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Abstract

Kechout O., Metna-Ali Ahmed E, Talmat-Chaouchi N.: Effect of altitude and urbanization on the ecology of the breeding white stork (Ciconia cico-
nia) in the Tizi-Ouzou region (Kabylia, Northern Algeria). Ekolégia (Bratislava), Vol. 44, No. 2, p. 160-168, 2025.

The ecological breeding conditions of the Tizi-Ouzou white stork (Ciconia ciconia, Linnaeus, 1758) are examined in this study. The population was
estimated, as well as its evolution, and the impact of altitude on breeding pairs was examined throughout two breeding seasons (2019 and 2021). The
first census showed 650 breeding pairs in 2019. By 2021, there are 830 pairs. In 2019, piedmont areas had 601 stork pairs (92%) by altitude. In the
mid-mountains, 49 pairs (8%) were seen. There are no pairs above 1200 m in the high mountains. Similar percentages were seen in 2021. The breeding
pair density rose from 65.76 in 2019 to 83.97 in 2021. At altitudes below 400 m, the density exceeded 230 pairs per 100 m? for both study years. The
mid-mountain zone has fewer pairs/100 km? than the foothills over the same period. The following proportions indicate that this Ciconiidae prefers
heights between 10and 14m: 67.69% (2019) and 69.04 (2021). Over the two-year study, 94.62% of nests were installed on artificial supports and 5.38%
on natural supports. Urban pairs make up 63% of the spatial distribution. Both years saw 36% fewer pairs outside built-up areas. The altitude distri-
bution of stork nests shows that this bird prefers to live from 15 to 550 m. The average nesting pair is 329.5 between 0 and 100 m. This distribution
is mainly determined by habitat quality and food availability. Other agronomic parameters, such as the presence of irrigated agricultural areas and

landfills, which may feed the studied species, also affect it.
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Introduction

The white stork Ciconia ciconia (Linnaeus, 1758) is a wild bird
with a predatory nature. It is distinguished by its tendency to
inhabit areas close to human populations and is renowned for
its white plumage embellished with black feathers. The species
is classified as a nationally protected species in Algeria and ben-
efits from protection under Executive Decree 12-235, published
on May 24, 2012. Furthermore, Algeria has officially approved
multiple agreements, including the Bonn Convention, the Bern
Convention, and the AEWA Agreement, in which the species
is categorized under Appendix II. The species in France is safe-
guarded under articles 1 and 5 of the decree dated April 17, 1981.
Additionally, it is included in Appendix I of the Birds Directive,
as stated by Gourari et al. (2021). Globally, the International Un-
ion for Conservation of Nature (IUCN) has classified the species
as of minor concern on the Red List (Appendix I) according to
Gourari et al. (2021).

Several studies conducted since the 1930s have improved
our understanding of this species’ global ecology. These stud-

ies concentrated on the decline in population numbers across
all breeding areas, with a particular emphasis on North Africa
(Schiiz, 1979; Schaub et al., 2004). Algeria>s breeding popula-
tion has also declined, as reported by Bouet (1936), Thomas et
al. (1975), Moali-Grine (1994), and Moali-Grine et al. (1995).
However, since the 1990s, the population of this wader species
has increased due to breeding (Schaub et al., 2004; Massemin-
Challet et al., 2006). In Algeria, the number of breeding pairs in-
creased significantly from 1,195 in 1993 to nearly 6,000 in 2001,
nearly tripling the initial figure (Moali-Grine, 2007; Moali-Grine
etal., 2004).

In Algeria, several studies on the breeding ecology of the
white stork have been carried out, with contributions from
authors such as Bouriach (2016), Sbiki (2016), Benharzallah
(2017), and Chenchouni (2017). The white stork population in
Kabylia has been monitored since 1991 (Moali et al., 1992), with
additional comprehensive surveys carried out in collaboration
with the Forestry Department (Moali et al., 1999). In the early
2000s, several authors, including Boukhamza (2000), Moali-
Grine (2005), and Fellag (2006), carried out research into the
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Fig. 1. Geographical location of the wilaya of Tizi-Ouzou.

breeding ecology of this population. This study aims to monitor
and analyze the changes and reproductive behavior of the breed-
ing population of white storks in the Tizi-Ouzou region (Grande
Kabylie) between the breeding seasons of 2019 and 2021, with a
particular focus on how altitude affects reproduction. The results
of the study yielded comprehensive and specific data on the eco-
logical requirements of the species studied. These findings can be
used to develop effective and appropriate management strategies
to conserve this vulnerable avian species in its nesting habitat.

