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Abstract

observations.

their numbers over time.

Background: Investigating population ecology of urban bird species, particularly the invasive and expending spe-
cies, is the key for the success of urban management and planning strategies.

Methods: Populations of two Columbidae species, the Woodpigeon (Columba palumbus) and the Eurasian Collared
Dove (Streptopelia decaocto), were monitored from 1992 to 2010 in the Algiers Sahel, the Mitidja Plain and surround-
ing areas (Northern Algeria). Monitoring of species densities was performed by the mapping-plot method. The
foraging flight routes of Woodpigeon and the distribution of Eurasian Collared Dove were assessed by systematic

Results: The number of counted birds was statistically constant at first years of the survey, and then increased sig-
nificantly, beginning from low numbers, their densities accelerated sharply between 2001 and 2006, then reached to
an equilibrium state. The significant increase in Woodpigeon's population could be explained by the reduced hunt-
ing pressure and by species adaptation to new food resources provided by nearby agriculture. Indeed, monitoring

of flight directions of the species revealed the use of agricultural landscapes and habitats, which is a good indicator
explaining adaptation and trophic niche of the species. The occurrence of the Eurasian Collared Dove in Algiers began
in 2000. Its density experienced a rapid increase with similar trend pattern as that of Woodpigeon. Its distributional
range is confined mainly in suburban environments of the Mitidja Plain.

Conclusion: The modifications of habitats, urbanization increase and the lessening of hunting in the Mitidja Plain
facilitated the rapid expansion of the Eurasian Collared Dove and Woodpigeon as well contributed to the increase in
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Background

Ecological monitoring is a core activity for the conserva-
tion of biodiversity and conservation biology [1]. Main-
taining biodiversity requires a spatial planning for the
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conservation of both species and their habitats [2]. Pop-
ulation dynamics refers to the population change over
time, and its trend is therefore a crucial component in
population ecology. Some bird populations are relatively
constant over time, others fluctuate (i.e. their numbers
alternate between increase and decrease), while others
are continuously increasing or declining. Information on
population dynamics are thus essential to determine the
status of different populations, which is itself an impor-
tant management tool [3].
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Currently, biological invasions are at the heart of many
ecological concerns because of their threat to economy,
ecosystem integrity and biodiversity. Studies in relation to
invasive species problems are numerous (e.g. [4—6]). The
International Union for Conservation of Nature (IUCN)
considers biological invasions as the second major cause
of biodiversity loss worldwide, right after habitat destruc-
tion. Naturalized species are considered invasive when
they induce significant changes in composition, structure
and/or functioning of ecosystems due to their high prolif-
eration in natural or modified environments [4, 7].

Birds with high risk of extinction are primarily asso-
ciated with the threats caused by invasive species. As
expected, the negative impact of invasive species was
higher on island species due to habitat isolation and spe-
cies ecological niche specialisation [8, 9]. Kumschick
and Nentwig [10] provided an initial categorization of
the impacts of invasive birds in Europe, and argued that
several invasive bird species must be eradicated because
they seriously threaten biodiversity. Within the absence
of competitors and predators, and often under disturbed
conditions, invasive species affect ecosystem function-
ing, causing the disappearance of other species, primarily
native and specialist species [8, 10].

Many urban and suburban bird studies proved their
usefulness in the development and establishment of
urban management, biodiversity conservation and plan-
ning strategies [9, 11]. The abundance of birds in urban
and suburban environments can reach values higher than
in the natural habitats, although the diversity decreases
along the gradient of urbanization [12-14]. In most
cases, bird populations that cause problems in cities are
not there confined at all times; for example, they forage
in the nearby countryside, or disperse over other loca-
tions [15].

Columbidae species in Algeria are very little stud-
ied except certain observations in some localities [3,
16-19], including a comprehensive study of Boukhemza-
Zemmouri et al. [20] that outlined the breeding ecology
of European Turtle Dove in Kabylia and the region of
Zeralda, which is located about thirty kilometres from
Algiers. Moreover, Bendjoudi [16] and Bendjoudi et al.
[3] reported that populations of Columbidae species in
Algiers and the Mitidja Plain have increased significantly
during last years.

