" BioOne COMPLETE

Dynamics of a reintroduced population of red-legged
partridges Alectoris rufa in central Italy

Authors: Meriggi, Alberto, and Stella, Roberto Mazzoni della
Source: Wildlife Biology, 10(1) : 1-9

Published By: Nordic Board for Wildlife Research

URL: https://doi.org/10.2981/wlb.2004.002

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Wildlife-Biology on 06 May 2024
Terms of Use: https://bioone.org/terms-of-use



ORIGINAL ARTICLES

Dynamics of a reintroduced population of red-legged partridges
Alectoris rufa in central Italy

Alberto Meriggi & Roberto Mazzoni della Stella

Meriggi, A. & Mazzoni della Stella, R. 2004: Dynamics of a reintroduced pop-
ulation of red-legged partridges Alectoris rufa in central Italy. - Wildl. Biol.
9: 1-9.

In order to evaluate the success of a population of red-legged partridges
Alectoris rufa reintroduced into a 33.7 km2study area, we estimated 15 demo-
graphic parameters from 1996 to 1999 by regularly monitoring the population
through winter, spring and summer mapping censuses. During the study peri-
od, late winter population and spring dispersal decreased, pair number, brood
number, brood production rate, chick survival and over winter losses were
stable, whereas average brood size, juvenile number, age ratio, adult spring to
summer survival, late summer population, and population growth rate from spring
to late summer all increased. The population showed a moderate improvement
in the overall productivity, mainly related to increased production of young and
to a decrease in adult mortality. The improvement in breeding performance took
place, in particular, after the second year of study with the conclusion of the
releasing session of reared birds.
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About 27% of Galliform species are threatened with ex-
tinction compared to 12% of bird species on a global
scale. Moreover, up to twothirds of unthreatened Galli-
form species are declining (Rands 1992, Potts & Ae-
bischer 1995, UNEP-WCMC 2001). In Europe, most
Galliform species have an unfavourable conservation sta-
tus and are classified as 'Species of European Conser-
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vation Concern' (SPEC) at several levels, each of which
depends on various factors, such as population trend and
distribution, and whether they are concentrated or not
in Europe (Tucker & Heath 1994).

The red-legged partridge Alectoris rufa is an impor-
tant game-bird species in the western Palaearctic due to
its commercial value, and it is classified as SPEC 2 based


mailto:meriggi@unipv.it

on two factors: a marked population decline and a popu-
lation spread limited to Europe. The decline in red-
legged partridge has occurred throughout its range,
and the species is considered vulnerable (Aebischer &
Potts 1994, Tucker & Heath 1994, Aebischer & Lucio
1996, Borralho, Carvalho, Rego & Vaz Pinto 1999). The
most important causes of the decline are the intensifi-
cation of agriculture and the related loss of suitable habi-
tats. However, in some southern European areas such
as in Italy, where habitat changes are still restricted, it
is possible that over-hunting has played an important role
in reducing population density thus causing extinction
of species at local levels (Aebischer & Lucio 1996). More-
over, in order to sustain the heavy hunting pressure, mas-
sive releases of reared birds are carried out in several
countries, which lead to consequent problems includ-
ing overshooting of wild stocks, increased predation pres-
sure and increased spreading of diseases (Aebischer &
Lucio 1996, Gortazar, Villafuerte & Martin 2000).
Often, hybrids of A. rufa X A. chukar and A. rufa X A.
graeca are used for restocking, and this might disrupt the
genetic pool of wild populations and cause productivi-
ty reductions in wild populations because of the low
reproductive performance of the hybrids (Potts 1989).

In the areas where the species is extinct and the habi-
tat can still be considered suitable, reintroductions may
act as an effective tool to restore the original range and
to re-establish wild populations. However, a major prob-
lem lies in assessing whether the reintroduced popula-
tions can effectively be self-sustaining in the long term,
and whether they can reach reproductive performances
comparable to those of natural populations (Dowell
1992).

