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Abstract: 	 Long-term population studies are of great importance in ecology and conservation. We present a compre-
hensive analysis of long-term data (1955–2024) on numbers of nests and breeding success of the colony 
of the Dalmatian pelican (Pelecanus crispus) in the Srebarna Nature Reserve, Bulgaria. The variation in 
breeding success was estimated by the number of chicks successfully raised per occupied nest, indicating 
a significant overall increase. The number of nests ranged from 7 to 150 over the years and had a notice-
able downward trend in the last five years. We evaluated various conservation measures implemented 
in the reserve, such as the construction of raised wooden platforms and the establishment of protective 
fences, highlighting their effectiveness in maintaining the breeding colony. Our findings indicated that 
although breeding success had improved over the decades, recent declines in nest numbers were linked to 
external factors, including human disturbance, predation by invasive species and the availability of alter-
native nesting sites in other protected areas. We call for continuation of the conservation efforts to enhance 
the long-term viability of the Dalmatian pelican population in the reserve.
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In memory of Tanyo Michev,  
a devoted researcher of the Dalmatian pelican in the Srebarna Nature Reserve

Introduction
The Dalmatian pelican (Pelecanus crispus Bruch, 
1832), a flagship species for wetland conservation, 
is classified as near-threatened (downward-trending 

population) throughout its geographic range (Bird-
Life International 2018) and it is protected under the 
Directive 79/409/EEC. The European Assessment 
of the International Union for the Conservation of 
Nature classified the species as ‘Least Concern’ with 
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an increasing trend (BirdLife International 2021). 
The current breeding population of the Dalmatian 
pelican has been estimated at 7 347–8 993 pairs: in 
South-Eastern Europe (Albania, Bulgaria, Greece, 
Montenegro, Romania, Russia, Türkiye, Ukraine) 
the population has been estimated at 2 831–3 094 
pairs (Catsadorakis & Portolou 2018). In Bulgaria, 
the species is protected under the Biological Di-
versity Law. It has been included in the Red Data 
Book of Bulgaria (Michev & Simeonov 2015) as a 
Critically Endangered species. In Bulgaria, a Spe-
cies Action Plan was implemented for the period 
2013–2022 (Michev & Kambourova 2012). 

Over the last 30 years, there have been exam-
ples in Europe of the implementation of conserva-
tion measures to preserve, manage or increase suita-
ble nesting sites of the Dalmatian pelican, which has 
led to an increase of its breeding population (Criv-
elli 1996, Catsadorakis & Crivelli 2001, Saveljić 
et al. 2004, Fantana et al. 2009, Onmuş et al. 2011, 
Catsadorakis et al. 2015). In Bulgaria, there are also 
recent examples of Dalmatian pelicans successfully 
attracted for nesting. In the Persina Nature Park, 
three raised wooden platforms with a total area of 32 
m2 were built between 2011 and 2018, which were 
successfully used by pelicans in 2016 and onwards 
(Cheshmedzhiev et al. 2022). A raised wooden 
platform with an area of 32 m2 was also installed 
in the Kalimok–Brashlen Protected Area in 2020, 
which was occupied by nesting birds in the follow-
ing year (Cheshmedzhiev et al. 2022). However, the 
traditional nesting site of the Dalmatian pelican in 
Bulgaria, known since the second half of the 19th 
century (Michev & Kutsarov 2007, Simeonov et al. 
1990), is Srebarna Lake, currently a nature reserve, 
where various conservation measures and manage-
ment techniques were implemented for the protec-
tion of the pelican colony in 1998–2016 (Simeonov 
2011; this study) and continue to this day.

Historically, the earliest reports of Dalmatian 
pelicans nesting in the marshes and lakes along the 
lower Danube River, including Srebarna Lake, date 
back to the late 19th century (Hodek 1882, Kalber-
matten 1891, Lorenz-Liburnau 1893, Reiser 1894). 
In evaluating the conflicting data reported by other 
explorers, Reiser (1894) concluded that substantial 
fluctuations in the breeding population of Dalmatian 
pelicans had been occurring over time. He reported 
a dramatic decline in the Dalmatian pelican popula-
tion at Srebarna Lake during his visit in 1890 due to 
deliberate persecution by a local fishing tenant (Re-
iser 1894). In 1941, Patev (1950) estimated that there 
were between 100 and 150 breeding pairs in the col-
ony at Srebarna Lake; however, A. Petrov reported 