Material and methods

Study area

The Tizi-Ouzou region is a coastal area located in the north-
central part of Algeria. The area is distinguished by a sequence

of mountain ranges, typically aligned in an east-west direction,
encircling narrow alluvial plains. The location is situated within
the angular coordinates of 36°28 " north latitude to 36°55" north-
east latitude and 3°45" east longitude to 4°31" east longitude. The
Mediterranean Sea forms its northern boundary, while the wilaya
of Béjaia lies to the east, characterized by the Akfadou massif.
To the west, it is bordered by the wilaya of Boumerdes, which is
known for its hills and valleys. Finally, to the south, it is bounded
by the wilaya of Bouira, home to the Djurdjura mountain range,
known for its crystalline composition (Fig. 1). Tizi-Ouzou, locat-
ed in northern Algeria, is situated in the transitional area where
polar and tropical air masses meet from October to November
until March to April. Arctic air masses typically dominate, result-
ing in a cold and wet season. In the remaining months of the year,
there is an upward movement of tropical air masses, resulting in
the occurrence of heat and drought (Anonymous, 2022).
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Methodology

Two censuses of the white stork breeding population in the Tizi-
Ouzou region were carried out over two consecutive breeding
seasons: 2019 and 2021. Throughout this period, we carried out
frequent and systematic observation of breeding pairs, enabling
us to estimate population size and study the impact of altitude on
breeding pair abundance. Throughout each observation, various
parameters were documented, including the characteristics and
altitude of supports, as well as the positioning of nests in relation
to urbanization. Both censuses were carried out in April, once
the entire population had established residence and all pairs had
formed, until June.

We mainly carried out censuses on foot to verify the position
of each nest using GPS technology, which enabled us to acquire
precise coordinates for each nest and accurately document its
elevation.

Statistical analysis

To perform a statistical analysis of the data, a two-factor analysis
of variance (ANOVA) was used to examine the impact of eleva-
tion and time on the distribution of nesting pairs of white storks
in the Tizi-Ouzou region. The Newman-Keuls test wasused to
classify results into homogeneous groups with a significance lev-
el of 5%. A principal component analysis (PCA) was performed
to highlight associations between white stork populations and
various agricultural factors.

Results

Census and density of white stork populations in the
Tizi-Ouzou region

The first census conducted in the study area revealed that there
will be 650 breeding pairs in 2019. This figure has increased
significantly, reaching 830 pairs by 2021. The nests identified
are spread across 22 of the 67 communes in the Wilaya of Tizi-
Ouzou. In terms of stork population distribution by altitude,
data from 2019 show that 601 pairs (or nearly 92%) are found
in piedmont areas and 49 pairs (or 8%) in mid-mountain areas.
It is worth noting that the stork is completely absent from high

mountains with elevations greater than 1,200 m. The same out-
comes were observed in 2021 (Table 1).

The population density of white stork breeding in the Tizi-
Ouzou region is calculated in relation to the region’s exploited
agricultural area, which is estimated to be 988.42 km? over the
two study years. It rose from 65.76 pairs/km? in 2019 to 83.97
pairs/km?in 2021. It should be noted that the number of breeding
pairs increased by 21.69% during this period (Table 1). The re-
corded density at altitudes below 400 m exceeded 230 pairs/100
km? during the study period. Densities in the mid-mountain
zone (400-1200 m) were lower than in the foothills, with less
than 50 pairs/100 km? for the same period (Table 1).

