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Abstract

The study of a nest of Long-legged Buzzard Buteo rufinus was carried out using a trail camera and is one
piece of a completely unknown jigsaw puzzle of diet and nesting behaviour in Romania. With a hatching
success of 75%, we identified 3 hatched chicks from the 4 eggs. During the 10 days of monitoring, 34
preys brought to the nest were identified, with a peak of activity between 11:00-17:00 and a preference
for the European Ground Squirrel Spermophilus citellus (61.76%). This was followed by the Domestic
Pigeon Columba livia f. domestica and the Common Wood Pigeon C. palumbus (5.88%), and amphibians
were represented by the European Green Toad Bufotes viridis (2.94%). There were 10 unidentified prey
species (29.41%). We identified the presence of plastic and textile fibres in the nest and the risk of chick
suffocation. We also improved our understanding of interspecific interactions and our observations
highlighted the mutualism between the three species in the nest: Spanish Sparrow, House Sparrow and
LLB. The removal of solitary trees from the agricultural landscape is a major threat in south-western
Romania, affecting the breeding population of the LLB, which, as in our case, nests on this type of support.
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Introduction

Accurate knowledge of a species’ diet is needed for a more complete understanding
of its feeding ecology (Bakaloudis 2009, 2010; Birrer 2010) and habitat requirements
as well as to manage and protect species (Oehm et al. 2011; Gong et al. 2019). The
breeding success is mostly controlled by the abundance and type of food resources as
well as by the availability of suitable nesting sites (Newton 1979, 1988; Jenkins 1994;
Watson 1997; Wightman 2001). Therefore, the diet is an imperative information in
order to determine ecological function and conservation management (Wang et al.
2022).

The Long-legged Buzzard (Buteo rufinus), hereafter LLB, has a large range from
N Africa, Europe from Hungary to the Balkans, Ukraine and S Russia, and Asia
from Turkey through Transcaucasia, Iran, Afghanistan to and Central Asia to NW
China, and S to N Pakistan and NW India (Snow and Perrins 1998; Stoychev and
Demerdzhiev 2020; Friedemann et al. 2021). The population of LLB in Europe is
increasing, currently estimated between 11,800 and 19,200 pairs, more than 85%
of which are found in Russia, Turkey, Azerbaijan, Bulgaria and Romania (Stoychev
and Demerdzhiev 2020). The distribution of the LLB seems to overlap with that of
the European Ground Squirrel (Spermophilus citellus) (Tucker and Heath 1994).
Also, the population of LLB is thought to fluctuate in response to voles populations
(Ferguson-Lees and Christie 2001). Mrlik and Landsfeld (2002) considered food as
a factor of less importance in the range expansion, reporting global warming and
the expansion of pseudo-steppes as a consequence. The LLB inhabits predominantly
in open natural or intensively cultivated areas (Shirihai 1996; Adamian and Klem
1999), with trees (singly or in groups) and on rocks near open feeding sites (Tucker
and Heath 1994; Ferguson-Lees and Christie 2001). Included within their territories
avillage outskirts but almost no urban areas indicating the importance of open areas
for foraging purposes for the species (Iezekiel et al. 2016).

The LLB’s diet consists mainly on small mammals, mostly Gound Squirrels
(Spermophilus sp.), rats (Rattus sp.), voles (Microtus sp.), young rabbits (Oryctolagus
cuniculus), occasionally small hares (Lepus europaeus), hamsters (Cricetus cricetus),
hedgehogs (Erinaceus roumanicus), moles (Talpa sp.), and weasels (Mustela sp.);
frogs and toads (Rana sp., Pelobates sp., and Bufo sp.); reptiles, as lizards (Lacerta
sp., Eremias sp.) and snakes (Natrix sp., Vipera sp.); a low number of birds whose
size vary from larks (Alaudidae) to female common pheasant (Phasianus colchicus)
and short-eared owl (Asio flammeus) or large insects in spring, summer, and autumn
(Coleoptera and Orthoptera) because is an opportunistic raptor (Ali and Ripley
1968; Cramp and Simmons 1980, del Hoyo et al. 1994; Alivizatos and Goutner 1997;
Khaleghizadeh et al. 2005; Mebs and Schmidt 2006; Wu et al. 2008; Friedemann et
al. 2010; Dravecky et al. 2022).