only 31 pairs with 13 nestlings in the same year (as 
cited in Michev & Iliev 1982). In 1942, the lake was 
initially declared a Wildfowl Refuge, with hunting 
prohibited (Petrov 1947) and, subsequently, in 1948, 
it was designated as a Managed Nature Reserve 
(Uzunov et al. 2012). Although the reserve had pro-
tected status, its early years were difficult. In 1949, 
the colony was burned and later flooded, resulting in 
the lack of brood (Michev & Iliev 1982). During the 
period 1956–1959, the number of nests varied from 
30 to 85 (Paspaleva-Antonova 1961). In 1960, a fire 
destroyed approximately 30 occupied nests, leading 
to the loss of all associated offspring (Mountfort & 
Ferguson-Lees 1961). In 1961, the colony was split 
into two, with the smaller part consisting of 36 nests, 
while the larger had 91 nests (Geissler 1962). Be-
tween 1955 and 1980, an average of 68 pairs were 
bred in the reserve, although there were significant 
fluctuations in numbers, ranging from 29 to 127 
(Michev 1981, Michev & Iliev 1982). These varia-
tions were primarily caused by human disturbance 
and predation, as no conservation efforts had been 
implemented in the colony until the mid-1970s.

All these accounts underscore that the Srebarna 
Nature Reserve is a long-established breeding ground 
for the Dalmatian pelican, the population of which 
varies from year to year. Owing to its exceptionally 
diverse avifauna and, in particular, its role as a critical 
breeding habitat for endangered bird species, Srebar-
na Lake was designated a Ramsar Site in 1975, a UN-
ESCO Biosphere Reserve in 1977, a World Cultural 
and Natural Heritage Monument in 1983 and an Im-
portant Bird Area in 1989 (Stoyneva & Michev 1997, 
Uzunov et al. 2012). In 2007, Srebarna Lake was 
included in the ecological network Natura 2000 as a 
special protected area (BG0000241) under both the 
Birds and Habitats Directives (State Gazette 2007).

The goals of this article are to summarise the 
data on the breeding colony of the Dalmatian peli-
can in the Srebarna Nature Reserve and to analyse 
the changes over 70 years (1955–2024), as well as to 
discuss the most valuable conservation measures for 
long-term conservation of the colony. We hypoth-
esise that the number of nests, the number of chicks 
and the breeding success of the colony increase 
throughout the entire period due to long-term efforts 
aimed at improving nesting conditions.

Materials and Methods
Study Area
The study was conducted in Srebarna Lake, which is 
а Nature Reserve according to the Bulgarian Law. The 
lake is located on the Danube River between 391 and 
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393 river km, about 18 km west of the town of Silistra 
(44º 07 N, 27º 04 E), North-Eastern Bulgaria (Fig. 1). 
Srebarna Lake is surrounded by low hills to the East 
and the West. It is about 2.5 km long in the north-south 
direction and 1.8 km wide in the west-east direction. 
On the south-western bank of the lake, a village with 
the same name is located. The area of the reserve is 
902.1 ha, with the lake itself covering 670 ha and the 
remaining area comprising former farmland to the 
North of the lake, a belt of tree plantations along the 
Danube River, the island of Devnya and the river area 
between the island and the riverbank. Lake Srebarna is 
eutrophic and more than 70% of its area is overgrown 
with common reed (Phragmites australis), cattails 
(Typha angustifolia, T. latifolia) and other marshland 
vegetation. The lake is highly dependent on the level 
of the Danube River, has an unstable water level and 
often is subjected to drastic fluctuations.

Colony description
The colony of the Dalmatian pelican in the Srebarna 
Nature Reserve is situated in the central part of the 
lake, in the northern reed stand that surrounds the 

lake’s open water area (Fig. 1). At present, the colo-
ny resides on a floating reed island that follows the 
fluctuations in the water level, commonly referred 
to as the “Pelikanska lokva” (N 44°06′44.59″, E 
27°04′9.85″, Michev 1981, Simeonov et al. 1990). 
Until 1997, pelicans built their nests only on a float-
ing reed island. After 1998, raised wooden platforms 
were installed for the first time on the island and the 
birds began to nest on both the floating island and 
the raised platforms (Simeonov 2011; Fig. 2). More 
recently, in 2021, floating platforms were installed 
and subsequently utilised by pelicans during the 
breeding season. 