Distribution of breeding pairs in the Tizi-Ouzou region

Field observations show that the distribution of white stork nests
varies by region (Fig. 2). Pairs of this ciconiidae are commonly
seen in the central, central-western, and south-western regions.
They are completely absent from the coast (north), the east, and
the east-south sides. The number of pairs obtained has increased
in several communes, including Tizi-Ouzou, Tadmaith, Tizi-Ra-
ched, Freha, and Ouagnoune, for the year 2021 (Fig. 2).

The PCA was used to highlight the correlations between
white stork numbers and a set of agricultural parameters in the
Tizi-Ouzou region: land at rest (LR), herbaceous crop (HC),
utilized agricultural area (UAA), total agricultural area (TAA),
irrigated land (IL), forest (F), and meadow (M). A multivariate
statistical analysis was performed on data on white stork popula-
tions in the 22 communes of the Tizi-Ouzou wilaya, as well as a
set of agricultural data expressed in the ACP’s F1xF2 factorial
plan. This yielded 64% of the information, with the F1 axis ac-
counting for 45% and the F2 axis for 19%.

Figure 3 shows that Axis 1 includes the following agronomic
parameters: herbaceous crops, useful and total agricultural area,
irrigated land, resting land, and a set of communes with the
highest numbers on the positive side. On the negative side, we
find communes with low populations. On the positive side, Axis
2 includes herbaceous crops, forests, lawns, and five communes
with varying bird populations, while on the negative side, there
is irrigated land and several sites; large populations characterize
the latter.

Nest distribution by type of support

Table 1. Density and rate of increase in white stork numbers in the Tizi-Ouzou region (2019 and 2021).

2019 2021
Year . RI .
HPa UAA Density %) HPa UAA Density RI
0
km? /100 km? km? /100 km? %
(km*) | ( ) (2001) (km*) | ( ) (%)
Piedmont
601 231.51 259.60 - 757 327.84 230.91 18.80
[0-400m]
Medium mountain
49 97.19 50.42 - 731 49.86 48.71 2.90
[400-1200m]
Region of Tizi-Ouzou 650 688.42 65.76 47.69 830 988.42 83.97 21.69

Notes: HPa, number of breeding pairs; UAA, useful agricultural area; RI, rate of increase in numbers; RI (2001), data from Moali-G

(2001).
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Fig. 2. Distribution of the number of breeding pairs of white stork (Ciconia ciconia) in theTizi-Ouzou region in 2019 and 2021.
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Fig. 3. F1 x F2 factorial plan of the PCA of correlations between white stork numbers and agricultural parameters in the Tizi-Ouzou region.
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Fig. 4. Stork nesting aids.

Field data indicate that the selection of support types for white
stork nest construction varies across different regions. This dis-
covery indicated that the organism has a preference for manu-
factured structures as its support system. During the year 2019,
a significant majority of 94.62% of the nests that were examined
were found to be situated on manufactured structures, specifi-
cally electricity poles and pylons. In contrast, a mere 5.38% were
documented as being supported by natural means. In 2021, simi-
lar findings were recorded, with rates of 93.86 and 6.14%. For
both years of the study, a consistent finding is reported in the
piedmont and mid-mountain zones, where artificial supports
accounted for over 93% and natural supports accounted for
less than 7%. SONELGAZ agents have installed stork devices to
mitigate power outages. These devices, designed as a specialized
area, make it easier to build nests and promote the preference
for manufactured structures by our species (Fig. 4). Additional
devices have been implemented with the same objective. How-
ever, they now hinder the large bird from finding a place to settle
(Fig. 5).

Nest support height

The white stork nest supports in the Tizi-Ouzou region have a
height range of 2 m (found on an old gendarmerie cabin in Draa
Ben Khedda) to over 50 m (found on very high-voltage electric-
ity pylons). Based on the data in Table 2, the minority of pairs
in 2021 constructed their nests on supports that were less than
10 m away. A total of 29 pairs were documented, representing
3.49% of the total. Out of the total number of pairs, 228 pairs,
which accounts for 27.47%, selected heights that were greater
than 14m. The Ciconiidae species shows a preference for heights
ranging from 10 to 14m, with a total of 573 pairs observed in this
range. It is important to highlight that they make up the largest
percentage, specifically 69.04%. In 2019, a similar observation
was noted and documented in Table 2. The results obtained for
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Fig. 5. Devices to prevent stork nests.

the piedmont zone are comparable to those for the mid-moun-
tain zone in both years of the study. The results are similar to
those already achieved for the entire study region.

