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Abstract

Vultures play a very important role in ecosystems by feeding on dead animals and
preventing the spread of pathogens. In the mid-20™ century in Bulgaria, all species of
vultures experienced a rapid population decline and conservation measures include
captive breeding and release via adaptation aviaries. Knowledge of the baseline blood
biochemical parameters is crucial for the care, rehabilitation and prior to the release of
endangered birds of prey. Plasma levels provide valuable information for the evaluation of
the physical condition of animals.

Between 2020 and 2022, we took blood samples from captive Bearded, Griffon, Cinereous
and Egyptian Vultures in Bulgaria (n = 118). We determined the values of 18 parameters -
alanine transaminase, albumin, alkaline phosphatase, amylase, aspartate transaminase,
calcium, chloride, cholesterol, creatine kinase, creatinine, glucose, lactate dehydrogenase,
magnesium, phosphorus, total bilirubin, total protein, triglycerides and uric acid. This
research determined the mean blood biochemical indices for aviary Bearded, Griffon,
Cinereous and Egyptian Vultures in Bulgaria and compared the values amongst the four
vulture species, to serve in determining clinical pathology and nutrition for scavenger birds
of different species, age groups and genders in the country.
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The results of this study suggested that there are significant differences between many of
the indicators of the four vulture species. There are fewer differences in the indicators of
different ages of birds of a given species and almost no differences are found between the
two sexes of a species. These values could be used by scientists, veterinary pathologists,
wildlife rehabilitation centres and other researchers. Furthermore, the use of such
parameters in assessing population health may enable conservationists to further research
environmental conditions affecting the vultures’ reproduction and survival.
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Introduction

Through their feeding habits, vultures play a very important role in the ecosystem’s balance
as they prevent the spread of pathogens (DeVault et al. 2016). All vulture species in
Bulgaria experienced a massive population decline starting from the mid-20"" century
(Arabadzhiev 1962). Currently, the Bearded Vulture (Gypaetus barbatus) is marked as
extinct in the Red Data Book of the Republic of Bulgaria (Boev 2015) and the only birds of
this species in the country can be found in the Wildlife Rehabilitation and Breeding Centre
(WRBC) - Green Balkans, part of Green Balkans - Stara Zagora NGO. The Cinereous
Vulture (Aegypius monachus) was marked as Extinct in the Red Data Book of the Republic
of Bulgaria (Marin et al. 2015). Its population saw a rise after years of conservation and re-
introduction efforts - moving on from the last confirmed breeding of a single pair in 1993
(Marin et al. 1998) and, as of 2021, there are six pairs nesting in the wild in the country,
formed of re-introduced birds (lvanov et al. 2022). The Egyptian Vulture (Neophron
percnopterus) population in Bulgaria is currently in decline - it decreased by more than
50% between 2003 and 2016 (Arkumarev et al. 2018). The species is marked as
"Endangered" both in the Red Data Book of the Republic of Bulgaria (Kurtev et al. 2015)
and in the IUCN Red List (BirdLife International 2021). As a result of the targeted efforts of
Bulgarian nature conservation NGOs for biodiversity preservation (Nikolova 2010), the
nesting Griffon Vulture (Gyps fulvus) population recovered from one colony in the 1970s
(Michev et al. 1980) to 100 pairs in 13 colonies in 2016 (Stoynov et al. 2018). In the Red
Data Book of the Republic of Bulgaria, its status is "Endangered" (Yankov et al. 2015).

Keeping vultures in breeding or adaptation aviaries requires veterinary care. Plasma levels
of some biochemical indices provided valuable information for the evaluation of the
physical condition and nutritional status of raptors (Garcia-Rodriguez et al. 1987, Ferrer
1993, Dawson and Bortolotti 1997, Ferrer and Dobado-Berrios 1998, Baumbusch et al.
2021). Their feeding cycles and body condition determined the urea levels, pH of the urine,
total protein level, cholesterol and blood glucose levels, which can be used to optimise the
feeding of the birds in conditions with limited space and movement opportunities. Vulture
blood indicators values may be affected by factors such as species, sex, age and diet
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(Dell'omo and Cavallina 1996, Villegas et al. 2002, Hernandez and Margalida 2010).
Values differed between wild populations and vultures which have undergone prolonged
captivity (Dobado-Berrios et al. 1998, Giambelluca et al. 2017). Knowledge of the baseline
blood values of captive birds is needed in order to be able to assess individuals from
captive breeding programmes (Petrak 1982, Polo et al. 1992). It is extremely relevant for
endangered species and part of re-introduction programmes. For the Bearded Vulture,
there has been no previous study of the plasma parameters of captive individuals and the
values of the four European vultures species have not yet been compared.