The present study is the first in Romania to use a non-invasive method of data
collection through photographic and digital image recording of LLB. Our work
aimed to improve our knowledge of diet composition and to collect additional data
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on feeding times and factors influencing diet in LLB from south-western Romania.
Our observations on diet and breeding behaviour are collected from the first days
of life, along with the ten days that are crucial for proper nestling development,
unlike most studies that focus on the period immediately before leaving the nest.
In addition, we show how knowledge of diet and chick development could help
implement management strategies for species conservation.

Material and methods

Studied species

Over the past 20 years, the LLB has been expanding in Romania. (Daré6czi and Zeitz
2008; Danko 2012; Baltag et al. 2014; Birdu et al. 2018; Stoychev and Demerdzhiev
2020; Birau et al. - in preg). The LLB is currently distributed almost throughout the
whole territory of Romania and is estimated at 400-900 breeding pairs (Fantana et al.
2022). Nest location is not only limited to cliffs, but trees are occasionally used (Cramp
and Simmons 1980; Paz 1986, Shirihai 1996, Friedemann et al. 2010; Mansoori 2013)
with oak and poplar most important species to place nests (Graham 1992), but also
power-transmission poles (Milchev 2009). The species also seem to exhibit plasticity
in their breeding habits (Iezekiel et al 2016).

Study area

This study was carried out in the south-western part of Romania in the Danube
floodplain. The study area is located in Dolj County, 3 km from the Danube, with
lowland intensively cultivated areas and isolated trees (Fig. 1), but also with grasslands
where the European Ground Squirrel is present. The climate of this area is transitional
between Temperate and Mediterranean. There is a village nearby, but the human
impact on the nest is minimal.

Data collection and analyses

The first field visits to the surveyed nest took place on 13 March 2022. The nest site
was examined with binoculars and the location was recorded with GPS. The distance
between the monitored nest and the nearest road, calculated by using Google Earth,
was 180 m. The nest was located in an old, isolated pedunculate oak (Quercus robur
L.) surrounded by arable land, with agricultural roads between them, where the
European Ground Squirrel has taken refuge in the absence of grassland. The nest
was located at an altitude of 6 m and measured 63 centimeters in height, 61x74
centimeters in width, a structure with evidence of stratification, suggesting use over
several years (Fig. 3). Food and nesting behaviour were recorded with a Minox trail
650 DTC camera over 10 days, from 21 May to 30 May 2022, following raptor diet
assessment techniques (Newton 1990). Incubation began on 12 April with 4 eggs
and was observed throughout the breeding season, during the post-hatching period
(around the age of 10 days after hatching) and the chick-rearing period (around
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Figure 1. The nesting site of Buteo rufinus in Dolj county (red dot).

the age of 20 days after hatching) (Fig 4). Our study pair of LLB managed to hatch
3 chicks from 4 eggs, the first chick appeared on 12 May, and the trail camera was
mounted and adjusted towards the nest on the 10" day of the first clutch to minimize
disturbance (Fig. 6).

Figure 2. The study area with isolated pedunculate oaks (Quercus robur L.) and an open area with

farming. Only one of the five oak trees presented LLB’s nest (left) being also the one monitored.
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Figure 3. Measurements of the monitored nest. The presence of plastic and textile materials in the nest
is common at this species.

Figure 4. Clutch size with 4 eggs in the monitored nest.
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Figure 6. Hatching success in the monitored nest.
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A classical exploratory approach was preferred for the analysis of the collected
data. The main factors analyzed were the frequency and composition of prey and also
the share of different prey categories in the total prey fed to the chicks.

Results

Of the 11,760 photographs taken during the monitoring, we identified 34 prey items
of LLB (Fig. 8). We analyzed the feeding period defined as the time between 06:00 and
20:00 when the first and last feeding took place. Thus, we outline 3 feeding periods:
06.00-10.00, 11.00-17.00, and 18.00-20.00. This shows that the diet was dominated
by one mammal species, the European Ground Squirrel (61.76%), followed by birds
represented by two species, the Domestic Pigeon Columba livia f. domestica and the
Common Wood Pigeon C. palumbus (5.88%). Amphibians were represented by only
one specimen of the European Green Toad Bufotes viridis (2.94%) (Fig. 12). There
were 10 unidentified prey items (29.41%). There were also 2 feeding pauses, between
10-11 and 17-18 (Fig. 7).