Spatial distribution of pairs by urban area

In 2019, there were a total of 414 pairs situated within urban
areas throughout the Tizi-Ouzou region. A marginal rise was
observed in 2021. A total of 524 pairs were obtained, which ac-
counted for approximately 63% of the study’s two-year period. In
2019, there were 236 pairs located outside built-up areas, which
decreased to 306 pairs in 2021. The percentage of pairs located
outside built-up areas remained consistent at around 36% for
both study years (Table 2). The foothills yielded comparable
findings, with over 61% of results observed within the conurba-
tion and 38% outside. Similarly, in the mid-mountains, over 80%
of results were found within the conurbation, while less than 6%
were observed outside. These results were consistent across both
study years, as shown in Table 2.

Distribution of white stork numbers by altitude

Table 3 presents the results of the two-factor ANOVA. The time
factor results show that there is no significant difference between
the 2019 and 2021 averages (P>0.05). As a result, the findings
from the two years of study are similar. The ANOVA results for
the altitude factor indicate a significant difference (P<0.001). It
should be noted that altitude had a significant impact on the dis-
tribution of white stork populations in the Tizi-Ouzou region.
The 5% Newman-Keuls test divides the results into two homo-
geneous groups. Group A has the highest averages at altitudes
of 100 m (329.5 pairs) and 200 m (283 pairs). Group B has the
lowest averages at elevations of 300 m (68), 400 m (5), 500 m
(52.5), and 600 m (2) (Fig. 6). The distribution of the number of
stork nests by altitude recorded during the two-year study period
demonstrates that this bird prefers to live at a variety of altitudes.
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Table 2. Inventory and characteristics of white stork nests in the region of Tizi-Ouzou (2019 and 2021).

Altitude Piedmont Medium mountain Total for the Region of
[0-400 m] [400-1200 m] Tizi-Ouzou
year

2019 (Old nests) 601 (92.46%) 49 (7.54%) 650 (78.31%)
2021 (New nests) 156 (91.2%) 24 (8.80%) 180 (21.69%)

2021 (Hpa) 757 (91.2%) 73 (8.80%) 830 (100%)
2019 Artificial supports 566 (94.18%) 49 (100%) 779 (93.36%)

Nest distribution Natural supports 35 (5.82%) 00 (0%) 51 (6.14%)
by type of sup- 2021 Artificial supports 711 (93.92%) 68 (93.15%) 779 (93.86%)

port Natural supports 46 (6.08%) 5 (6.85%) 51 (6.14%)
Nest location by | 2019 Interior 368 (61.23%) 46 (93.88%) 414 (63.69%)
urban environ- Exterior 233 (38.77%) 3 (6.12%) 236 (36.31%)
ment 2021 Interior 465 (61.43%) 59 (80.82%) 524 (63.13%)
Exterior 292 (38.57%) 14 (19.18%) 306 (36.87%)

Support height | 2019 -10m 24 (3.99%) 01 (2.04%) 25 (3.85%)
(m) 10-14m 404 (67.22%) 36 (73.47%) 440 (67.69%)
+14m 173 (28.79%) 12 (24.49%) 185 (28.46%)

2021 -10m 26 (3.43%) 3 (4.11%) 29 (3.49%)
10-14m 521 (68.82%) 52 (71.23%) 573 (69.04%)
+14m 210 (27.74%) 18 (24.66%) 228 (27.47%)

Table 3. Results of the analysis of variance and the Newman- Keuls test of white stork numbers according to time and altitude.