Threats, restoration and conservation measures
Pelican nests that had been built directly on the 
island were much more exposed to predators than 
those on elevated platforms. At the end of the 1980s, 
the population of the wild boar (Sus scrofa) in the 
Srebarna area, as well as in the entire country, had 
increased considerably (Damyanov 2022). In order 
to eliminate the emerging threat of wild boars, a 
protective fence was built around the colony in the 

Fig. 1. Тhe Srebarna Nature Reserve: map and geographical position (on the small map) of (1) the Srebarna Nature 
Reserve, (2) the Kalimok–Brashlen Protected Area and (3) the Persina Nature Park. Map adapted from 
CalTopo [https://caltopo.com].
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autumn of 1990 (Stoyneva & Michev 1997). In ad-
dition, a strip of about 10 m on the outside of the 
fence was mowed annually in autumn and reeds 
were piled on the pelican breeding site for nesting 
material. Until 2005, the fence, with minor repairs, 
successfully fulfilled its purpose (Simeonov 2011), 
resulting in an increase in breeding success above 1 
chick per nest from 1998 onwards.

Between 1998 and 2004, an expansion of the 
nesting area was conducted by building three raised 
wooden platforms on the reed islands, which were 
successfully utilised by pelicans. In the autumn of 
2003, the three raised platforms in the breeding colo-
ny were repaired and strengthened and the total nest-
ing area of the colony was increased to 445 m2 (in-
cluding the breeding area directly on the reed island).

In June 2005, a storm with strong north-north-
west winds and unusually high water levels caused 
the reed island, home to the pelican colony, to de-
tach from the main reedbeds. The reed island moved 
towards the southern part of the central open wa-
ter area, 1 km away from the previous place and 
a broad cove (1.7 ha) was formed in the place of 
detachment. The young pelicans were successfully 
raised and the colony did not split. In autumn 2005, 
300 m2 of reeds were mowed to provide a nesting 
area on the shore of the newly-formed cove where 
the colony used to be. Two floating rafts of 20 and 
25 m2 each were installed in the cove to provide ad-
ditional nesting area. However, the nesting area re-
mained without the shelter of the protective fence 
and the reeds around the colony. In 2006, some of 
the rafts installed in 2005 were occupied by pelicans 
but the installed structures were destroyed by sum-
mer storms (Simeonov 2011).

In March 2008, wild boars entered the breeding 
colony (Simeonov 2011, Catsadorakis et al. 2015), 
resulting in the destruction of all nests. Consequently, 
40 pairs relocated once more to breed approximately 

850 m southwards in the reedbed of the lake, still suc-
ceeding in raising 65 chicks. The rest of the pelicans 
abandoned the colony. To protect the pelican nests 
from wild boars and other predators, five wooden 
raised platforms were constructed on a reed island 
in the central part of the lake. This project spanned 
over eight consecutive years (from 2009 to 2016) and 
took place after the end of each breeding season. Ad-
ditionally, annual maintenance activities have been 
conducted in the pelican colony. Another significant 
impact was the damage caused by the raccoon dog 
(Nyctereutes procyonoides), which has been invading 
the colony since 2019 (Koshev et al. 2020) and the 
golden jackal (Canis aureus), which has occasionally 
been observed depredating nests (Simeonov 2011). 
Aiming at improving the condition of the breed-
ing colony of the Dalmatian pelican in the reserve, 
the Regional Inspectorate of Environment and Wa-
ter – Ruse (hereafter, RIEW – Ruse) constructed a 
wooden fence around the breeding colony in 2021 
with a minimum height of 3 m to protect the nests 
from terrestrial predators. Additionally, five floating 
platforms were constructed in order to support peli-
can breeding. However, some platforms proved to be 
structurally unstable. Their floating bases, composed 
of metal barrels, were inadequately sealed, leading to 
water infiltration. As a result, two platforms became 
partially submerged and tilted toward the water, com-
promising their suitability for nesting.