In this study, we will address some ecological aspects
associated with the population increase of two Columbi-
dae species: the Woodpigeon and the Eurasian Collared
Dove. We particularly want to draw parallels between
natural range expansion due to human modification of
the environment and biological invasions, which are also
strongly linked to anthropogenic influences. In addition
to the determination of population trends, the current
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survey highlights the probable causes that explain these
trends. Moreover, the study investigates Woodpigeon’s
flying routes in order to determine foraging habitat
uses, and it monitors spatial occurrences of the Eura-
sian Collared Dove to assess its distribution patterns and
chronological expansion. This study provides important
and updated information on population dynamics and
patterns of land-use in bird species, which represents a
relevant indicator for assessing and understanding envi-
ronmental change.

Methods

Study area

The study area includes two geographic areas: (1) the
Algiers Sahel spanning nearly 65,000 ha, with rug-
ged landscapes consisting of cliffs, hills and valleys
covered with forests of Aleppo pines and Eucalyptus,
private orchards (citrus and Rosaceae trees), and fallow-
wastelands, and (2) the Mitidja Plain and its surround-
ing neighbouring occupies nearly 150,000 ha (Fig. 1).
Agricultural landscapes mainly covers the Plain, which
includes scattered Mediterranean vegetation-types struc-
tured as forest stands on the banks of wadis, where the
dominant tree species are Populus alba, Fraxinus excel-
sior, Ulmus minor and Quercus suber. The climate is
Mediterranean-type with a long moist and cool period
during fall-winter, and a short dry-hot spring—summer
period. The rainfall is irregular and varies between 450
and 900 mm per year.

Around Algiers, landscapes gradually vary from the
city to the suburbs and countryside with scattered small
forest and plots of vegetable crops surrounded by wind-
break of Casuarinas (Casuarina equisetifolia) and Medi-
terranean Cypress (Cupressus sempervirens). In this
region, the park of the National High School of Agron-
omy-El Harrach (ENSA) is located at 36°43'N, 3°09’E in
mixed agricultural and suburban area (Fig. 1). The park
is a mixture of gardens, lawns, fallow land and tree culti-
vation areas and vegetable crops, with some educational
buildings. The park covers 30 ha, of which only 10 ha
were selected for monitoring the variation of specific
density of the two Columbidae species. Illegal hunting
occurs throughout the region of Algiers, but it is almost
non-existent inside the park.

Data collection

The bird surveys were conducted over 19 years, from
1992 to 2010, in which the mapping-plot method [21,
22] was used to measure densities of breeding pairs of
the Woodpigeon and the Eurasian Collared Dove. This
method was slightly modified to suit the purpose of our
study: at each observation, we walked the retained 10 ha
in ENSA Park, at the time of sunrise, and mapped all
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Fig. 1 Location of the study area (Algiers Sahel, Plain of Mitidja and neighbour surroundings). The filled black squares represent the sampled sites

visual and auditory contact of birds, each species with
different mark. During the breeding season (February-
May) of each study year, we conducted 16 surveys of
90 min each, with an average of four surveys per month.
In parallel, we carried out systematic observations
on the foraging flights of Woodpigeons and the distri-
bution of the Eurasian Collared Dove throughout the
study area (Algiers Sahel, Plain of Mitidja and adjacent
areas) including both urban and interurban areas. Move-
ment directions of Woodpigeon groups were surveyed
between 06:00 AM and 08:00 AM by counting the num-
bers of individuals according to their flight direction. The
surveys were conducted three times per month from
March to May 2006. Flight routes of the Woodpigeon
were determined from Algiers Sahel (Ben-Aknoun Zoo-
logical Park, Garden of Hamma, and ENSA Park) toward
some areas in the Mitidja Plain (Oued Smar, Eucalyptus,
Meftah, Birtouta, and Boufarik) (Fig. 1), and vice versa.
We also investigated nesting and roosting sites in paral-
lel with the monitoring surveys of the Eurasian Collared
Dove. Feeding behaviour of the Woodpigeon and the
choice of consumed plants were carried out using direct
observations throughout the year across habitats of the
sites we sampled (Fig. 1). In observations, plant species
and parts of these plants being foraged on were recorded
for individuals and flocks of the foraging woodpigeons.
Furthermore, the Eurasian Collared Dove was surveyed
between 2004 and 2008, with a total of 180 surveys at an

