli F., Bagliacca M. 2017. Effect of perch-
es on morphology, welfare and behaviour 
of captive reared pheasants. Italian Journal 
of Animal Science 16: 317–320.

Sol D., Duncan R.P., Blackburn T.M., Cassey 
P., Lefebvre L. 2005. Big brains, enhanced 
cognition, and response of birds to novel 
environments. Proceedings of the National 
Academy of Sciences 102: 5460–5465.

Sol D., Székely T., Liker A., Lefebvre L. 2007. 
Big-brained birds survive better in nature. 
Archive of Proceedings of the Royal Soci-
ety B: Biological Sciences 274: 763–769.

Staneva A., Burfield I. 2017. European birds of 
conservation concern. Populations, Trends 
and national responsibilities. BirdLife Inter-
national. 172 p.

Tobalske B.W., Dial K.P. 2000. Effects of body 
size on take-off flight performance in the 
Phasianidae (Aves). Journal of Experimen-
tal Biology 203: 3319–3332.



288	 P. Viola, R. Primi, F. Gabbianelli, P. P. Danieli, L. Lucentini, and A. Amici

Trocchi V., Riga F., Sorace A. 2016. National 
Action Plan for the rock partridge (Alectoris 
graeca). Quaderni di Conservazione della 
Natura, 40 MATTM – ISPRA – Institute for 
Environmental Protection and Research, 
Roma, ISSN: 1592–2901. 84 p.

Vucicevic M., Stevanov-pavloviĆ M., Stevanovic 
J., Bosnjak J., Gajic B., Aleksic N., Stani-
mirovic Z. 2013. Sex determination in 58 
bird species and evaluation of CHD gene 
as a universal molecular marker in birds 
sexing. Zoo Biology 32: 269-275.

Whiteside M.A., Sage R., Madden J.R. 2015. 

Diet complexity in early life affects survival 
in released pheasants by altering foraging 
efficiency, food choice, handling skills and 
gut morphology. Journal of Animal Ecology 
84: 1480–1489.

Whiteside M.A., Sage R., Madden J.R. 2016. 
Multiple behavioural, morphological and 
cognitive developmental changes arise 
from a single alteration to early life spatial 
environment, resulting in fitness conse-
quences for released pheasants. Royal So-
ciety Open Science 3(3): 160008 Available 
at: https://doi.org/10.1098/rsos.160008.