Nest monitoring
The breeding population of the Dalmatian pelican in 
the Srebarna Nature Reserve was assessed through 
counting the number of occupied nests in the colony 
every year. Observations before 1985 were made 
with a spotting scope from an observation point lo-
cated on a nearby hill (1200 m straight) from where 
the entire colony was visible (counts from a vantage 
point). The nests on-site were counted again after 

Fig. 2. The breeding colony of Dalmatian pelicans at the Srebarna Nature Reserve in 2012. Photo: Ivan Yanchev.
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fledging. During the period 1985–2003, in which 
ringing of young pelicans was carried out, the ex-
act number of nests and chicks was counted when 
entering the colony once a year in late May – early 
June (on-site visit). At these occasions, almost all 
of the juveniles were old enough to escape into the 
western parts of the open water area. The stay in the 
colony lasted no longer than 20 minutes. In 2004 
and 2005, the number of nests was recorded from 
an observation hide, constructed several years ear-
lier and situated approximately 2 m away from the 
breeding colony, thereby enabling data collection 
without causing disturbance to the birds. The num-
ber of nests was counted again from a vantage point 
between 2006 and 2014, as in 2005, the reed island 
supporting the pelican colony and the observation 
hide had detached from the main reedbeds due to 
storm winds and unusually high water levels. Since 
2015, a video surveillance system was installed in 
the colony, allowing for the counting of pelican 
nests and the tracking of chick numbers. The sys-
tem also proved effective in detecting both preda-
tors and human disturbance cases during 2019 and 
2020. Unfortunately, these factors made it impossi-
ble to determine the number of chicks raised in those 
years. For this study, in addition to our data, we also 
used literature data for 1955–1997, as well as un-
published field records for 1998–2014. 

Statistical analysis
Breeding success was quantified as the number 
of chicks successfully raised per nest, following 
the methodology recommended by the Society for 
the Protection of Prespa (2020); however, nests in 
which breeding failed were not counted and were, 
therefore, excluded from the calculation. There is 
no evidence of re-nesting after the loss of the first 
clutch (Michev 1985, Simeonov et al. 1990). The 
annual growth rate of the colony was calculated us-
ing the formula:

1 
 

(Vfinal – Vinitial)  1 
V initial               x 100, 2 

       N 3 

 4 where Vfinal denotes population size (number of 
occupied nests) of the last year, Vinitial – population 
size of the initial year, and N – number of annual 
cycles that lapsed between the initial and final year 
(Catsadorakis et al. 2024).

We divided the 70-year study period into three 
parts concerning important ecological changes in 
the Srebarna Lake and the pelican colony. The first 
period covered the years from 1955 to 1975, before 
the lake was declared a Ramsar wetland. During this 

period, there was massive exploitation (mowing) of 
the reeds in the lake, cutting down of the coastal wil-
low belt and harvesting of pelican and goose eggs by 
the local people in the area (Michev & Iliev 1982). 
In the second period, from 1976 to 1989, at the be-
ginning of which the lake was declared a Ramsar 
wetland of international importance, the Ministry of 
Forestry and Forest Industry prohibited the mowing 
of reeds and industrial fishing within the reserve. In 
this way, the disturbance of the pelicans and the other 
birds in the lake was considerably reduced. The third 
period (1990–2024) covered the time when a protec-
tive fence was installed around the Dalmatian pelican 
colony (Stoyneva & Michev 1997). Although there 
were four years during this period when the water 
level decreased greatly, with the water column being 
only 15 cm in 1993 (Michev et al. 1993), this did not 
affect the breeding of the species in the reserve, as the 
birds in the colony were well protected by the fence.

In order to better characterise the variability of 
breeding population size of the Dalmatian pelican in 
the Srebarna Nature Reserve, the coefficient of vari-
ation (the percentage ratio between the standard de-
viation and the mean value) of the number of nests 
was used. We used one-way ANOVA with Unequal 
N Honestly Significant Differences (HSD) post-hoc 
test to test for differences in the number of nests, 
number of chicks and the breeding success across the 
three study periods. Before the analyses, we checked 
whether the data met the assumptions of normal dis-
tribution and homogeneity of variance using the Kol-
mogorov-Smirnov and Levene’s tests, respectively. 
All statistical analyses were conducted using STA-
TISTICA 12 (StatSoft Inc., Tulsa, OK, USA).

Results
Breeding numbers and breeding success
The number of nests of Dalmatian pelican in the 
Srebarna Nature Reserve varied from 7 to 150 oc-
cupied nests (mean = 71.6) during the period of 70 
years (1955–2024) (Table 1). The number of chicks 
over the entire period ranged from 0 to 180 (mean 
= 66.2) and the breeding success ranged from 0 to 
1.38 chicks per nest (mean = 0.9) (Table 1). In 1960, 
1963, 1994, 2019 and 2020, the pelicans failed to 
raise chicks for a variety of reasons described in 
Table 1. The variation of the number of nests and 
breeding success for the entire period is presented in 
Fig. 3 and Fig. 4, respectively. Despite considerable 
fluctuations over the entire period, the overall trend 
showed a significant increase in breeding success (y 
= 0.007x –13.106, R2 = 0.2, p < 0.001; Fig. 4).