The goal of this research was to determine the baseline blood biochemical indices in
captive Bearded, Cinereous, Egyptian and Griffon Vultures in Bulgaria, to serve in
determining clinical pathology, nutrition and veterinary management and be able to provide
more adequate care for them as part of the work to stabilise their populations in the
country.

Material and methods

All four vulture species are breeding in captivity in Bulgaria and three (Cinereous, Egyptian
and Griffon) have been kept and released from adaptation aviaries into the wild in the
country. The birds were sampled either in the adaptation aviaries or in the WRBC if they
were part of the breeding pairs there. The birds in the aviaries have undergone either
short- or long-term captivity, based on when and if they were there for release. Sampled
were seven Bearded, 40 Cinereous, 21 Egyptian and 50 Griffon Vultures.

All birds were examined by a veterinary physician of the WRBC upon blood collection and
were determined to be clinically healthy. Surfaces were disinfected with a Desclean
solution. We disinfected the area and collected 1.5 ml of whole blood from either the left or
right basilic vein (Vena cutanea ulnaris superficialis) of all specimens tested. We
immediately placed the blood into collection tubes containing lithium heparin. We used 3 ml
syringes with 23G needles. We transported the samples to a laboratory, where they were
processed within 4 hr of collection using a BS-120 (Mindray, China) automatic biochemical
analyser.

The age of the Bearded Vultures was divided into: juvenile - covering the period up to the
age of 1 year , immature - 1-3 years-old, subadult - 4-5 years-old and adult > 6 years-old
(Heredia and Margalida 2022). The Cinereous Vulture age groups were adapted from De la
Puente and Elorriaga (2012) into: - juvenille - 1 years-old, immature - 1-3 years-old,
subadult - 4-5 years-old and adult > 6 years-old. The age of the Egyptian Vultures was
divided into: juvenile - up to 1 years-old, immature - 1-2 years-old, subadult - 2-3 years-
olds and adult - > 4 years-old (Blasco-Zumeta and Hainze 2013b). The age of Griffon
Vultures was set as: juvenile - 1 years-old; immature - 1-3-years-old; subadult - 4-5 years-
old and adult - > 5-years-old (Blasco-Zumeta and Hainze 2013a).

We compared the values of the following 18 biochemical parameters - alanine
transaminase (ALT, U/l), albumin (g/l), alkaline phosphatase (ALP, U/l), amylase (U/l),
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aspartate transaminase (AST, U/l), calcium (mmol/l), chloride (mmol/l), cholesterol (mmol/
), creatine kinase (CK, U/l), creatinine (umol/l), blood glucose (mmol/l), lactate
dehydrogenase (LDH, U/I), magnesium (mmol/l), phosphorus (mmol/l), total bilirubin (umol/
), total protein (g/l), triglycerides (TG, mmol/l) and uric acid (umol/l), using descriptive
statistics with compared means (n) and Standard Deviation (SD) using analyses of
variance (one way ANOVA) provided in SPSS Statistics (SPSS-Inc., 2019, Chicago, USA).
Differences were considered significant at p < 0.05.

Results

We determined the mean values of the four species of European vultures residing in
captivity in Bulgaria. We compared the values of the 18 biochemical parameters amongst
the four species - there was a statistically significant difference in 10 parameters - AST,
ALT, LDH, CK, cholesterol, TG, amylase, calcium, albumin and creatinine. Eight were not
significantly different (Table 1).

Table 1.

Average values of some biochemical parameters of vultures in Bulgaria (Mean * Standard
Deviation, n = number).