average rate of three times a month. The collected data
were mapped to identify the distributional range of the
species based on its location occurrences.

Statistics

First, values of species densities were plotted against
the monitoring years to observe the trend of popula-
tion dynamics and then choosing the best model that
fit that distribution. This procedure helped to decide on
the statistical analysis testing for the relationship (linear
of nonlinear) between surveyed years and the change in
species densities (number of pairs per 10 ha). As a curvi-
linearity ‘nonlinear relationship’ was observed in annual
population trends of both surveyed species that have
a S-shaped curve, we analysed data using a nonlinear
regression model with a four-parameter logistic function
that represents one of the S-shaped functions available in
the package {stats} of R [23]; R Core [24]. We used the
‘nls” function, which stands for ‘non-linear least squares;
to model the dynamic of species densities (N) over sur-
veyed years (Y7). The four-parameter logistic function has
asymptotes at the left- (A) and right-hand (B) ends of the
x-axis and scales (C) the response to x about the midpoint
(D) where the curve has its inflexion, following the for-
mula: N =A + ((B - A)/(1 + exp((C — Yr/D))). Because it
is quite challenging to guess the starting parameter values
(A, B, C, D) of the model, the self-starting function ‘SSfp!’
was used for the four-parameter logistic model [25].
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In addition, two-way ANOVA was carried out to test
variation of Woodpigeon individuals between flight
directions (eight levels: cardinal and inter-cardinal direc-
tions) and surveyed months (3 months: March, April and
May). The interaction of the two factors was included in
the model after computing the Akaike’s information cri-
terion (AIC) that allowed the selection of the model with
best fit (i.e. lower AIC value) instead of ANOVA without
interaction between factors. Moreover, multiple compar-
isons of means (Tukey HSD) were conducted to report
which factor interactions were significantly different. The
R Commander package {Rcmdr} in R was used was used
in analyses.

Results

Population dynamics

Overall, population size of both surveyed species
increased significantly over the 19 surveyed years in the
park of ENSA. The curvilinear regression obtained with
the four-parameter logistic function ‘SSfpl’ revealed
that the population size of both species started of very
low levels or zero in 1992, but it reached high densities
particularly from 2002-2010 (Fig. 2). Before the latter
period, the increase in population densities was insig-
nificant in both species (non-significant asymptotes for
low value ‘parameter A’ at first study years: C. palum-
bus: t = 2.07, df = 15, P = 0.056; S. decaocto: t = —0.06,
df = 15, P = 0.950) (Table 1). Indeed, the Eurasian Col-
lared Dove has been newly established in the study
area in 2002, so it proliferated progressively its individ-
ual numbers after that period. However, the two spe-
cies indicated an asymptote for late years of the survey
meaning that they reached their stabilisation during the
period 2004-2010 for C. palumbus and 2007-2010 for S.
decaocto (Fig. 2) with significant asymptotes at last years
of the study (C. palumbus: t = 35.07, df = 15, P < 0.001;
S. decaocto: t = 47.04, df = 15, P < 0.001) (Table 1). The
parameters of the logistic model explaining the curve of
population dynamics (N: number of pairs) through years
(Yr) could be written as: N = 3.156 + ((54.622 — 3.156)/
(I + exp((2001.1 — Y7r)/0.872))) for the Wood-
pigeon, and N = -0.026 + ((32.678 + 0.026)/
(1 4+ exp((2003.8 — Yr)/1.067))) for the Eurasian Collared
Dove.