SCE DDL CM. TESTF | PROBA ET. CV.
TOTAL VAR. 215748.7 11 19613.52
FACTOR 1VAR. (Time) 2700 2700 3.919 0.10322
FACTOR2VAR.(Altitude) 209603.7 5 41920.73 60.843 0.00053
RESIDUAL 1VAR. 3445 5 689 26.249 21.28%
350 e —

1] ~

g le G ,\A“

S 300 roup A,

o /

S 2500 — B B

o ] \

o R

g- 2Q0 ) e ==

' 3 " Group B ~
5 150 Lo P .
-1 I Pk S X
/

E 1b0 - \

E ] -

Q =

oo 50 '\ ]

™ \

2 . 7 \\ F

7/
%o 00 2007 300 400 500 600
~ E: 2 7 o P = -
i e Altitudé ~~ - - - - - - - 2

Fig. 6. Results of the Newman-Keuls test.

165




Ekol6gia (Bratislava) 2025: 44(2): 160-168

The most nesting pairs are found between 0 and 100 m, with an
average of 329.5 pairs.

Discussion

Census of white stork populations in the Tizi-Ouzou region

The population of white storks in Algeria has been consistently
increasing since 1970. Tizi-Ouzou, along with other regions, has
been impacted by this rise. Moali-Grine (2005) reported an in-
crease in the number of breeding pairs in this region, from 233
pairs in 1995 to 289 pairs in 1998 and further to 340 pairs in
2001. The quantity of this number doubled in 2019, reaching a
total of 650 pairs, which represents a growth of 47.69%. In 2021,
there were 830 pairs, representing a growth rate of 21.69% com-
pared to previous years. Mammeria et al. (2019) also observed
a similar increase in El Taref. The population in this region has
significantly increased, growing from 174 breeding pairs in 1996
to 949 in 2014. In the Sétif high plain region, the number of pairs
doubled from 875 to 1192 between 2001 and 2007 (Djerdali,
2010). According to Sbiki (2016), the number of pairs in Tébessa
increased from 235 in 2009 to 321 in 2012.

According to Benharzallah (2017), the census conducted in
the Constantine region recorded a total of 1149 pairs of storks.
This represents a growth rate of 12% compared to the 1990s.
The consistent rise in population can be attributed to enhanced
nesting conditions (Moali-Grine, 2005) and improved condi-
tions during the winter season (Lhote et al., 2002; Nabu, 2006).
In addition to its unique adaptive behavior, this species has suc-
cessfully adapted to the loss of its preferred habitats by finding
new sources of food in household waste dumps and irrigated
agricultural areas (Tortosa et al., 2002; Peris, 2003; Mammeria
etal, 2012, Moali-Grine et al., 2013). Additionally, the existence
of poultry waste dumps has a substantial impact on the ability to
reproduce successfully (Djerdali, 2010).

Distribution of breeding pairs in the Tizi-Ouzou region

The white stork breeding pairs are distributed unevenly across
different areas in the Tizi-Ouzou region. The determining factors
are the quality of the habitat and the abundance of food resources
(Lack, 1954; Watson, Moss, 1970). Altitude, relief, climate, vegeta-
tion cover, and hydrological potential are the factors that influence
these conditions. The biotope of the white stork is distinguished by
the presence of open, moist areas with distinct vegetation that is
either very short or trimmed to enhance its mobility and provide
excellent visibility (Moali, 1999). Tucakov (2006) states that the
white stork shows a preference for flooded meadows and pastures
located in close proximity to rivers for its feeding activities. The
northern part of Tizi-Ouzou is characterized by a coastal range
that runs from east to west. The region is characterized by a moun-
tainous arc that runs parallel to the coast. The terrain is broken
and rugged, with an average elevation of no more than 300 m. Ad-
ditionally, there is a small forest massif located on the western side
of the region (Anonymous, 2019). The absence of the white stork
in this area can be attributed to the fact that these environments
are not conducive to its presence.

The study area is defined by the Djurdjura mountain range,
which is a vast and rugged massif composed of limestone ridges.
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These ridges have a jagged appearance and an average altitude of
1000 m. This section primarily consists of cedar and holm oak
(Anonymous, 2019). No individuals were detected within this
specific section of the study area. Similar findings were observed
in the mountainous areas located to the north of the wilaya of
Sétif, where the stork population is sparse (Djerdali, 2010).