Bearded Vulture ~ Cinereous Vulture (n  Egyptian Vulture (n  Griffon Vulture (n Al (n =

(n=7) =40) =21) =50) 118)

Mean + SD Mean + SD Mean + SD Mean + SD F Sig.
AST, U/l 177 £ 19.06 338.95+ 16.74 290.9 + 27.30 330.48 + 15.33 5.09 0.00
ALT, U/l 17.28 £ 2.88 48.8 +2.99 30.23+1.93 50.68 + 2.89 12.65 0.00
ALP, U/l 277.42 +174.80  287.25+37.23 354.95 + 75.21 409.64 + 89.09 0.56 0.64
LDH, U/l 783.57 +104.73  1132.12+ 85.85 1109.66 + 132.99  725.92 + 48.51 6.86 0.00
CK, U/l 556.85 +259.29  999.65 + 134.27 1014.9 £ 138.27 605.82 + 84.52 3.26 0.02
Cholesterol, 6.44 £ 0.30 5.23+0.12 6.19£0.25 5.35+0.24 3.73 0.01
mmol/l
TG, mmol/l 0.75+0.10 0.68 £ 0.03 1.63+0.10 0.8 +0.04 46.97 0.00
Chloride, mmol/l  111.71 £ 1.75 1125+ 0.75 112.76 + 1.04 110.92 + 0.72 1.07 0.37
Amylase, U/l 1699.71 £ 267.27 1177.7 £ 87.29 839.19 + 59.88 1894.04 + 190.36 7.62 0.00
Calcium, mmol/l  2.66 + 0.05 2.63 +£0.06 2.24+£0.03 2.62 +£0.04 8.58 0.00
Phosphorus, 1.03+0.12 1.03 £ 0.08 1+0.08 1.25+0.11 1.25 0.29
mmol/l
Magnesium, 0.92 +0.03 0.91+0.02 0.85 +0.04 0.96 + 0.03 192 0.13
mmol/l
Total protein, g/l  41.12+4.18 46.13 +1.04 44.63 +1.22 44.02+1.16 115 0.33
Glucose, mmol/l  15.58 + 0.39 17.15+£0.39 13.85+0.59 15.69 £ 0.44 0.54 0.66
Albumin, g/l 16.87 £ 0.33 17.73 £0.45 16.91 £ 0.19 17.5+0.44 6.66 0.00
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Bearded Vulture  Cinereous Vulture (n  Egyptian Vulture (n  Griffon Vulture (n  All (n =

(n=7) =40) =21) =50) 118)

Mean + SD Mean + SD Mean + SD Mean + SD F Sig.
Total bilirubin, 5.61+0.95 9.88 +0.67 9.39+1.66 9.58 + 0.62 147 0.23
umol/l
Creatinine, umol/l  38.28 £ 1.72 45.3 £ 0.68 35.9+0.74 42.6 +0.90 16.36 0.00
Uric acid, umol/l  484.14 + 74.60 380.35 + 21.56 369.57 + 64.82 468.74 + 41.24 145 0.23

A detailed analysis of the factor Sex on the biochemical indicators showed that it does not
affect the average values of the four species of birds. An exception is the Cinereous
Vultures where there is a moderate statistical difference in calcium and phosphorus
between males and females (F = 5.55; p = 0.024). A statistically significant difference in the
Age factor was found on three biochemical indicators of the Griffon Vultures - ALP,
cholesterol and phosphorus (F = 14.69; p = 0.00; F = 7.20; p = 0.00; F = 2.91; p = 0.04,
respectively). In Cinereous Vultures, the factor Age affected significantly some biochemical
indices such as ASAT, LDH, CK, TG, chloride, calcium, phosphorus, total protein, albumin,
blood glucose and uric acid. In the Bearded Vultures, the biochemical indices ALP, CK,
cholesterol and chloride were significantly different. A similar tendency was also found in
the Egyptian Vultures in the parameters ALP, calcium, total protein, total bilirubin and uric
acid (Table 2).

Table 2.

Significance of factors Sex and Age on the biochemical values of Griffon Vulture, Cinereous
Vulture, Breaded vulture and Egyptian Vulture (n = number). Differences were considered
significant at p < 0.05.

