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The impact of the declining trend in the water level of the Caspian Sea on the reproductive conditions of 
certain species belonging to the genus Phalacrocorax (Microcarbo pygmaeus) and the family Ardeidae 
(Nycticorax nycticorax, Ardeola ralloides, Bubulcus ibis, Egretta garzetta) in Kyzylagach Bay during 
2022–2025 was investigated. During the reproductive period in the bay, the number of individuals of 
migratory-nesting species exceeds that of sedentary populations by several orders of magnitude. Among 
the studied species, both sedentary and migratory-nesting populations were observed, whereas Bubulcus 
ibis was represented exclusively by migratory-nesting populations.The decline in the water level of the 
Caspian Sea has caused a shift in the reproductive habitats of these bird species from the tamarisk-reed 
biotopes of Kyzylagach Bay to nearby shelterbelt forest zones, particularly those dominated by Caspian 
locust (Gleditsia caspica Desf., 1809) and oak (Quercus macrantera Honen, 1838).

INTRODUCTION

The coastal biotopes of Kyzylagach Bay in the Caspian 
Sea are characterized by extensive zonation, habitat 

diversity, and their location along major bird migration 
routes. These features make the area particularly significant 
for the reproduction of aquatic and semi-aquatic migratory-
nesting and sedentary bird populations (Mustafayev and 
Sadigova, 2005; Mustafayev et al., 2011; Mustafayev 
and Humbatova, 2001; Taghiyev, 2013a, b). However, 
the decline in water level has led to the emergence of 
new ecological conditions, resulting in the drying out or 
degradation of reed beds and tamarisk vegetation. This, 
in turn, has complicated the reproductive conditions of 
bird populations. The study of changes in reproductive 
conditions under these new ecological circumstances is
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essential for addressing issues related to the conservation of 
the genetic pool and natural biodiversity (Taghiyev, 2014; 
Mustafayev, 2003; Taghiyev and Karimova, 2021a, 2022). 
Although some bioecological data exist on Microcarbo 
pygmaeus, Nycticorax nycticorax, Ardeola ralloides, 
Bubulcus ibis, and Egretta garzetta along the southwestern 
coast of the Caspian Sea, the impact of water level decline 
on their reproductive conditions has not been sufficiently 
studied. In general, the adaptation of aquatic, semi-aquatic, 
and other ecological groups of birds to fluctuations in water 
levels remains poorly understood worldwide (Rajabova et 
al., 2020; Linkov, 1989; Podkovyrov, 1997; Nerekov, 2001; 
Grishanov, 2005). In the local scientific literature, recent 
data on the distribution patterns, reproduction, trophic 
relationships, and biotopic associations of migratory-
nesting aquatic and semi-aquatic bird populations in the 
Azerbaijani sector of the southwestern Caspian coast are 
presented in the works of (Mustafayev and Sadigova, 2005; 
Mustafayev et al., 2011; Mustafayev and Humbatova, 
2001; Taghiyev and Karimova, 2022, 2023; Taghiyev et al., 
2025), and other authors.

MATERIALS AND METHODS

The study examined the effects of the declining water 
level of the Caspian Sea during 2022-2025 on sedentary 
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and migratory-nesting bird populations (Microcarbo 
pygmaeus, Nycticorax nycticorax, Ardeola ralloides, 
Bubulcus ibis, Egretta garzetta) inhabiting Kyzylagach 
Bay (39°10′16″N, 49°13′52″E – 38°50′55″N, 48°51′44″E) 
during wintering and reproductive periods. The number of 
individuals within wetland ecosystems was recorded, and 
the hydrological regime, vegetation structure, and level 
of anthropogenic impact in selected areas were analyzed. 
A linear transect method was employed to determine 
species composition and abundance. Observations were 
primarily conducted during morning and evening hours. 
All individuals detected visually or acoustically along 
the transect were recorded. Behavioral observations 
were carried out in nesting areas, including the number 
of nests and eggs, hatching success rates, and causes of 
reproductive failure. The vertical stratification of nests in 
trees, as well as tree density and height, were analyzed.

Field studies in the coastal (ecotone) zones of 
Kyzylagach Bay were conducted using pedestrian surveys, 
motorised and non-motorised boats, and vehicles along 
designated transects (39°10′16″N – 49°13′52″E; Fig. 
1). Binoculars and a Carl Zeiss telescope were used for 
observations.