A similar observation was made in the eastern region
of the Tizi-Ouzou province, which is known for its forests,
which are predominantly composed of resilient tree cultiva-
tion. The central part, which is primarily characterized by
the Oued Sebaou valley, contains a significant abundance of
pairs. The area is defined by elevations below 300 m (known
as the piedmont zone), precipitation exceeding 600 mm, and
a significant hydrological capacity (Anonymous, 2019). All
the necessary conditions for the proliferation of stork popula-
tions are present, especially the availability of food sources.
Nevertheless, the uniformity of the topography is disrupted
by Djebel Aissa Mimoun, which stands at an elevation of
801m and lacks the presence of storks.

The region situated between the Oued Sebaou valley and the
Djurdjura mountain range consists of a large expanse of land
characterized by narrow, deeply carved valleys. The average el-
evation in this area exceeds 400 m (Anonymous, 2019). Several
pairs have been documented in this region of moderate eleva-
tion. The numbers exhibited a decrease in comparison to those
observed in the foothills. The variation in these areas is a result of
the elevated elevations, with slopes surpassing 20%, along with
lower temperatures and increased rainfall. These factors have a
detrimental impact on the white stork’s feeding environment and
living conditions, as well as the survival rate of their offspring
(breeding success). The sole exception is the commune of Draa
El Mizan, which possesses a substantial quantity of pairs. The
justification for this value is based on the topographical char-
acteristic of the region, which is a depression with an average
elevation of 300 m. One notable characteristic of this area is the
existence of a landfill, which is frequently visited by storks, par-
ticularly during their breeding period.

The distribution of breeding pairs in the Tizi-Ouzou region
is affected by various agronomic factors, including the presence
of agricultural areas that are suitable for breeding, particularly
those that are irrigated and used for herbaceous crops. These
habitats are highly appealing to white storks and support the
largest populations due to their open and humid characteristics.
As a result, these areas are regarded as feeding grounds for this
species of bird called Ciconiidae. In contrast to Moali-Grine’s
(2005) findings, our results indicate a negative correlation be-
tween breeding pair densities in Algeria and both agricultural
land and irrigated land over three years (1995, 1998, and 2001).
The change in stork behavior can be attributed to their adapta-
tion to this specific habitat, which offers them a plentiful food
source.

Nest distribution by type of support

Moali-Grine’s (2005) research in the Tizi-Ouzou region has ena-
bled the monitoring of nesting pairs and their choice of support
for locating their nests in the white stork population. Since 1995,
there has been a dominant trend of nesting pairs predominantly
selecting artificial structures, particularly poles and pylons. This



trend has continued to increase, with over 95% of nesting pairs
choosing artificial structures in 2021. In contrast, the proportion
of nesting pairs using natural supports is significantly lower at
6%. The surge can be attributed to the expansion of the electric-
ity and telephone infrastructure, which experienced a threefold
growth from 2000 to 2020.

Another factor that we noticed during our field trips was the
extensive process of urbanization that has expanded throughout
the entire area we were studying, causing harm to the natural
land and landscapes. This has modified the natural environment
and impacted the selection of habitat for the white stork. As a re-
sult, this situation has caused a decrease in natural assistance and
the proliferation of artificial assistance. Typically, these manufac-
tured structures are located in urban areas and along roadsides
near open farmland or unused land, which offers our species a
plentiful food supply.

The findings of our study closely align with the research
conducted by Mammeria in 2013 in El-Taref, Guelma, Annaba,
and Skikda. We observed a significant proportion (90%) of nests
being built on manufactured structures, such as poles, pylons,
and roofs. Similar findings were documented in Batna by Djed-
dou and Chenchouni (2008), in the Béjaia region by Zennouche
(2002), and in the Tébessa region by Khelili (2019). Benharzal-
lah and Si Bachir (2011) made a similar observation in the Con-
stantine region, with a significant proportion of nests placed on
trees (44%). Multiple authors have documented a pattern of ris-
ing numbers of nests constructed on poles in various European
regions (Lovaszi, 1999; Rubacha, Jerzak, 2006; Tryanowski et al.,
2009).