Bearded Vulture (n  Cinereous Vulture (n = Egyptian Vulture (n = Griffon Vulture (n =

=7) 40) 21) 50)
F Sig. F Sig. F Sig. F Sig.
AST, U/l Sex 033 059 198 017 0.72 0.41 139 024
Age 0.34 080 412 0.01 231 0.1 158 021
ALT, Ul Sex 4.51 009 094 0.34 1.38 0.26 0.01 0.92
Age 0.96 0.51 1.42 0.25 1.08 0.38 159 0.20
ALP, U/l Sex 1.1 034 001 0.94 214 0.16 029 059
Age 4989 000 247 0.08 4.40 0.02 1469 0.00
LDH, U/l Sex 0.44 053 272 0.11 161 0.22 000 095
Age 0.89 054 334 0.03 0.70 0.56 030 082
CK, U/l Sex 0.67 045 154 0.22 0.28 0.60 0.01 0.91
Age 2512 001 775 0.00 0.94 0.44 034 080
Cholesterol, Sex 0.03 08 078 0.38 0.91 0.35 0.11 0.74
mmol/ Age 1144 004 204 0.13 1.99 0.15 720 000

TG, mmol/l Sex 0.59 0.48 1.77 0.19 0.42 0.52 247 0.12
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Bearded Vulture (n Cinereous Vulture (n = Egyptian Vulture (n = Griffon Vulture (n =

=7) 40) 21) 50)
F Sig. F Sig. F Sig. F Sig.
Age 0.55 068 327 0.03 0.87 0.48 255 007
Chloride, mmoll  Sex 0.68 045  0.69 0.41 0.32 0.58 328 008
Age 6371 000 508 0.00 227 0.12 027 085
Amylase, U/l Sex 1.50 028 004 0.85 0.06 0.81 000 096
Age 0.38 077 114 0.35 3.14 0.05 136 027
Calcium, mmoll  Sex 0.27 062 555 0.02 1.1 0.31 140 024
Age 3.08 019 485 0.01 9.59 0.00 068 057
Phosphorus, Sex 3.08 014 463 0.04 1.23 0.28 108 030
mmol/ Age 148 038 356 0.02 1.83 0.18 2.91 0.04
Magnesium, Sex 0.86 040 224 0.14 0.13 0.72 217 015
mmol/ Age 0.04 099 049 0.69 0.36 078 0.43 0.74
Total protein, g/l Sex 0.35 058 069 0.41 0.02 0.89 007 080
Age 0.96 051 816 0.00 1123 0.00 108 037
Albumin, g/ Sex 0.74 043 071 0.41 0.13 0.72 035 056
Age 0.05 098 1338 0.0 0.98 0.42 076 052
Glucose, mmolll  Sex 0.25 064 179 0.19 0.21 0.65 083 037
Age 4.84 0.11 435 0.01 1,68 0.21 012 095
Total bilirubin,  Sex 4.56 009 133 0.26 0.69 0.42 025 062
umolf Age 4.36 013 166 0.19 468 0.01 235 008
Creatinine, pmol/l  Sex 0.43 054 013 0.72 017 0.68 002 089
Age 4.02 014 121 0.32 1,59 0.23 240  0.08
Uric acid, ymoll  Sex 0.00 098 032 0.57 0.12 0.73 028 060
Age 0.52 070 495 0.01 4022 0.00 235 0.09

Discussion

We compared our results to previously published biochemistry values for vultures. For the
Bearded Vulture, there is only one study available in which wild birds were sampled
(Hernandez and Margalida 2010). Compared to their values, ours of the captive birds were
noticeably higher for the parameters ALP, amylase and uric acid and lower for LDH and
CK. However, when determining our mean values, we combined age groups, but we
compared them with the published results for only adult birds. For the Cinereous Vultures,
we compared our data to two studies. We have taken the results of captive birds (Villegas
et al. 2002), as we assumed they would be closest to ours. Additionally, we also looked at
another study featuring the values of wild birds (Seok et al. 2017). Our biochemical indices
AST, ALP, LDH and CK values were higher than those of the two studies and theirs had a
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low protein level. The uric acid value for our Cinereous Vultures was much closer to that of
the wild birds studied and not to those of the captive group. The results of the Egyptian
Vultures were compared to three other studies on the birds’ biochemistry (Polo et al. 1992,
Delllomo and Cavallina 1996, Dobado-Berrios et al. 1998). The values of captive birds
were compared. AST, ALT, ALP, LDH and CK were higher in our vultures than in most of
the rest. Our CK result was of similar value to the research of Dellomo and Cavallina
(1996). Our Griffon Vulture results were compared to other studies of captive birds (Ferrer
et al. 1987, Polo et al. 1992) and the results were comparable, with the exception of
parameters AST, ALT, ALP, LDH and CK - which, in our birds, are with considerably higher
values again. The variations could be due to different diets and physical activity in the
different captive facilities. It is reported the elevated AST and ALT values in particular could
be attributed to lower physical activity associated with confinement (Dobado-Berrios et al.
1998).