During the monitoring, the chicks were fed by the female and the male was only
present when bringing the prey (see Fig. 9). The female remained with the chicks
throughout the monitoring, with short intervals of absence, and also protected the
chicks during the rain that occurred on the 7" day (see Fig. 14).

The 34 prey items brought to the nest accounted for 37 feedings, as 2 prey items
of pigeon species were multiple meals. Domestic Pigeon was hunted and brought to
the nest in the morning of the 2™ day, where part of it was eaten, and the other part

294% ___294%

29,41%

m Unidentified prey

m Columba livia f. domestica

m Spermophillus citellus
Columba palumbus

m Bufotes viridis

2,94%
61,76%

Figure 7. Prey composition during the study.
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consumed in the afternoon of the same day. The Common Wood Pigeon, hunted
on the 5™ day, was eaten in three meals: when it was brought to the nest, then in the
evening of the same day, and the third meal was the following morning, on the 6*
day of observation (Fig. 11). We observed an increase in the number of prey brought
to the nest on days 9 and 10, when we recorded 7 and 6 prey per day, respectively.
We observed the presence of the European Ground Squirrel in the diet on 9 out of
the 10 days of study, with an average of 2.3 per day. On day 4 of the monitoring, i.e.
their 14" day of life, LLB chicks were also observed to ingest whole prey of S. citellus
(Figs 9, 10). The earliest feeding occurred at 06:02 on monitoring day 6, facilitated
by the presence of food left over from the previous day, the remainder being from
the Common Wood Pigeon (C. palumbus). The last feeding occurred at 20:34 on
monitoring day 5, again facilitated by the presence of prey stored in the nest, the
same Common Wood Pigeon that was hunted on monitoring day 5 at 16:04, which
constituted 3 meals. We can therefore see that the food stores provide multiple food
sources at times when the chicks would not otherwise have been fed. No nocturnal
feeding was observed.

The hatching success recorded in our study was 75%, hatching 3 out of 4 eggs.
The chicks did not hatch at the same time, one of them being smaller in size (Fig. 6).
The nest was constantly renewed with plant material such as twigs of the pedunculate
oak (Q. robur L.) in which it was located or leaves of maize (Zea mays) from extensive
agricultural plots found near the nest (See Fig. 10). The presence of plastic and
textiles in the nest was also observed. The female apparently used these to increase
the thermal comfort of the chicks. An imminent danger of suffocation for a chick
was also recorded on the 2™ day of the monitoring (Figs 5, 13).

Eighteen pairs of Spanish Sparrow (Passer hispaniolensis) (Fig. 15) and one pair of
the House Sparrow (P. domesticus) (Fig. 16) were observed in the same pedunculate
oak. The nest of the House Sparrow and three nests of the Spanish Sparrow were
built at the base of the LLB nest.

® Unidentified prey

B Columba livia f. domestica

= Spermophillus citellus

Columba palumbus
‘EEEI El ® Bufotes viridis

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10
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Figure 8. Proportion of prey species during the study.
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Figure 10. Maize (Zea mays) and peduculated oak (Quercus robur) used for the repellent activity of
parasites (30.05.2022).
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Figure 14. The female protecting the chicks during the storm (28.05.2022).
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Figure 15. Spanish Sparrow (Passer hispaniolensis) in mutualism relationship with Long-Legged Buzzard
(Buteo rufinus) (28.05.2022).

Figure 16. House Sparrow (Passer domesticus) in mutualism relationship with Long-Legged Buzzard
(Buteo rufinus) (27.05.2022).

Discussion

According to published knowledge on the feeding ecology (Cramp and Simmons
1980; Alivizatos and Goutner 1997; Milchev 2009; Redinov 2010; Bakaloudis et al.
2012; Birau et al. 2018; Kassinis et al. 2022; Dravecky et al. 2023), mammals are the
most abundant prey items in the diet of LLB from south-eastern Europe and Iran.
In accordance with these published results, mammals 62% are the most dominant
part of the diet of LLB in our study from south-western Romania.