Nest height above ground

The height of white stork nest supports in the Tizi-Ouzou region
ranges from 3 to 50 m. Our findings are consistent with those
found by Djaddou and Bada (2006) in the Batna region, Bouk-
hemza et al. (2007) in the Oued Sebaou valley, Zennouche (2002)
in the Béjaia region, and Benharzallah (2017) in the Constantine
region. Khelili (2019) reported different results in the Algerian
highlands. She noticed a height ranging from 10 to 16 m. Ac-
cording to Sbiki (2016), nest supports in the Tébessa region range
in height from 2 to 48 m. According to our findings, this wader’s
preferred height ranges between 10 and 14 m. This is the same
conclusion Sbiki reached in 2016 (Tébessa). This height provides
security and shields the eggs and chicks from environmental and
human stressors (Boukhemza, 2000).

Spatial distribution of pairsby urban area

The white stork is an anthropophilic species par excellence. It
nests close to people and breeds more inside built-up areas than
outside, with 63% of nests built indoors and only 37% outside,
and a large proportion nesting near built-up areas (suburban).
The results of Moali-Grine (2005) are roughly similar to those
obtained in 2019 and 2021, with a percentage of 65% in 1995,
58.5% in 1998, and 53% in 2001. The same findings were ob-
tained in the Tébessa region, with 86% of breeding pairs found in
urban areas and only 14% in suburban and natural areas (Sbiki,
2016). Between 2010 and 2013, the Constantine region showed
the same distribution (Benharzellah, 2017).
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Nest distribution by altitude

In our study area, white storks can be found at elevations rang-
ing from 35 m (Ait Yahia Moussa commune) to 550 m (Azazga
commune). The results of the two-factor statistical analysis of
variance showed that altitude had a highly significant effect on
the distribution of white stork numbers in both study years. The
Newman-Keuls test divided the results into two homogeneous
groups. Group A has the highest averages at altitudes of 100 m
(329.5 pairs) and 200 m (283 pairs). Group B contains the lower
averages for altitudes ranging from 300 m to 600 m. These find-
ings reflect the species’ unfavorable environmental conditions
in high mountains. The results obtained by Moali-Grine (2005)
during his three years of study (1995, 1998, and 2001) show that
the white stork is found at all altitudes in Algeria, but its numbers
are more concentrated between 0 and 100 m. This author’s ob-
served trend does not appear to change in 2019 or 2021.

Our findings are consistent with those found in Bulgaria in
1994, where the highest numbers of nesting pairs were found
between 100 and 200 m (Petrov et al., 1999). However, Benhar-
zallah (2017) stated that in the Constantine region (2010-2013),
the stork can be found at lower altitudes (306m) and has even
reached 911m. According to the same author, the majority of
nests are located at elevations ranging from 550 to 600 m. The
highest nest location in Poland was 890 m (Tryjanowski et al.,
2005), while in Morocco, it was 2500 m. As a result, the white
stork is attempting to broaden its range and colonize new high-
altitude environments in order to find favorable habitats and
avoid those that are already saturated.

Conclusion

The distribution of white stork breeding pairs in the Tizi-Ouzou
region is influenced by various factors, including topography,
vegetation, urban development, hydrological conditions, and,
most importantly, elevation. The latter has a profound impact on
this distribution. At high altitudes comprising a mountain range
or in regions with dense forest, no individuals are observed. It
can be inferred that a significant quantity of pairs are present
in the Oued Sebaou valley. One additional factor that affects
the occurrence of storks in specific mid-mountain areas is the
presence of technical landfill sites, which are highly attractive to
storks, particularly during the breeding season. The presence of
fertile agricultural land in these regions, particularly land that is
equipped with irrigation systems, is also regarded as a favorable
environment for the proliferation of this species. The fieldwork
definitively established that altitude has no impact on the type,
height, and location of nests in relation to the settlement chosen
by the white stork.
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