This is the first study in which the four European vulture species were sampled in one
country in a short period of time and compared. In between them, there was a statistically
significant difference found in 10 biochemical parameters, while there was no significant
difference in eight. It has been reported there are differences in blood chemistry values
between wild and captive vultures (Dobado-Berrios et al. 1998, Villegas et al. 2002).
Giambelluca et al. (2017) have suggested that length of captivity can affect certain
(haematological) parameters of vultures - birds that had undergone short-term captivity
(< 30 days) exhibited values closer to that of wild birds. In this regard, we considered the
birds in this study captive, as all had spent more than a month in aviaries.

The factor Sex did not affect significantly any of the average values of the four species,
which was also determined in some of the above-mentioned studies (Dellomo and
Cavallina 1996, Hernandez and Margalida 2010). Age-related differences were observed in
a number of indicators for all four species, which is consistent with findings for Bearded
Vultures by Hernandez and Margalida (2010), for Cinereous Vultures by Villegas et al.
(2002) and for Egyptian Vultures (Dell'lomo and Cavallina 1996, Dobado-Berrios et al.
1998).

Conclusions

This is the first study in which the four European vulture species kept in captivity were
sampled and the values of some biochemical parameters were compared. A number of
differences were found amongst the biochemical indicators of the four species, indicating
that the values for one species should not be used for another. There were no significant
differences found between males and females of the four species. Age-related differences
were observed in a number of indicators for all four vulture species, indicating values for
one age group are not directly applicable to another. Compared to previously published
research on European vulture biochemistry, the values of AST, ALT, ALP, LDH and CK were
significantly higher in the birds in this study, which can be attributed to variations in diet and
physical activity in the different facilities. The reported values can be used for assessing
the vultures’ health as part of the work to stabilise their populations in Bulgaria.



8 Petrov R et al

Acknowledgements

The work is part of project Bright Future for Black Vulture LIFE14 NAT/BG/649. The study
is conducted as part of research project “Comparative study of some basic blood
biochemical parameters in captive-bred Bearded Vultures, Griffon Vultures, Cinereous
Vultures, Egyptian Vultures and common ravens in Bulgaria®, funded by Trakia University
(Bulgaria). The veterinary work was conducted by a team from the Wildlife Rehabilitation
and Breeding Centre - Green Balkans, part of Green Balkans - Stara Zagora NGO. The
authors express gratitude to Denitsa Petkova, Hristo Peshey, Ivelin Ivanov and Simeon
Marin for the assistance provided during the sample collection.

References

. Arabadzhiev | (1962) Birds of prey in Bulgaria. Science and Art, Sofia, 175 pp. [In
Bulgarian].

. Arkumarev V, Dobrev V, Stoychev S, Dobrev D, Demerdzhiev D, Nikolov SC (2018)
Breeding performance and population trend of the Egyptian Vulture Neophron
percnopterus in Bulgaria: Conservation implications. Ornis Fennica 95 (3): 1-13. URL:
https://www.ornisfennica.org/pdf/latest/18 Arkumarev.pdf

. Baumbusch R, Morandini V, Urios V, Ferrer M (2021) Blood plasma biochemistry and
the effects of age, sex, and captivity in Short-toed Snake Eagles (Circaetus gallicus).
Journal of Ornithology 162 (4): 1141-1151. https://doi.org/10.1007/s10336-021-01899-5