Fig. 1. The geographic location of the study area: 1, 
Tazakand village; 2, Gumbashi village; 3-Fish passing 
channel; 4, Crash channel; 5, Water flowing channel

RESULTS AND DISCUSSION

As a result of the ongoing decline in the water level 
of the Caspian Sea, spatial differences in water levels have 
emerged between the northern (39°03′32″N, 48°56′48″E 
–39°04′21″N, 48°53′27″E) and southern (38°52′32″N, 
48°49′43″E) parts of Kyzylagach Bay. The Greater 
and Lesser Kyzylagach bays are interconnected via the 
Fish- passing channel (38°05′50″N, 48°55′31″E), Qəza 
(38°59′10″N, 48°55′25″E), and Spawning (39°04′10″N, 
48°54′09″E) channels. The relatively higher water level in 

the northern part of the bay is maintained by inflow from 
the Vilash (39°03′31″N, 48°49′01″E) and Akkuşa rivers 
(39°16′16″N, 48°57′33″E), whereas in the southern part, 
water flows into the Caspian Sea through the Fish- passing 
channel , which is situated above sea level, resulting in a 
decrease in water level. Consequently, these hydrological 
differences have led to varying impacts on the reproductive 
conditions of bird populations inhabiting different parts of 
the bay. Migratory-nesting species such as Microcarbo 
pygmaeus, Nycticorax nycticorax, Ardeola ralloides, 
Bubulcus ibis, and Egretta garzetta nested until 2008–
2010, as in previous decades, in tall perennial reed beds 
and tamarisk vegetation located at distances of 500–800 
meters or more from the shoreline. However, beginning 
in 2008, the mass degradation of reed habitats, combined 
with the continued decline in water levels, led to a sharp 
deterioration in the reproductive conditions of these bird 
populations. During the period from 2010 to 2021, the 
principal nesting areas were concentrated in the southern 
part of the bay in the area known as Dannik, covering 
approximately 30 hectares and consisting of lake systems, 
and in the northern part in the area known as Pirman, 
with an area of approximately 3950 hectares, where birds 
nested in water-covered reeds and tamarisk vegetation. 
In the period from 2022 to 2025, the continued decline in 
water level, the emergence of new ecological conditions in 
the southern part of the bay, the high density of individuals 
within the studied populations, and increased intra- and 
interspecific competition, including with Ardea alba, 
Ardea purpurea, and Ardea cinerea, resulted in a shift in 
nesting habitats. As a consequence, these species relocated 
their nesting sites to artificial shelterbelt forests situated 
along the left side of the Baku–Astara railway, covering 
an area of 8.45 hectares, as well as to a smaller shelterbelt 
forest of 0.84 hectares near the villages of Vilash and 
Huseynhajili in the Masalli district (Table I). 

The shelterbelt forest located between Gumbashi 
village of the Lankaran district and Tazakend village of 
the Masalli district, on the left side of the Baku-Astara 
railway, where bird colonies were formed, has a length of 
approximately 1300 meters and a width of 60-70 meters. 
This forest belt begins at a distance of 70–80 meters 
from the Gumbashi River. The dominant tree species in 
the shelterbelt is Caspian locust (Gleditsia caspica Desf., 
1809), with oak (Quercus macrantera Honen, 1838) 
occurring less frequently, represented by approximately 30 
trees. The height of both tree species ranges between 15 
and 18 meters. The second vegetation layer is composed 
of cherry plum trees (Prunus cerasifera Ehrn., 1789), with 
heights ranging from 4 to 6 meters. The forest belt consists 
of eight rows of trees, with each row comprising two lines 
of trees spaced approximately 1 meter apart. In some areas, 
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only a single line of trees is present, and in others, the row 
structure is disrupted. The longitudinal spacing between 
trees ranges from 2.4 to 3.10 meters, with an average of 
approximately 2.75 meters, while the transverse spacing 
between rows is approximately 6–7 meters. Within the 
shelterbelt, starting from a distance of approximately 100 
meters from the Gumbashi River toward the bay, a large 
number of nests were recorded in the first four rows of 
trees.

Table I. Changes in the reproductive conditions of 
migratory-nesting bird populations.

Northern 
Kzylagac 
Bay- 
Pirman 
area 

Southern Kzylagac Bay- 
Dennik area 

Shelterbelt forest 
strip

Southern 
part of 
dennik 
area 

Forest area 
along the 
Baku-Astara 
railway

Forest area between 
the villages of 
Huseynhacili and 
Vilash

2010-
2025

2008-
2021

2022-
2025

2022-
2025

2023-
2025

 + + -  +  +
 + + -  +  +
 + + -  +  +
 + + -  +  -*
 + + -  +  +

From the direction of the railway, nests were absent 
in the first four rows up to a distance of 500 meters from 
the river, and only beyond this distance were relatively low 
numbers of nests, ranging from 4 to 7 per tree, observed. In 
the first four rows facing the bay, all rows contained nests, 
with a minimum of 4 nests per tree, an average of 12–
16 nests, and a maximum of 32–40 nests, resulting in an 
overall average of approximately 18 nests per tree. Based 
on these values, excluding the initial 100-meter section 
without nests, and considering the spatial arrangement of 
trees, the estimated number of trees in the nesting zone is 
approximately 3,490.88. Multiplying this by the average 
number of nests per tree yields an estimated 62,835.84 
nests. Given that each nest is occupied by two adult 
individuals, the total number of adult birds is estimated 
at approximately 125,671.68 individuals. Considering 
that all studied species are monogamous and that each 
nest contains between 2 and 5 eggs, with an average of 
approximately 3.5 eggs, the total reproductive output is 
estimated at approximately 439,850.88 eggs.