The data also showed that the breeding success 
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Table 2. Number of occupied nests, chicks and breeding success in the colony of the Dalmatian pelican in the Srebarna 
Nature Reserve during the three study periods. 

Period
Occupied nests Chicks Breeding success

min max mean SD min max mean SD min max mean SD

1955–1975 29 127 66.8 23.7 0 109 52.0 29.9 0.00 1.32 0.77 0.32
1976–1989 56 93 74.4 12.8 25 80 55.2 13.4 0.28 1.25 0.77 0.25
1990–2024 7 150 73.3 35.2 0 180 79.9 46.1 0.00 1.38 1.04 0.29

Fig. 3. Number of occupied nests of the Dalmatian pelican in the Srebarna Nature Reserve for the period 1955–2024 
(based on Michev 1981, Michev & Crivelli 1998, “Le Balkan-Bulgaria” Foundation and the Regional Inspectorate of 
Environment and Water – Ruse). The different shades of grey represent the three study periods (1955–1975, 1976–1989 
and 1990–2024), each corresponding to various stages of the conservation status of Srebarna Lake and the respective 
efforts undertaken to protect the colony of breeding Dalmatian pelicans.

Fig. 4. Scatter-plot with a regression line and confidence intervals of the breeding success of the Dalmatian pelican 
colony in the Srebarna Nature Reserve over the period 1955–2024 (based on Michev 1981, Michev & Crivelli 1998, 
“Le Balkan-Bulgaria” Foundation and the Regional Inspectorate of Environment and Water – Ruse).
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of the colony increased gradually, however, only in 
the last 25 years, the values exceeded 1 chick/oc-
cupied nest, except for 2008–2011, 2017 and 2022. 
During the first period, the breeding success ex-
ceeded 1 chick/nest in only three years (1955, 1968, 
1970), representing 14.3% of the period. In the sec-
ond period, three years (1984, 1985 and 1986) also 
recorded breeding success above 1 chick/nest, cor-
responding to 21.4% for that period. By contrast, 
during the third period, breeding success exceeded 
1 chick/nest in 22 years, accounting for 66.7% of 
the period.

Annual growth of the Dalmatian pelican col-
ony in Srebarna for the entire period of 70 years 
was −1.14%, while for the first period (1955–1975) 
it was −0.25% (n = 21 years), for the second pe-
riod (1976–1989) it was 0.99% (n = 14 years) and 
for the third period (1990–2024) it was −1.84% (n 
= 35 years). However, during the third period were 
recorded the greatest fluctuations in the number of 
nests, regardless of the fact that the highest number 
of nests were recorded during that period. The coef-
ficient of variation of the number of nests was 39.9% 
for the entire study period (1955–2024), while it 
was 35.5% during 1955–1975, 17.2% for the period 
1976–1989 and 48.1% for the period 1990–2024.

Neither the number of nests (One-way ANO-
VA: F(2, 67) = 0.42, p = 0.66) nor the number of chicks 
(F(2, 67) = 2.87, p = 0.06) differed significantly among 

the three study periods. The analysis of breeding 
success revealed a significant difference (F(2, 65) = 
7.56, p = 0.001), with markedly higher values ob-
served during the third period compared to both the 
first period (p (Unequal N HSD corrected) = 0.008) 
and the second period (p (Unequal N HSD correct-
ed) = 0.04). However, no differences were detected 
between the first and the second periods (p (Unequal 
N HSD corrected) = 0.1; Fig. 5).

Spatial changes

There were also some spatial changes in the colony 
of the Dalmatian pelican in the Srebarna Nature 
Reserve. In the past, the nests were located in the 
extreme northern part of the lake, referred to as the 
“Babushko blato” (N 44°07’7.61”, E 27°04’8.70”, 
Fig. 1) (Michev & Iliev 1982, Michev et al. 1998). 
Petrov (1947) reported that the Dalmatian pelicans 
nested in small groups (10–15 nests) on floating 
reed islands that were moved by the wind across the 
open water area. The nests were built on fragments 
of reed rhizomes detached during the fragmentation 
of reedbeds into smaller sections as a result of strong 
winds. By piling up old reed stems, pelicans turned 
these semi-floating rhizomes into nesting platforms. 
During most of the study period (1955–2024) the 
breeding colony was located in the “Pelikanska lok-
va” (Michev 1981, Simeonov et al. 1990), situated 
in the northern reedbeds of Srebarna Lake (Fig. 1). 