An important component of the LLB diet is the Ground squirrels of the family
Sciuridae. In Hungary, Bulgaria, and Romania the species consumed is S. citellus
(Kalotas 1992; Milchev 2009; Danko 2012; Birau et al. 2018; Dravecky et al. 2023). In
Ukraine, the species consumed is S. suslicus, S. pygmaeus and S. odessanus (Cramp
and Simmons 1980; Syzhko 2005; Redinov 2010, 2012). According to published
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results, S. citellus is the dominant part of the diet of LLB and in our study from
south-western Romania.

Our study focused on detailed monitoring of both diurnal and nocturnal activity.
The 34 preys were delivered to the nest with a peak of activity between 11:00-17:00
when 22 preys were delivered, including 14 European Ground Squirrels. During the
06-10 interval, 7 preys were delivered - including 1 European Ground Squirrel, and
during the 18-20 interval, 5 preys were delivered - all European Ground Squirrels.

Our preliminary dietary data from the nest studied with the trail camera show that
S. citellus was the most abundant, which can be explained by the short observation
period coinciding with the appearance of juvenile European ground squirrels, which
are easily preyed upon during these weeks as they are still very inexperienced. Of the
total of 21 European Ground Squirrels brought to the nest as prey, 13 were juveniles.
These were part of the diet on 9 out of 10 days of the study, with the exception of day
3. Day 3 was a rainy day, which explains the low activity of the European Ground
Squirrels; during rainy periods, European Ground Squirrels retreat into their burrows
(Spoelstra et al. 2000; Everts et al. 2004), and implicitly the possibility of being preyed
upon decreases. The method has the advantage of being able to collect all data from
the monitoring period, feeding frequency, and food consumption, aspects that
could not be collected by other methods (pellets, prey remains, etc.). However, the
method also has drawbacks, 10 prey items in our study (29%) could not be identified,
which creates a large element of uncertainty in the correct assessment of the trophic
spectrum, a problem encountered in other studies using camera traps to determine
the diet of raptor species (Dravecky et al 2023). Sonerud (1992) mentions that no
insects were observed to be carried to the nests, as these might provide less energy,
which is below a certain threshold for the species. This aspect was also confirmed in
our study, as no insect prey was observed during the study.

The short observation period may be one of the factors responsible for the low
prey diversity, as evidenced by the remains of the European hare (Lepus europaeus)
that appeared in the nest between the first hatch check (12 May) and the placement
of the camera in the nest 10 days later (21 May). In addition, one of the parents was
observed with a telescope carrying a Caspian Whipsnake (Dolicophius caspius) to
the nest after the end of the recording period (5 June).

The size of open territories was significantly positively correlated with breeding
success in this open-ground species (Friedemann et al. 2011). The pedunculate oak in
which the monitored nest was located is in the open ground 180 m from the nearest
access road. As there are several oak trees in the area (Fig. 2), we believe that the
greater distance from the road compared to the other trees was the determining factor
in the choice of the tree in which the nest was located. Tree-nesting large raptors have
been highlighted in the past as species sensitive to human disturbance (Poirazidis et
al. 2007; Martinez-Abrain et al. 2010).

In Romania, no research has been carried out on the diet or the incubation and
development period of the chicks. The periods of registered nests with eggs and chicks
comply from the end of March to mid-May reported for this species in Bulgaria
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(Michev et al. 1984; Karaivanov 2000), the same period for Algeria (Djilal et al. 2023)
and Cyprus with the last chicks flying on 15" of June (Kassinis 2009). The nestling
period in Cyprus averages 32-34 days (lezekiel et al. 2007), the confirmed period
for the nest in our study. Vatev (1987) reported a period of about 49-53 days. The
average clutch size is 3-4 (2-5) eggs (Glutz von Blotzheim et al. 1971; Cramp and
Simmons 1980), more commonly 2-3 eggs (Mebs and Schmidt 2006), and one egg
has been reported for two clutches (Milchev 2009). Our nest had 4 eggs with a 75%
hatch rate. Plastic and textiles may be the reason that why one of the four eggs did
not hatch because it was isolated from the others.