Captive-born partridges have to be used for reintro-
ductions as few, if any, of the wild populations can sus-
tain the removal of several hundreds animals per year
to be translocated into reintroduction areas. Dowell
(1992) identified four main factors likely to affect the
reintroduction success of small game species when
farm-bred individuals are used: a) genetic and behav-
ioural differences between reared and wild animals, b)
physiological problems and disease resistance, ¢) den-
sity-dependent predation at release sites and d) habitat
changes. Consequently, restocking and reintroduction
programmes need to solve problems concerning accli-
matisation, sanitary control, genetic purity and diversity,
and low survival and reproductive performances (Beck,
Rapaport, Stanley Price & Wilson 1994, Kleiman, Stan-
ley Price & Beck 1994, Millan, Gortazar & Villafuerte
2001, Millan, Gortazar, Tizzani & Buenestado 2002).

Despite the widespread use of releasing captive-born
red-legged partridges, little information is available on
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the success of this tool (Bran & Aubineau 1989, Havet
& Biadi 1990, Carvalho, Castro-Pereira, Capelo & Bor-
ralho 1998, Gortazar et al. 2000). Moreover, the major-
ity of studies deal with release success, i.e. with the sur-
vival of released birds, rather than with the effectiveness
of the restocking and reintroduction programmes of
enhancing population levels or re-establishing natural
and self-sustaining populations.

In this paper we describe the demography of a rein-
troduced population of red-legged partridges in central
Italy where the species went extinct during the first dec-
ades of the 20th century (Massi 1990, Baccetti 1996,
Foschi, Bulgarini, Cignini, Melletti, Pizzari & Visentin
1996). Our research was conducted with the aim of eval-
uating the reintroduction success by focusing on the
dynamics of the reintroduced population, and compar-
ing the demographic parameters with those of other wild
populations in Europe.

Material and methods

Study area

The 33.7-km2study area is located in a hilly zone in the
southern province of Siena in Tuscany, central Italy, at
300 - 600 m as.1.. Annual precipitation averages 752 mm
with two peak seasons in April (68.1 mm) and November
(111.2 mm), respectively, and with a minimum season
in July (30 mm). The average annual temperature is
13.7°C (January: 5.5°C; July: 23.9°C). Land use classes
(detected by aerial photographs at a scale of 1:10,000
and direct surveys) include oak Quercus pubescens
and Q. ulmifolia woods (7.9 %), gullies and scrub
(15.4%), fallow fields (4.0%), sheep pastures (15.4%),
crops (winter wheat, barley, sunflower and alfalfa;
35.9%), olive tree groves and vineyards (1.0%) and
human settlements (3.3%). Hedgerows and margins
with herbaceous vegetation covered 17.1% of the study
area. Cereal fields are treated with herbicides only.
Gullies and scrub decreased by 5.1% during the study
period and fallow fields by 78.3%, whereas pastures and
crops increased by 9.2 and 17.7%, respectively. Woods,
olive tree groves, vineyards, human settlements and
hedgerows remained stable. The study area is situated
at the southern boundary of the historical range of the
red-legged partridge, and no partridges were present in
the region before the beginning of the study, as the
species became extinct in the first decades of the 20th
century. Since 1994, partridge hunting has been pro-
hibited in the study area, and in the surrounding areas,
where red-legged partridge is a protected species, hunt-
ing is mainly carried out on pheasant Phasianus colchi-



cus, European hare Lepus europaeus, wild boar Sus scro-
fa and roe deer Capreolus capreolus.