Fig. 5. A comparison of breeding success of the Dalmatian pelican colony among the three study periods, represented 
by the raw data points with means and 0.95 confidence intervals.
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On several occasions, in 2008, 2009 and from 2019 
to 2022, some birds abandoned it and relocated to 
the reedbeds in the south-eastern part of the lake’s 
open water area (N 44°06’5.40”, E 27°04’47.26”), 
perhaps due to disturbance by predators or humans 
(Fig. 1).

Discussion
Breeding success and threats to the colony 
Our results indicated a significant increase in breed-
ing success of the Dalmatian pelican population 
during the third period (1990–2024) as compared to 
both the first period (1955–1975) and the second pe-
riod (1976–1989). That improvement was likely as-
sociated with the construction of a fence around the 
colony at the beginning of the third period, which 
helped protect the colony from terrestrial preda-
tors. During the first (1955–1975) and the second 
(1976–1989) periods, the average breeding success 
was 0.77 chicks per nest, whereas in the third pe-
riod it rose to 1.04 chicks per nest (Table 2). The 
breeding success increased gradually but a clear in-
crease was observed from 1998 to 2007, when the 
breeding success exceeded the critical threshold of 
1.0 chicks per nest. According to Crivelli (1987), a 
breeding success rate of 0.8 chicks per pair would 
be sufficient to maintain the colony in a stable state, 
while a breeding success greater than 1.0 ensures 
population growth. The Dalmatian pelican can eas-
ily raise two chicks if the colony is very well pro-
tected, with a maximum breeding success rate of 
1.34 chicks per pair (Catsadorakis et al. 1996). In 
the Srebarna Nature Reserve colony, there was only 
one year (2004) in which was recorded a breeding 
success of 1.38 chicks per nest and 44 years (64%) 
in which the breeding success was over 0.80 chicks 
per nest. However, in our study, failed nests were 
not included in the calculations, which might inflate 
success rates compared to other studies that had in-
cluded all nests (total attempts). Nevertheless, the 
breeding success data from the Srebarna Nature Re-
serve are methodologically sound and comparable, 
although they are optimistic estimates due to the ex-
clusion of failed nests. Temporal trends, particularly 
the decline observed since 2016, corresponded with 
increased predation pressure and progressively de-
creasing water levels driven by both reduced inflow 
from the Danube River into the lake and prolonged 
droughts, thereby underscoring the importance of 
these comparisons for conservation analysis.

The overall annual growth rate data from the 
Dalmatian pelican colony in Srebarna supported 
the observation by Catsadorakis et al. (2024) that 

older colonies exhibit growth rates below 10%. 
Our results show a negative annual growth rate of 
−1.14% over the entire 70-year period. The second 
period (1976–1989) and most of the third period 
(1990–2015) exhibited positive annual growth rates 
of 0.99% and 2.11%, respectively. These findings 
were supported by the coefficient of variation in nest 
numbers, which was 17% during the second period, 
indicating the highest level of stability in the Dalma-
tian pelican colony. At that time, Srebarna Lake had 
already been granted substantial legal protection 
(see Introduction). However, during the last period 
(1990–2024), although the number of nests reached 
peak values, it was also marked by the highest fluc-
tuations, with nest numbers declining to their lowest 
level in 2023. This period was marked by the lowest 
annual growth rate (−1.84%) and the highest coef-
ficient of variation (48%), likely resulting from the 
negative factors outlined below. 

The main negative impacts documented in 
Lake Srebarna include: 
1. Destruction of broods by omnivore and car-