. BirdLife International (2021) Neophron percnopterus. The IUCN Red List of Threatened
Species. https://dx.doi.org/10.2305/IUCN.UK.2021-3.RLTS.T22695180A205187871.en

. Blasco-Zumeta J, Hainze GM (2013a) Griffon Vulture. Laboratorio Virtual Ibercaja 109:
1-13. URL: https://www.yumpu.com/en/document/view/11621116/109-griffon-vulture-
laboratorio-virtual-ibercaja

. Blasco-Zumeta J, Hainze GM (2013b) Egyptian Vulture. Laboratorio Virtual Ibercaja
108: 1-9. URL: https://www.yumpu.com/en/document/view/21822380/108-egyptian-
vulture-laboratorio-virtual-ibercaja

. Boev Z (2015) Bearded Vulture. In: Golemanski V, et al. (Ed.) Red Data Book of the
Republic of Bulgaria. Vol. 2. Animals. BAS & MOEW, Sofia, 383 pp. [In Bulgarian]. URL:
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D %D0%A1%D0%
97%D0%9F/%D0%A7%D0%B5%D1%80%D0% B2%D0%B5%D0%BD%D0%B0%
20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%
D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%
B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/
RDB%20-%20VOL2%20-%20BG.pdf [ISBN 978-954-9746-19-8].

. Dawson RD, Bortolotti GR (1997) Total plasma protein level as an indicator of condition
in wild American Kestrels (Falco sparverius). Canadian Journal of Zoology 75: 680-686.
https://doi.org/10.1139/z97-088

. De la Puente J, Elorriaga J (2012) Ageing of Eurasian Black Vulture (Aegypius
monachus) using the moult. In: Arenas RM, Dobado PM (Eds) The Black Vulture:
Status, Conservation and Studies. Diputacion de Cérdoba. Consejeria de Medio
Ambiente de Andalucia, Cérdoba, 259-269 pp. URL: https://www.researchgate.net/



https://www.ornisfennica.org/pdf/latest/18Arkumarev.pdf
https://doi.org/10.1007/s10336-021-01899-5
https://dx.doi.org/10.2305/IUCN.UK.2021-3.RLTS.T22695180A205187871.en
https://www.yumpu.com/en/document/view/11621116/109-griffon-vulture-laboratorio-virtual-ibercaja
https://www.yumpu.com/en/document/view/11621116/109-griffon-vulture-laboratorio-virtual-ibercaja
https://www.yumpu.com/en/document/view/21822380/108-egyptian-vulture-laboratorio-virtual-ibercaja
https://www.yumpu.com/en/document/view/21822380/108-egyptian-vulture-laboratorio-virtual-ibercaja
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://doi.org/10.1139/z97-088
https://www.researchgate.net/publication/271644844_Ageing_of_Eurasian_Black_Vulture_Aegypius_monachus_using_the_moult_En_Arenas_R_M_y_Dobado_P_M_coords_The_Black_Vulture_Status_Conservation_and_Studies_Diputacion_de_Cordoba_Cordoba

Comparison of blood biochemical parameters of four species of vultures 9

publication/271644844 Ageing of Eurasian Black Vulture Aegypius monachus
using the moult En Arenas R M y Dobado P M coords The Black

Vulture Status Conservation and Studies Diputacion de Cordoba Cordoba
Dell'omo G, Cavallina R (1996) Blood chemistry and haematological values of captive
Egyptian vultures (Neophron percnopterus). Avian Pathology 25 (3): 613-618. https://
doi.org/10.1080/03079459608419166

DeVault TL, Beasley JC, Moleon M, Carrete M, Margalida A, Sanchez-Zapata JA (2016)
Ecosystem services provided by avian scavengers. In: Sekercioglu CH, Wenny DG,
Whelan CJ (Eds) Why birds matter: avian ecological function and ecosystem services.
University of Chicago Press, Chicago. URL: https://core.ac.uk/download/pdf/
77938918.pdf

Dobado-Berrios PM, Tella JL, Ceballos O, Donazar JA (1998) Effects of age and
captivity on plasma chemistry values of the Egyptian Vulture. The Condor 100 (4):
719-725. https://doi.org/10.2307/1369754

Ferrer M, Garcia-Rodriguez T, Carrillo JC, Castroviejo J (1987) Hematocrit and blood
chemistry values in captive raptors (Gyps fulvus, Buteo buteo, Milvus migrans, Aquila
heliaca). Comparative Biochemistry and Physiology 87 (4): 1123-1127. https://doi.org/
10.1016/0300-9629(87)90049-1

Ferrer M (1993) Blood chemistry studies in birds: some applications to ecological
problems. Comparative Biochemistry and Physiology 1 (2): 1031-1044.