Releases

A total of 2,132 captive-reared red-legged partridges aged
90-120 days were released in the study area from 1995
to 1997 (1995: 632; 1996: 1,000; 1997: 500). In order
to increase genetic diversity and to avoid inbreeding in
the initial population, partridges came from three dif-
ferent game farms. These farms were free from para-
sites (coccidian and helmints) and other diseases, and
sanitary treatments were not applied during the accli-
matisation period. Each bird was checked for morpho-
logical indexes of hybridisation with Alectoris graeca
and A. chukar, in particular for the double black bar on
the feathers covering the flanks. Releases took place in
late summer (August-September) in an acclimatisation
pen of 5 ha which contained 20 aviaries 0f2x4 x2m
each. In each aviary, 20-30 birds were maintained for
at least seven days after which the partridges were releas-
ed in flocks, aviary by aviary, with a time interval of two
days between flocks. We used this method in order to
create group relations and to avoid the formation of ex-
cessively large groups beyond the size of natural coveys.
All partridges were tagged with numbered ponchos of
a different colour for each year of the study period. To
reduce mortality of released birds, and to increase sur-
vival and reproductive success, 107 feeding sites kept
all year round, were placed scattered in the study area
and equipped with automatic feeders and watering
troughs. Crows Corvus corone cornix and magpies Pica
pica were controlled by use of Larsen traps, and red foxes
Vulpes vulpes culled by night-shooting. Predator control
was performed with particular care in the surrounding
areas of the acclimatisation pen in late summer and
autumn, but was extended to the whole study area dur-
ing the breeding season.

Field procedures

The population was monitored all year round from
January 1996 to October 1999 by means of censuses of
winter coveys, pairs and broods carried out by use of the
mapping method (Blondel 1969, Pépin 1983). Searching
effort was equally distributed by a net of transects (127.6
km in total) that covered the whole study area. Every
two weeks, transects were completely covered by five
trained observers. Surveys were carried out during the
first three hours after dawn and the last three hours
before dusk. A tape-recorded call was used in spring to
increase pair detectability (Pépin 1983, Ricci 1985, Gib-
bons, Hill & Sutherland 1996). We used the colour and
the number on the ponchos to distinguish between win-
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tering coveys and pairs, whereas broods were identified
by age and by the ponchos of accompanying adults.
When few or no marked birds were present in the popu-
lation, simultaneous observations were used to identi-
fy different coveys, pairs and broods (Gibbons et al.
1996). The age of the chicks was assessed from the moult
stage and were classified as < 10 days old, 10-30 days
old, 30-60 days old, and > 60 days old (Alkon 1982).
Observers plotted the locations of partridge sightings,
calling birds, tracks and droppings on 1:10,000 aerial
photographs, recording the number of detected birds, the
colour and the number of the ponchos, and, forjuveniles,
their age classes.

Each year we estimated the density of nesting crows
and magpies by complete counts of nests in early win-
ter, and the abundance of foxes (number of individu-
als/km) using nocturnal transects (37.6 km) and spot-
light in early spring (Von Schantz & Liberg 1982, Fa-
sola, Prigioni, Barbieri & Meriggi 1985).

Estimated population parameters

For each year we assessed the following demographic
parameters from the collected data: 1) Late winter popu-
lation size and density; 2) early spring population and
density; 3) spring dispersal (estimated as the percent-
age difference between late winter and early spring
population and thus including winter mortality); 4) pair
number and density; 5) brood number and density; 6)
percentage of successfully reproducing pairs, i.e. the per-
centage of pairs accompanied by at least one young; 7)
average brood size at hatching (the arithmetic mean of
hatched eggs per successful nest); 8) average brood
size (the arithmetic mean of the chick number per brood
in all age classes); 9) chick survival rate (CSR; estimated
as the reciprocal of the percentage difference between
the average size of broods > 30 days old and at hatch-
ing; for the pooled study years CSR was estimated to
> 60 days old; 10) juvenile number and density in late
summer (juveniles being the birds bom in the year and
surviving until late summer); 11) age ratios (the num-
ber of juveniles in summer over the number of adults
in spring and over the number of adults remaining after
the breeding season); 12) adult losses from spring to sum-
mer (percentage difference between the number of par-
tridges in early spring and the number of adults in late
summer); 13) late summer population and density; 14)
population growth rate from spring to late summer (per-
centage difference between the population in late sum-
mer and in early spring); and 15) over-winter losses (per-
centage difference between the late summer popula-
tion and the early spring population of the following

year).



Table 1. Density of nesting pairs of hooded crow and magpie pooled,
and abundance of foxes during 1995-1999.