nivore mammals (wild boars, golden jackals, rac-
coon dogs). In 2008, a significant portion of the nests 
in the breeding colony, along with approximately 
60 eggs, were destroyed by wild boars (Simeonov 
2011). In 2011, a total of 17 breeding pairs were 
prompted to relocate approximately 1200 m south-
east due to predation pressure from a golden jackal; 
the freezing of the lake in February 2023 facilitated 
access for golden jackals to invade the colony and 
depredate the nests, driving the birds away. Similar-
ly, since 2019, raccoon dogs scavenging on pelican 
eggs were recorded by a video-surveillance system 
(Koshev et al. 2020). Although predation on Dalma-
tian pelican colonies by both wild boars and raccoon 
dogs has not been documented elsewhere, such spe-
cies are generally recognised as potential threats to 
the breeding success of ground-nesting birds (Mori 
et al. 2021). In wetland ecosystems, the abundance 
of the wild boar has been negatively associated with 
the reproductive success of the highly vulnerable 
waterbird communities, particularly those nesting on 
shores or islands, either colonially or solitarily (Bar-
asona et al. 2021). In Europe, nest predation by the 
invasive raccoon dog has been shown to adversely 
affect the breeding success of various ground-nesting 
waterbird species (Dahl & Åhlén 2019, Nummi et al. 
2019, Holopainen et al. 2021). In addition, depreda-
tion on Dalmatian pelican nests by other carnivores, 
such as the red fox (Vulpes vulpes), beech marten 
(Martes foina), golden jackal and feral dogs (Canis 
familiaris), has been reported in Greece and Türkiye 
(Catsadorakis et al. 1996, Onmuş et al. 2011).
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2. Disturbances caused by illegal fishing with 
nets during the breeding period. Adverse effects of 
human activities on the breeding success of the Dal-
matian pelican in Srebarna Lake have been docu-
mented repeatedly over time, beginning with the 
earliest records of the colony (Reiser 1894, Petrov 
1947, Mountfort & Ferguson-Lees 1961; see also 
Table 1). Since the designation of Srebarna Lake 
as a Ramsar Site in 1975, increasing efforts have 
been undertaken to protect the breeding colony of 
Dalmatian pelicans. Nevertheless, illegal fishing 
with nets and boats within the boundaries of the re-
serve continues to be reported annually, threatening 
the successful breeding of the Dalmatian pelicans. 
Similarly, disturbance caused by illegal hunting has 
been identified as one of the primary limiting fac-
tors affecting the Dalmatian pelican population at 
Skadar Lake in Montenegro (Saveljić & Rubinić 
2008).

3. Late cold spells characterised by snow and 
persistently low temperatures, primarily in February, 
March and April, lead to egg freezing and interrup-
tions in breeding. On several occasions during the 
study period – specifically in 1994 and 2023 – cold 
weather was identified as a primary factor contrib-
uting to the low breeding success of the Dalmatian 
pelican in the Srebarna Nature Reserve.

4. Waterfowl disease outbreaks. A significant 
mortality event in the Dalmatian pelican colony 
occurred in 2015, when an H5N1 virus outbreak 
(Stoimenov et al. 2017) at the onset of the breeding 
season led to the death of 42 individuals (RIEW 
– Ruse, 2015 Annual Report). Similarly, the avi-
an influenza (H5N1) has been reported as a ma-
jor cause of high mortality in Dalmatian pelican 
colonies in Greece, Albania, Montenegro and Ro-
mania (Alexandrou et al. 2022, Adzic et al. 2024). 
The demonstrated high susceptibility of Dalmatian 
pelicans to H5N1 (Alexandrou et al. 2022) places 
their populations at considerable risk from future 
outbreaks.

5. Fluctuations in the hydrological regime 
(Vasilev et al. 2012). The hydrological regime is 
not, in itself, a decisive factor for the breeding suc-
cess of pelicans in the Srebarna Nature Reserve, as 
the colony persisted even under critically decreased 
water levels between 1992 and 1994 (Stoyneva & 
Michev 1997, Michev et al. 1998). However, low-
ered water levels can facilitate predator access to 
pelican nests. In the early 1990s, nest depredation 
was prevented by the protective fence constructed 
around the colony in 1990. In contrast, recent in-
cursions by raccoon dogs, facilitated by decreasing 
water levels, indicate that the existing fence has 

become ineffective due to changes in the colony’s 
spatial configuration. Consequently, the develop-
ment of a new management approach is required to 
mitigate predation.

In summary, minimising the impacts of key 
negative factors such as disrupted hydrology, mam-
malian predation and disturbances caused by fish-
ermen is essential (Catsadorakis & Crivelli, 2001, 
Catsadorakis & Portolou 2018). 