In the second vegetation layer, consisting of cherry 
plum trees located in the first two rows from the bay side, 
the spacing between trees is similar, ranging from 2.4 
to 3.10 meters, with an average of approximately 2.75 

meters. In some rows, 2–3 trees are present, while in 
others only a single tree occurs, resulting in an average of 
approximately two trees per row. The lowest nests in these 
trees are located at heights of approximately 2.0–2.5 meters 
above ground level. The cherry plum trees are bordered 
on the bay side by blackberry shrubs (Rubus saxatilis L., 
1753), and between the shrubs and the first row of the 
shelterbelt, there is a channel approximately 3 meters wide, 
containing water at a depth of 0.30–0.60 meters, supplied 
by the Vilash River for agricultural purposes. The distance 
between the shelterbelt and the shoreline of Kyzylagach 
Bay is approximately 3326 meters. The number of nests 
per cherry plum tree ranges from a minimum of 4 to an 
average of 7–11 and a maximum of 15–18, resulting in an 
overall average of approximately 9.8 nests per tree. About 
the first 100 meters from the direction of the Gumbashi 
River, no nests were recorded in cherry plum trees. In the 
subsequent 1200-meter section, calculations based on tree 
spacing indicate approximately 1,745.44 trees in two rows. 
Multiplying this number by the average number of nests 
per tree yields approximately 17,105.31 nests. Taking into 
account two adult individuals per nest and an average 
of 3.5 eggs, the estimated number of individuals in this 
layer is approximately 12,218.08. Vertical stratification of 
nesting was clearly observed, with Microcarbo pygmaeus 
occupying the upper tree layer, Egretta garzetta and 
Nycticorax nycticorax occupying the middle layer, and 
Bubulcus ibis and Ardeola ralloides occupying the lower 
layer. As a result of changes in reproductive behavior 
observed during 2022–2025, a large colony was formed 
in this shelterbelt forest, with approximately 439,850.88 
individuals in the upper layer and 12,218.08 individuals 
in the second layer, giving a total of approximately 
452,068.08 individuals of the studied species.

Another area where changes in reproductive behavior 
were recorded is the shelterbelt forest located near the 
villages of Vilash and Huseynhajili in the Masalli district. 
In this area, colonies of Microcarbo pygmaeus were not 
recorded, whereas populations of Nycticorax nycticorax, 
Ardeola ralloides, Bubulcus ibis, and Egretta garzetta 
were present. Two shelterbelt forests are located in close 
proximity in this area, but bird colonies were observed 
only in the one situated approximately 150-160 meters 
from the Vilash-Goytepe highway, while no colonies were 
recorded in the second shelterbelt located 400–500 meters 
away. This shelterbelt consists exclusively of oak trees 
(Quercus macrantera Honen, 1838), with no presence of 
Gleditsia caspica or Prunus cerasifera.

The trees have heights ranging from 15 to 18 
meters, and the shelterbelt has a length of approximately 
140 meters and a width of approximately 60 meters. 
The spacing between trees, both longitudinally and 
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transversely, is approximately 2.4–3.10 meters, with an 
average of approximately 2.75 meters. Based on these 
parameters, the total number of trees in this shelterbelt is 
estimated at approximately 1,110.29.

The minimum number of nests per tree was recorded 
as 1.0, the average ranged between approximately 
4–6 (mean ~5.0), and the maximum ranged between 
9–12 (mean ~10.5), resulting in an overall average 
of approximately 5.5 nests per tree. Considering that 
Nycticorax nycticorax, Ardeola ralloides, Bubulcus ibis, 
and Egretta garzetta are monogamous species, the number 
of parent individuals (male and female) can be estimated 
by multiplying the total average number of nests by the 
number of eggs (individuals) per nest. Accordingly, the 
calculation 1,110.29 × 5.5 × 3.5 yields an estimated total 
of approximately 21,373.08 individuals. It is assumed that 
the individuals forming colonies in this shelterbelt forest 
are primarily derived from populations originating from 
the northern part of Kyzylagach Bay.

Thus, over many years, the majority of individuals of 
migratory-nesting species such as Microcarbo pygmaeus, 
Nycticorax nycticorax, Ardeola ralloides, Bubulcus ibis, 
and Egretta garzetta, which traditionally reproduced 
in the reed-tamarisk wetland habitats of Kyzylagach 
Bay, have shifted to newly formed nesting sites as a 
consequence of the declining water level of the Caspian 
Sea and the resulting ecological changes. The alterations 
in reproductive conditions under these new ecological 
circumstances not only pose challenges for the conservation 
of these species but also lead to an increased risk of disease 
transmission and infection, contribute to the pollution of 
forest cover, water, and soil, promote the proliferation of 
pests and predators, and cause damage to vegetation due to 
the accumulation of bird excreta, including the drying of 
trees. Altogether, these factors result in the disruption of 
the overall ecological balance of the ecosystem.
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