Late winter population of 1996, 1997 and 1998 in-
cluded the birds released in the previous year. In the win-
ter of 1999, no partridge released in the previous sum-
mer were present as the releases stopped in 1997.

Although spring dispersal included late winter mortal-
ity of red-legged partridges, we believe that the dramatic
decrease recorded in some years at the end of the win-
ter (concentrated within a small interval of 15-20 days)
was mainly due to pair formation and to the consequent
territoriality and spacing behaviour of the paired par-
tridges (Potts 1980, Green 1983). Because of the small
number of successful nest found, and because of the
number of hatched eggs per nest to be constant between
years (Potts 1980), we calculated the average brood size
at hatching by pooling the study years. Average brood
size at the different age classes was calculated by tak-
ing into account only the broods for which all the chicks
were seen, i.e. broods observed in open and low vege-
tation. In order to avoid overestimation of summer pop-
ulation and underestimation of winter losses due to the
presence of released birds, we calculated late summer
populations in 1996 and 1997 without counting the
birds released in these years, and the over-winter losses
excluding the partridges released in the previous year
that survived until the next spring.

Statistical analyses

Parametric tests were used when their assumptions
were met; otherwise, non-parametric tests were used to
detect significant differences in demographic parame-
ters between the various study years. In particular, we
used the Student t-test to verify the differences between
the averages of two sets of data; the One-way ANOVA
and Bonferroni’s post-hoc to test for differences between
the average values of more than two groups; the X2-test

Figure 1 Composition of the reintroduced population of red-legged par-
tridges according to season after the initial release in 1995 and the release
in 1996 and 1997 with indication of the shares of released and wild birds.
Note that early summer ~ before releases and that late summer ~ after
releases.

to compare two or more observed frequency distribu-
tions; and a test of equality of proportions to detect sig-
nificant differences between two or more proportions
or percentages. The statistical precision with which we
estimated the average brood size each year at the dif-
ferent age classes was measured as the ratio of the
standard errors of brood size to the mean (Potts 1986).
We adopted the minimum significance level of P =
0.05, and performed all statistical analyses by use of the
SPSS PC plus version 10.0 for Windows (SPSS Inc.
2000).

Results

Predator control and abundance

During 1995-1999, a total of 975 crows, 1,195 magpies
and 149 red foxes were Killed in the study area. Predator
control occurred throughout the study period and still
continues. The combined nesting pair density of crows
and magpie decreased in the study area by 66.1% dur-
ing the study period. The decrease of the abundance index
of foxes was more marked, reaching 0.0 individuals/km
at the end of the study (Table 1).

Table 2. Data on coveys and other parameters of red-legged partridges in the reintroduced population in the winters of 1995/96-1998/99.
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Table 3. Data on pairs, unmarked pairs (with at least one unmarked
individual) and unpaired birds in the reintroduced population of red-
legged partridges during spring in 1996-1999.

Population composition

Starting in spring 1996, the reintroduced population of
red-legged partridges showed an overall increase in the
wild portion of the population, i.e. the birds bom in the
wild. In particular, the increase was marked in early sum-
mer after reproduction and before the releases. After the
late-summer releases in 1996 and 1997, we observed a
reduction in the wild portion of the population that was
even more marked in the next spring, before the clutch
hatching. In 1998 and 1999, the density of released
birds decreased dramatically in the reintroduced popu-
lation (Fig. 1).

Late winter-early spring population

The population recorded in late winter increased from
1996 to 1997 and then markedly decreased; the decrease
was 63.5% in partridge number and density, and 32.9%
in covey number. The average covey size decreased by
half of the first-winter value (F324= 3.16, P = 0.026),
whereas the percentage of unmarked birds in late win-
ter population increased (Table 2). The early spring
population remained quite constant at 235 (7.0/km2), 289
(8.6/km2), 258 (7.6/km2) and 240 (7.1/km2) partridges
during the four study years. Changes in population size
from late winter to early spring were 41.5% in 1996,
61.9% in 1997,43.9% in 1998 and 13.6% in 1999 with
an overall decrease of 67.2% in the study period (X2=
199.64, df= 3, P< 0.0001).