The LLB increasingly uses more artificial materials for nest lining without
affecting the development of the chicks but the net of plastic fibers may cause brood
abandonment because it hindered the incubation, the turning of the eggs, and the
movements of the brooding bird in the nest (Milchev 2009; Milchev and Georgiev
2012). In our case, the artificial materials did not affect the development of the
chicks, but the chicks were wrapped in plastic bags and photos show the possibility
of suffocation. We also noticed the female added “green material” on the nest like
maize leaves (Z. mays) and pedunculate oak (Q. robur). The literature mentions that
it could have repellent activity and diminish nest ectoparasites (Wimberger 1984;
Friedman et al. 2013).

Some raptor breeding populations may also be affected by adverse weather
conditions during the breeding cycle (Kostrzewa 1989; Redpath et al. 2002; Ontiveros
and Pleguezuelos 2003; Vili 2012). A study on LLB revealed a vulnerability in relation
to precipitation during the warmest period, temperature seasonality, and annual
mean temperature (Stefinescu 2020). Other observations showed that the birds were
particularly vulnerable when heavy rainfall occurred during incubation (Demerdzhiev
2022). According to our observations, the chicks were not at risk because the rainfall
was short. On the third and fourth day, we observed heavy but brief rainfall when
the mother was in the nest with the chicks (Fig. 14). Bad weather conditions reduce
the hunting opportunities for the males and therefore the food supply for the chicks.

Trail camera monitoring of large raptor nests has also improved our understanding
of interspecific interactions between predators and smaller bird species, such as
the Spanish sparrow. Permanent nests, such as those of top predators, may also
be used for breeding by some other species (Hansell 2000; Healy et al. 2008), and
birds use the surroundings of these nests (Danko 2007). Maciorowski et al. (2020)
confirmed the presence of birds in raptor nests in Poland, and Spanish sparrows
have been observed in LLB nests in China (Hou and Wang 2023). Our observations
confirmed the mutualism relationship in the Spanish sparrow, House Sparrow
and LLB. The sparrows probably help in two ways: it strengthens the LLB nest and
helps to eliminate parasites, a behaviour which was observed in other cases (Hou
and Wang 2023). In that, the LLB gives it protection, not suspecting attacks on the
sparrows, even if they were “accessible”. However, no Spanish sparrow nests were
found in the other 4 pedunculate oak in the area, suggesting that they deliberately
chose to cohabitation with the LLB. Was also observed this habit in other LLB nests
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in south-western Romania (Birdu et al. 2018). Eighteen pairs of the Spanish Sparrow
(Passer hispaniolensis) (Fig. 15) and one pair of the House Sparrow (P. domesticus)
(Fig. 16) were observed in the same pedunculate oak. The nest of the House Sparrow
and three nests of the Spanish Sparrow were built at the base of the nest of the LLB.

On 10 March 2023 the same parental pair LLB was seen around the nest and
on the next visit on 29 April 2023 for further nest monitoring we observed a pair of
Common Kestrels (Falco tinnunculus Linnaeus, 1758) occupying the nest in 2023. This
change in nest site makes it difficult to monitor a pair over the long term, but also to
clarify the composition of their diet. In addition, the removal of solitary trees from
the agricultural landscape is a major threat in south-western Romania, affecting the
breeding population of the LLB which, as in our case, nests on this type of support.

This study is the first to provide an increase in the level of knowledge of the diet
composition and nesting behaviour of LLB in Romania, using research with a camera
trail at the nest. Our results contributed to the knowledge of the basic components of
the nesting behaviour and diet of this species. Our results, in agreement with other
authors, confirm that the diet is represented mainly by mammals; S. citellus was the
preferred food during the breeding period for Romania. The nest was located in an
oak (Q. robur), in an agricultural landscape, 180 m from the road, in an agricultural
plot. This highlights the importance of maintaining solitary trees in the agricultural
landscape, which are important for LLB nesting. The nest contained both textile and
plastic materials, highlighting the anthropogenic impact that can reduce breeding
success. We found, for the first time in Romania, the existence of a cohabitation
relationship between three species living in the same nest: LLB, Spanish Sparrow,
and House Sparrow.
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