Woodpigeon (Columba palumbus)

Two decades ago, the Woodpigeon was absent in urban
areas of Algiers, except in few large parks and gardens.
From 1992 to 2010, its numbers in the park of ENSA
increased in the late 1990s to reach about twenty pairs in
2000 and 2001 then reach high numbers (57 pairs/10 ha)
in 2008 (Fig. 2). A similar trend has occurred throughout
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the Mitidja Plain, where since 2002 large flocks became
regular (Fig. 3). For example in March 2006 near Baraki,
flocks with up to 201 individuals were repetitively
counted.

The Woodpigeon was observed foraging on the wide
variety of vegetal food. During our surveys, the species
was spotted eating cereals including Barley crop (Hor-
deum vulgare) and Maize (Zea mays). In addition, its diet
also included Durum Wheat seeds (Triticum durum), Fig
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Table1 Summary of models and parameterizations
of four-parameter logistic S-shaped functions analyzing
changes in annual population dynamics of study bird spe-
cies

Parameters Estimate Std. error t-value P
Woodpigeon (AIC = 110.67)
A 3.156 1524 2.07 0.056
B 54.622 1.558 35.07 <0.001
@ 2001.1 0.201 9949.7 <0.001
D 0.872 0.175 497 <0.001
Eurasian Collared Dove (AIC = 65.13)
A —0.026 0.404 —0.06 0.950
B 32678 0.695 47.04 <0.001
C 2003.8 0.116 17,247.5 <0.001
D 1.067 0.101 10.53 <0.001

AIC Akaike’s information criterion; A, B, C, D parameters the four-parameter
logistic S-shaped function

(Ficus carica), accompanied by bulbils of Oxalis (Oxalis
pescapre), Beans (Vicia sativa and V. faba), and Clover
seeds (Trifolium angustifolium). Furthermore, it was pos-
sible to observe woodpigeon flocks of dozens individuals,
throughout the Mitidja Plain, feeding on the young leaves
of Narrow-leaved Ash (Fraxinus angustifolia) in March—
April, or they unripe green acorns of Portuguese Oak
(Quercus faginea) and Zeen Oak (Quercus canariensis) in
September—October.
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The species is now very common throughout the Plain
of Mitidja and bordering regions, where it nests on gar-
den trees, even those located near buildings where it
frequents roofs. Moreover, large flying flocks of Wood-
pigeons, often exceeding 100 individuals, were observed
throughout Algiers region (Fig. 3) in the late afternoon
and until dusk, are the result of birds joining their roosts
and that coming from their foraging sites, which are often
situated far away in fields and orchards or in scrublands
of northern Tellian Atlas.

Flights of woodpigeons surveyed in Mitidja mainly
head to the south, southwest and to a lesser extent to the
southeast in the morning (and back the other way to the
roosts in the evening), but practically none eastward or
westward (Figs. 3, 4). Woodpigeon flock densities var-
ied significantly (P < 0.001) according to flight direc-
tions and study months as well as by their interaction
(Table 2). This particular scheme of flying routes is due to
the intense urbanization in sites of east region of Algiers,
where woodpigeons certainly avoid the noisy animation
and heavy traffic of people and vehicles. In addition, the
west area of Algiers is an area of rugged hills, very dry
and little favourable for woodpigeons because of the
great scarcity of food resources. The significant variation
of flight directions over time is due to different uses of
foraging habitats as the productivity of these habitats also
changes over time. This may be related to the change in
nutritional needs following phenological breeding stages,
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Table 2 Two-way ANOVA testing variation of Woodpi-
geon’s densities according to flight directions, study
months and their interaction (AIC = 450.4) in north Algeria

Variation sources DF SS MS F P
Flight directions 7 11900.8 1700.1 109 <0.001
Study months 2 3165.1 1582.5 10.2 <0.001
Interaction 14 11851.6 846.5 54 <0.001
Residual error 48 7458.0 1554

Total 71 343755 484.2

The same model without the interaction of two factors revealed an AIC = 461.6

so the species change flight directions towards foraging
habitats that match its feeding requirements [26].