The pair number showed small variations between
years, whereas the percentage of pairs with at least one
individual unmarked (i.e. bom in the wild) increased
noticeably during the study period; the number of un-
paired partridges remained very variable during the
four years (Table 3).

Table 4. Number (N) and average brood size of the reintroduced pop-
ulation of red-legged partridges according to age class from hatch-
ing (0) to the age of > 60 days old. Data are pooled for the years 1996-
1999.

Brood number and percentage of successfully
reproducing pairs

In the study area, we detected 47 broods in 1996
(1.4/km2), 57 in 1997(1.7/km2), 59 in 1998 (1.8/km2) and
57 in 1999 (1.7/km2) leading to a percentage of success-
fully reproducing pairs of 40.2,45.6, 46.8 and 47.5%,
respectively. The differences between years were not
significant (X2= 1.59, df = 3, P = 0.661).

Brood size and chick survival rate

During the whole study period, the average brood size
(+ 1SE) was 6.9 (£0.19; range: 1-16, N = 270, age class
pooled). It increased from 5.9 in 1996 (+ 0.31; range:
1-10, N = 58) to 6.4 in 1997 (+ 0.31; range: 1-14, N =
85),to 7.5 in 1998 (£0.57; range: 1-16, N =49) and to
7.8 in 1999 (£ 0.32; range: 2-15, N = 78). The precision
of the mean ranged from 0.041 to 0.076. The differences
between years were significant (F326 = 6.17, P <
0.0001). In particular, the average brood sizes in 1996
and 1997 were significantly lower than those from
1998 and 1999 (P < 0.05).

During the whole study period, brood size decreased
significantly from hatching up to 60 days old (precision
of the mean: 0.044-0.090). In particular, the decrease was
significant between the first three and the last two age
classes (P < 0.01; Table 4). In each study year, we re-
corded significant decreases in average brood size from
hatching up to 30 days old (Table 5). The variation in
the average brood size between years was significant only
for broods > 30 days old (F3 103 = 3.81, P = 0.006).
Precision of the mean exceeded the critical value of 0.1

Table 5. Number (N) and mean brood size (+ 1 SE) of the reintroduced population of red-legged partridges according to age class from hatch-

ing (0) to the age of > 30 days old for the years 1996-1999.
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Figure 2. Age ratio of the reintroduced population of red-legged par-
tridges for the years 1996-1999. Age ratio 1is the number of young in
summer to adults in spring, and age ratio 2 is the number of young in
summer to adults in summer.

in only two cases: for broods < 30 days old in 1996 and
for broods > 30 days old in 1998.

Chick survival rate (CSR) from hatching up to 60 days
old was 60.2% during the whole study period and the
CSR up to 30 days old was 55.1% in 1996, 58.2% in
1997, 52.0% in 1998 and 74.5% in 1999.

Age ratios

The total estimated number ofjjuveniles in late summer
in the study area was 188 (5.6/km2) in 1996, 302
(8.9/km2) in 1997, 307 (9.1/km2) in 1998 and 410
(12.1/km2) in 1999. The proportion of juveniles in the
population increased from 1996 to 1999 (Fig. 2). The
ratio ofjuvenile to adult numbers in spring was signif-
icantly different between 1996 and 1998 (test of equal-
ity of proportions: P < 0.05), between 1996 and 1999
(P <0.01) and between 1997 and 1999 (P < 0.01). No
significant differences were detected between the ratios
ofjuveniles to the numbers of adults during summer in
the different study years.