Yet another factor may have indirectly con-
tributed to the recent marked decline in the number 
of breeding pairs in the Srebarna Nature Reserve. 
Michev (1981) suggested that adult birds from the 
colony may emigrate to other colonies during years 
when adverse conditions arise. The pronounced de-
cline in the number of occupied nests in Srebarna 
in recent years, driven by predation pressure and 
low water levels, which increase nest vulnerability, 
coincides with the establishment of two additional 
nesting sites. Since 2016, the Dalmatian pelican 
has begun nesting on newly constructed wooden 
platforms in Persina Nature Park, located 155 km 
south-west of Srebarna and, since 2021, also in the 
Kalimok–Brashlen Protected Area, situated 47 km 
to the west (Fig. 1). Nesting data from the past dec-
ade suggest a potential redistribution of the breeding 
population among the three protected areas (Fig. 6). 
However, more rigorous research, particularly in-
volving the tracking of individually marked birds, 
is needed to confirm this assumption conclusively. 
Nevertheless, negative events can affect all three 
colonies at the same time, as evident from the low 
number of nests in the three Bulgarian colonies in 
2022, with 26 nests in the Srebarna Nature Reserve, 
0 nests in the Persina Nature Park and 30 nests in the 
Kalimok–Brashlen Protected Area (Cheshmedzhiev 
et al. 2022).

Conservation measures
An important conservation measure undertaken in 
the Srebarna Nature Reserve was the restoration 
of the hydrological connection with the Danube 
River, which enables the inflow of Danube waters 
into the reserve. This activity was initiated in the 
late 1970s with the partial demolition of a dike that 
had been built in 1949. It continued with the exca-
vation of a canal and the construction of a water 
control structure in 1994 in the north-eastern part 
of the lake. Most recently, in 2023, an additional 
inlet canal with a spillway was constructed in the 
north-western part of the lake to enhance the natural 
circulation of water during overflows of the Danube 
River, while the existing canal continues to drain 
water back into the river.
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Furthermore, the prohibition of fishing and reed 
cutting, installation of protective fencing around the 
breeding colony and the construction of artificial 
nesting platforms were essential steps in positively 
impacting the breeding of the Dalmatian pelican. It 
is indisputable that the conservation measures to pro-
tect the colony from predation taken in the period 
1998–2016 have greatly contributed to the improved 
breeding conditions (Simeonov 2011). For example, 
in 2000, 30 out of 85 nests (35%) were built by the 
pelicans on the newly constructed platforms and 110 
young pelicans altogether were successfully reared 
in the colony. Between 2000 and 2004, an average of 
46 nests and 62 chicks were recorded annually on the 
raised platforms, confirming this method as a suc-
cessful measure against wild boars. In addition, the 
first breeding of the great white pelican (Pelecanus 
onocrotalus) for Bulgaria was documented there in 
1999, when a pair successfully nested on one of the 
raised platforms (Simeonov et al. 2001, Simeonov 
2011). The implementation of conservation measures 
and the expansion of suitable nesting surfaces have 
proven effective in other Dalmatian pelican colonies 
across South-Eastern Europe. This is evidenced by 
the increasing number of nests observed at Mikri 
Prespa Lake and Kerkini Lake in Greece (Catsadora-
kis et al. 2024), as well as at Manyas Lake in Türkiye 
(Onmuş et al. 2011). In contrast, the low number of 
breeding Dalmatian pelicans at Skadar Lake in Mon-
tenegro is primarily attributed to the lack of effective 
protection measures (Saveljić et al. 2004).

Conclusion
The long-term study of the Dalmatian pelican col-
ony in the Srebarna Nature Reserve reveals both 
the resilience and vulnerabilities of this species 
in the changing environment. Over the 70-year 
period from 1955 to 2024, the breeding numbers 
have shown fluctuations, with a gradual but slow 
overall increase. However, recent trends indicate 
a concerning decline in nest numbers and breed-
ing success, particularly in the last five years. The 
implementation of conservation measures, such as 
the construction of raised wooden platforms and 
protective fencing, has yielded positive results, en-
hancing breeding success and chick survival rates. 
Yet, challenges remain, including predation by 
both invasive and native species, such as the rac-
coon dog and the golden jackal, along with raids by 
wild boar populations, which threaten the colony. 
This article highlights the importance of ongoing 
conservation efforts and adaptive management 
strategies to mitigate these threats and support the 
Dalmatian pelican’s breeding success. Moving for-
ward, it is crucial to enhance regular maintenance 
of artificial nesting structures and implement meas-
ures to control predator populations. By prioritis-
ing these actions, we can work towards ensuring 
a stable Dalmatian pelican population in the Sre-
barna Nature Reserve and contribute to the broad-
er conservation goals of this bird species across  
Europe. 

Fig. 6. Trends in the number of Dalmatian pelican nests in three protected areas in Bulgaria during the period 2016–2024.
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