Eurasian Collared Dove (Streptopelia decaocto)

In the park of ENSA, the first pair was observed in
2001, but after 2002, the increase of the species became
extremely rapid as similar as numbers of Woodpigeon
(Fig. 2). The occupancy of Algiers region by the Eurasian
Collared Dove is still incomplete, wherein the species is
confined in suburban environments close to dwellings.
It is still absent in some areas/habitats and even within
cities like Boufarik, Birtouta or Blida (Fig. 5). However, it
began uses there some isolated farms from January 2006.
Generally, it progresses in small steps of few kilometres
per year, avoiding unpopulated areas, and taking advan-
tage of farm buildings such as farmers’ homes, barns of
agricultural machinery, livestock housing and/or product
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storage structures. The species has not been met yet in
groves and agricultural fields.

Discussion

This bird survey showed that the Woodpigeon, originally
a forest bird species, is currently pursuing in Algeria a
similar trend that had made of it a bird adapted to sub-
urban parks and gardens of large cities in most Euro-
pean countries. In some cases, this observation is old;
for example, it dates at least of the eighteenth century
in Paris [27-29]. However, outside the cities, the Wood-
pigeon still has non-synanthropic behaviour and does
not occur on farmland except if there is no disturbance
source or any danger in sight.

The increase of Woodpigeon numbers in Algiers region
seems to be related to an adaptation and change in spe-
cies diet. Before 1990, the species fed mainly in forests of
Mitidja Atlas mountains, where they found abundance
food resources, including berries of Phillyrea angus-
tifolia in July—August, Bay Noble (Laurus nobilis) in
August-September, Zeen Oak acorns in October, and
fruits of Olive (Olea europaea) in November—January
[16]. Since 1990, repeated violent forest fires occurred
annually in the region as in the rest of Algeria [30], which
have significantly reduced food resources of the species.
Deprived of very large part of its usual food, the Woodpi-
geon has to rely on farmland resources, which the species
used already in the past with small flocks mainly com-
ing from Tellian Atlas forests for foraging in the coun-
tryside around Algiers [31]. This decline in forest food
resources has thus merely precipitated a process already
well underway.

The food of Woodpigeon in Algiers plains is quite
diverse. Our observations are quite similar to those
reported in diet analysis of the species (e.g. [32]. More-
over, according to Merabet et al. [33], in early spring
woodpigeons consume young leaves of ash trees that
grow along Wadis of El Harrach, Boudouaou, and Hamiz;
where it also ingests Loquat fruits (Eriobotrya japonica),
young leaves of White Mulberry (Morus alba) and Elm
(Ulmus campestris). In summer, Woodpigeons feed on
green pods of Kurrajongs (Brachychiton populneum),
Beans (Bauhinia purpurea), Figs and fruit of Mediter-
ranean Hackberry (Celtis australis). In winter, they also
eat dates of the Canary Palm (Phoenix canariensis), olives
(Olea europaea), berries of Mediterranean Buckthorn
(Rhamnus alaternus) and Japanese Privet (Ligustrum
japonicum).

In our study area, during cool and wet periods, pigeons
fled to sleep in the canopy of pine trees, which provide
good shelter against rain and wind. In Bejaia, the spe-
cies occupied crowns of Aleppo Pine (Pinus halepensis)
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Fig. 5 Distribution of the Eurasian Collared Dove (Streptopelia decaocto) in the Mitidja Plain and the Sahel of Algiers (2004-2008)

located downtown, which are left in the morning to
reach the Soummam Valley located at more than 10 km
from the city [19]. During the period of nestling feed-
ing (April-May), pigeons make flights of short range to
the countryside around Algiers in order to supply their
chicks.