Adult losses, population growth rate and winter
losses

Losses of adult red-legged partridges from early spring
to late summer, i.e. during the breeding season, amount-
ed t0 66.0% in 1996,65.7% in 1997,61.6% in 1998 and
55.0% in 1999; and the decrease was significant (X2=
8.28, df = 3, P = 0.040). Population growth rate from
spring to late summer increased during the study peri-
od and was 14.0% in 1996, 38.7% in 1997, 57.4% in
1998 and 115.8% in 1999. Over-winter losses reached
32.1% in the winter of 1996/97,66.1% in 1997/98 and
40.9% in 1998/99, so the differences between winters
were significant (X2= 87.94, df = 3, P < 0.0001).
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Discussion

Beck et al. (1994) reported that only 11% (seven of 65)
of bird reintroduction projects worldwide have been suc-
cessful, and none of these involved Galliform species.
Our reintroduction cannot be classified as successful on
the basis of the very conservative criteria adopted by
Beck et al. (1994), but the reintroduced population of red-
legged partridge reached breeding densities and repro-
ductive performances comparable to those reported for
other populations in Europe. Moreover, some parame-
ters improved during the study period.

The results of our present research are difficult to com-
pare with those obtained in other studies because of the
lack of detailed investigations into population dynam-
ics of wild red-legged partridge within the European
range. However, several studies carried out in Great Brit-
ain, France, ltaly and on the Iberian Peninsula focused
on estimating some important demographic parameters
of the populations (see for example Potts 1980, Green
1983, 1984, Ricci 1985, Meriggi, Saino, Montagna &
Zacchetti 1992, Borralho, Rego & Vaz Pinto 1997,
Léonard & Reitz 1998).

The marked decrease in the late winter population from
the third study year was probably due to the stop of sum-
mer releases in 1997 and coincided with the increase in
the proportion of wild partridges in the population.
This hypothesis is consistent with the decrease in the win-
ter covey size that, during the last two winters, was com-
parable with that of wild populations (e.g. Green 1983;
from 4.4 to 8.7 birds/covey in Great Britain). Moreover,
releases had the effect of reducing the wild part of the
reintroduced population, in particular in the following
spring, possibly via increased dispersal of young bom
in the previous summer that survived the winter. In fact,
together with the decrease of late winter population,
changes in population size from late winter to early spring
also decreased from 41.5 to 13.6% with the effect of stabi-
lising the breeding population in spring.

Pair density in our study area slowly increased from
the first to the second year and remained stable there-
after. The observed pair density (on average 3.6
pairs’/km?2) was at low-medium levels if compared to
those found in other European study areas (Ricci 1985,
Meriggi et al. 1992, Léonard & Reitz 1998, Peiro &
Blanc 1998, Ranoux 1998). The densities observed in
Great Britain in the 1980s were markedly greater (Green
1983, Rands 1986).

The percentage of successfully reproducing pairs was
high compared to the values recorded in other European
study areas (Potts 1980, Meriggi et al. 1992, Léonard
& Reitz 1998). The increase of successfully reproduc-



ing pairs in our study area may be due to both the de-
crease in predator density, the increase in the wild part
of the population and to the more efficient nesting
experience acquired by the released birds. Presumably,
chicks produced by reared pairs breed themselves in the
subsequent year and are in effect wild, with higher
production rate and a greater ability to avoid predation
than their reared parents. Differences in nesting success
between wild and hand-reared birds were found in
pheasants and grey partridges Perdix perdix, and may
likely also occur in red-legged partridges (Hill & Rob-
ertson 1988, Putaala & Hissa 1998).

Average brood size increased from the first to the
fourth study year, and this should be an indication of an
increased breeding capability of the population in rela-
tion to the higher numbers of wild pairs, but predator
control may also have influenced chick survival (Potts
1980). In our study area, the increase in the average brood
size seems mainly related to the increase of chick sur-
vival rate, in particular in the first month of life. The aver-
age brood size recorded is comparable with those ob-
tained in other European studies (Potts 1980, Lucio
1990, Meriggi et al. 1992, Carvalho et al. 1998). How-
ever, chick mortality appears to be very low compared
to the values usually reported in the literature (Potts 1980,
Green 1984, Léonard & Reitz 1998).

The ratio of young in summer over the number of
adults both in summer and in spring increased con-
stantly from 1996 to 1999. Age ratio in summer should
be an index of good population productivity; in partic-
ular, if our data are compared to those collected in
France and Spain, both by direct observations and from
bag records (Coles 1976, Treussier & Fouquet 1978,
Pépin 1981, Ruela 1981, Pépin, Cargnelutti & Mathon
1985, Peiro & Seva 1993, Nadal, Nadal & Rodriguez-
Teijeiro 1996, Carvalho et al. 1998). Higher age ratios
than ours were found only in the French region Pays de
Loire (Treussier & Fouquet 1978) and in the Spanish
Toledo province (Millas 1980), but these values refer
to the 1970s and are not topical.

The age ratio calculated over the number of adults in
summer is commonly used as a productivity index and
to assess the sustainable yield, although it should be con-
sidered with caution because it might depend on sev-
eral factors negative for the population (Caughley 1974).
A high age ratio in summer may indicate a growing popu-
lation, but it may also indicate a compensation of var-
ious and dramatic mortality factors to which the popu-
lation is subjected. Furthermore, a high age ratio in sum-
mer could result from high adult mortality during the
breeding season. More useful can be the ratio of the
young present in summer over the number of adults in
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spring, i.e. before the start of the breeding season. Un-
fortunately, this ratio is rarely estimated, and it is there-
fore impossible to make extended comparisons. Our pop-
ulation showed an increasing number of young per
adult and per pair in spring from 1996 to 1999(0.8-1.7
young/adult and 1.6-3.4 young/pair) with significant dif-
ferences between the former two and the latter two
years. These values are in agreement with those found
in northern Italy and in Portugal for wild populations (Me-
riggi & Prigioni 1985, Borralho et al. 1997).

Adult mortality during the breeding period (April -
August), though in decrease during the study period, can
be considered as the main negative factor acting and lim-
iting the reintroduced population, whereas within the
European range of the species, the losses of adult indi-
viduals are not an important mortality factor that can
affect population dynamics (Ricci, Mathon, Garcia, Este-
ve & Berger 1989, Peiro & Seva 1995, Léonard &
Reitz 1998). Adult losses during the breeding period may
mainly be due to predation, acting, in particular, on nest-
ing females and on non-breeding individuals, and to the
dispersal of non-paired males and females (Potts 1980,
Green 1983, Pépin, Cargnelutti & Mathon 1985). As in
other monogamous Galliforme species, red-legged par-
tridges seem to show a negative relation between brood
production rate and spring-summer adult mortality; so
that adult losses would be related to the breeding fail-
ure (Potts 1980).

The growth rate from spring to summer of the rein-
troduced population was markedly variable and increased
during the study period. It seems to be strongly influenced
by the brood production rate, by the average brood size
and by the adult survival. Over-winter losses showed a
high variability mainly depending on climatic factors,
which were particularly severe in the second winter.

Changes in partridge populations are strictly related
to some demographic parameters like brood production
rate and chick survival that in turn are affected by habi-
tat, predator impact and climate (Potts 1980,1986). Other
parameters, such as adult survival and over-winter
losses, are of some importance only under particular
circumstances. Our population showed a moderate
improvement in the overall productivity, which main-
ly was related to increased production of youngs and to
decreased adult mortality. The improvement in breeding
performance occurred especially after the second study
year, when the releases of reared birds stopped. Con-
sequently, for the reintroduction success it seems impor-
tant to stop releases after few years and in particular when
the breeding density is stable and carrying capacity is
reached. The prosecution of releases of farm-reared
birds would maintain the domestic portion of the pop-



ulation with consequent losses of breeding efficiency
(Dowell 1992). Moreover, habitat suitability of the re-
introduction areas and management actions used and
aimed at sustaining the population, such as predator con-
trol, food supply and hunting delay, can increase suc-
cess probability. Our study demonstrated that reintro-
ductions in suitable areas can effectively re-establish self-
sustaining populations of red-legged partridges in the
wild, thus preventing population fragmentation and spe-
cies decline within the European range. Also restock-
ing of over-exploited populations, carried out following
the same criteria of reintroductions, can enhance den-
sity and productivity, provided that hunting is stopped.
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