Reasons of Woodpigeon’s population increase in our
study area during these nineteen years is based on the
assumption that we are dealing with increasing sedentary
populations; contrary to recruitments of few individual
migrants reaching the area from northern Morocco and
middle Europe during postnuptial migration [29, 34].
Moreover, we are uncertain if these migration routes
may reach up central Algeria and thus lead to population
increase. However, we hypothesize that the diminution
in hunting pressure, reduced almost to zero, for over a
decade in Algeria. Now, hunting is prohibited all times,
except for some species such as wild boar (Sus scrofa).
Generally, this factor was favourable for a wide range of
game birds [35]. In addition, poaching of woodpigeons,
although there is still, remains insignificant. Another
high-probable hypothesis, but not exclusive as the one
of hunting banning, is that the woodpigeons in Algiers
region like in Europe, have developed adaptation to new
and abundant food resources provided by the extensive
agriculture. Indeed, woodpigeons still are predominantly
occurring in natural woodland in Morocco, but they fre-
quently forage in cultivated areas [27, 36—38]. In Europe,
large cereal crop areas certainly played a key-role in
increasing Woodpigeon populations [37, 39]. However,

this factor seems insufficient to explain the same phe-
nomenon in Algiers region, as cereals are intended for
livestock feeding on one hand and they are seasonally
produced and only on about 9300 ha (about 15 % of all
cropland areas) on the other hand. Under these condi-
tions, even if the cereal production has favoured popula-
tion growth of the Woodpigeon at its beginning, it will
quickly become a limiting factor, if it is not already done
so, unless the species is boarding its feeding niche by
diversifying its diet and foraging on other plain habitats.

The first observation of the Eurasian Collared Dove in
Algeria was carried out in a residential area of Annaba
city in East Algeria, where 40 individuals were observed
in March 1994 and then 115 individuals in December
1997 [17]. Later in 1999, the species was reported in
Bejaia (Further west of Annaba) [40]. Its spread over the
northern Algeria seems to have been slow because it took
until March 2000 for the observation of first individual in
coastal areas of Algiers [3].

Contrary, the establishment of the Eurasian Collared
Dove in Tunisia is certainly old, because a small breeding
population existed in 1963—1967 in Thibar [41]. It would
probably be the same in Morocco, where it was consid-
ered as common in most cities particularly in coastal
zones [34, 42]. These facts suggest that the Collared Dove
dispersed towards Algiers area from the western or east-
ern extremity of the Maghreb, and most probably from
the east, because no study reported its presence in west-
ern Algeria until 2001 [19]. In the Sahara Desert (South
Algeria), it was reported in 2003 in Biskra [43] and in
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2007 in Tamanrasset [18]. Now, it is considered among
the common bird species in several arid regions in Alge-
ria [44, 45]. These statements are naturally comparable
with the well-known worldwide expansion patterns of
the species, which has now colonized most of Europe
and America, where its numbers are still growing even in
areas where it had existed long time ago [46—48].

Well adapted to local conditions, the Eurasian Collared
Dove sings and courtship displays anytime during the
year, even out the breeding season and even more dur-
ing rainy and snowy times, as was the case in late January
2005. It breeds from March and continues until mid-]July,
but in autumn (October—November), it is just displaying
[49]. In this respect, its behaviour in Algeria is not differ-
ent from that of populations living in Europe [34].

The fragmentation of lands and habitats of the Mitidja
Plain and its surroundings into small areas with expan-
sion of urbanization has indirectly led rapid expansion
of the Eurasian Collared Dove and Woodpigeon. Factors
that currently control numbers of these Columbidae spe-
cies are predation, disturbance due to human activities
and food availability, which has changed little in the past
two decades. One of the main factors behind the current
increase in numbers of Columbidae in Algiers region is
the reduction of hunting pressure since 1990s, which has
mainly benefited the Woodpigeon and the Eurasian col-
lared dove. Adaptation to urban areas and the acclima-
tization to new food sources, for both surveyed species,
have contributed to the increase of their numbers that
was very clear in the Woodpigeon. In lights of these con-
ditions, we are expecting further increases in both range
and densities of species we surveyed. Therefore, further
monitoring of such opportunistic species with large eco-
logical valence is of key importance to understand the
environment status and to assess possible ramifications
for native avifauna.
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