Ferrer M, Dobado-Berrios P (1998) Factors affecting plasma chemistry values of the
Spanish Imperial Eagle, Aquila adalberti. Comparative Biochemistry and Physiology
120: 209-217. https://doi.org/10.1016/S1095-6433(98)10031-4

Garcia-Rodriguez T, Ferrer M, Carrillo JC, Castroviejo J (1987) Metabolic responses of
Buteo buteo to long-term fasting and refeeding. Comparative Biochemistry and
Physiology 87: 381-386. https://doi.org/10.1016/0300-9629(87)90139-3

Giambelluca S, Cammarata M, Orefice T, Camifia-Cardenal A, Vazzana | (2017) The
impact of captivity on some haematological parameters of Griffon Vultures (Gyps
fulvus). Vet Ital 53 (3): 243-249. https://doi.org/10.12834/Vetlt.743.3616.2

Heredia R, Margalida A (2022) Kriterien zur Altersbestimmung des Bartgeiers
(Gypaetus barbatus barbatus) nach Gefiedermekrmalen. https://www.bartgeier.ch/sites/
default/files/dokumente/weitere%20PDF/Altersbestimmung.pdf. Accessed on:
2022-11-01.

Hernandez M, Margalida A (2010) Hematology and blood chemistry reference values
and age related changes in wild Bearded Vultures (Gypaetus barbatus). Journal of
Wildlife Diseases 46: 390-400. https://doi.org/10.7589/0090-3558-46.2.390

Ivanov |, Stoynov E, Stoyanov G, Marin S, Bonchev L, Stoev |, Stanchev S, Peshev H,
Nikolova Z, Vangelova N, Andevski J, Grozdanov N (2022) Re-introduction of the
Cinereous Vulture Aegypius monachus in Balkan Mountains, Bulgaria, Biannual Report
2020-2021. Green Balkans, Stara Zagora & Fund for Wild Flora and Fauna,
Blagoevgrad https://doi.org/10.13140/RG.2.2.36661.76001

Kurtev M, Vatev |, Demerdzhiev D (2015) Egyptian Vulture. In: Golemanski V, et al.
(Ed.) Red Data Book of the Republic of Bulgaria. Vol. 2. Animals. BAS & MOEW, Sofia,
383 pp. [In Bulgarian]. URL: https://www.moew.government.bg/static/media/ups/tiny/
%D0%9D%D0%A1%D0%97 %D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%
D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%
D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%



https://www.researchgate.net/publication/271644844_Ageing_of_Eurasian_Black_Vulture_Aegypius_monachus_using_the_moult_En_Arenas_R_M_y_Dobado_P_M_coords_The_Black_Vulture_Status_Conservation_and_Studies_Diputacion_de_Cordoba_Cordoba
https://www.researchgate.net/publication/271644844_Ageing_of_Eurasian_Black_Vulture_Aegypius_monachus_using_the_moult_En_Arenas_R_M_y_Dobado_P_M_coords_The_Black_Vulture_Status_Conservation_and_Studies_Diputacion_de_Cordoba_Cordoba
https://www.researchgate.net/publication/271644844_Ageing_of_Eurasian_Black_Vulture_Aegypius_monachus_using_the_moult_En_Arenas_R_M_y_Dobado_P_M_coords_The_Black_Vulture_Status_Conservation_and_Studies_Diputacion_de_Cordoba_Cordoba
https://doi.org/10.1080/03079459608419166
https://doi.org/10.1080/03079459608419166
https://core.ac.uk/download/pdf/77938918.pdf
https://core.ac.uk/download/pdf/77938918.pdf
https://doi.org/10.2307/1369754
https://doi.org/10.1016/0300-9629(87)90049-1
https://doi.org/10.1016/0300-9629(87)90049-1
https://doi.org/10.1016/S1095-6433(98)10031-4
https://doi.org/10.1016/0300-9629(87)90139-3
https://doi.org/10.12834/VetIt.743.3616.2
https://www.bartgeier.ch/sites/default/files/dokumente/weitere%20PDF/Altersbestimmung.pdf
https://www.bartgeier.ch/sites/default/files/dokumente/weitere%20PDF/Altersbestimmung.pdf
https://doi.org/10.7589/0090-3558-46.2.390
https://doi.org/10.13140/RG.2.2.36661.76001
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf

Petrov R et al

B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%
80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf [I[SBN 978-954-9746-19-8].
Marin S, Rogev AB, Christov |, Sarov M (1998) New observations and nesting of the
black vulture (Aegypius monachus. L., 1766) in Bulgaria. In: Tewes E, Sanchez JJ,
Heredia B, Bijleveld vM (Eds) International Symposium on the black vulture in
southeastern Europe and adjacent regions. Dadia, Greece, 15—16 September 1993.
Marin S, Yankov P, Ilvanov |, Kurtev M (2015) Cinereous Vulture. In: Golemanski V, et al.
(Ed.) Red Data Book of the Republic of Bulgaria. Vol. 2. Animals. BAS & MOEW, Sofia,
383 pp. [In Bulgarian]. URL: https://www.moew.government.bg/static/media/ups/tiny/
%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%
B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%
D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF %D 1%83%D0%B1%D0%BB%
D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%
B0%D1%80%D0%B8%D1%8F/RDB%20-%20V0OL2%20-%20BG.pdf

[ISBN 978-954-9746-19-8].

Michev T, Pomakov VA, Stefanov VS, Yankov PN (1980) Griffon vulture (Gyps fulvus
Hablizl, 1783) colony in the Eastern Rhodopes. Ecology 6: 74-79. [In Bulgarian].
Nikolova G (2010) Bulgarian contribution for saving the wildlife biodiversity — legislative
basis and organizational structures. 17th Scientific Conference with International
Participation “Animal Protection and Welfare”, Brno, Czech Republic. [ISBN
978-80-7305-114-3, 178-183].

Petrak ML (1982) Diseases of cage and aviary Birds. Lea and Febiger, Philadelphia.
[ISBN 9780812106923]

Polo FJ, Celdran JF, Peinado VI, Viscor G, Palomeque J (1992) Hematological values
for four species of birds of prey. The Condor 94 (4): 1007-1013. https://doi.org/
10.2307/1369300

Seok SH, Jeong DH, Park SJ, Lee SY, Lee HC, Yeon SC (2017) Hematologic and
plasma biochemical values of Cinereous Vulture (Aegypius Monachus). Journal of Zoo
and Wildlife Medicine 48 (2): 514-517. https://doi.org/10.1638/2016-0098R 1.1

Stoynov E, Kmetova-Biro E, Stoyanov G, Peshev H, Ivanov |, Stoev |, Bonchev L,
Vangelova N, Nikolova Z, lankov L, Parvanov D, Grozdanov A (2018) Population Boost
of the Griffon Vulture Gyps fulvus (Hablizl, 1783) (Accipitridae) in Bulgaria Basedon
Reintroductions. Acta Zoologica Bulgarica Suppl. 12: 59-65.

Villegas A, Sanchez JM, Costillo E, Corbacho C (2002) Blood chemistry and
haematocrit of the black vulture (Aegypius monachus). Comparative Biochemistry and
Physiology Part A 132: 489-497. https://doi.org/10.1016/S1095-6433(02)00097-1
Yankov P, Marin S, Kurtev M, Hristov H, Ivanov | (2015) Griffon Vulture. In: Golemanski
V, et al. (Ed.) Red Data Book of the Republic of Bulgaria. Vol. 2. Animals. BAS &
MOEW, Sofia, 383 pp. [In Bulgarian]. URL: https://www.moew.government.bg/static/
media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%
D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%
D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%
B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%
B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf

[ISBN 978-954-9746-19-8].



https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://doi.org/10.2307/1369300
https://doi.org/10.2307/1369300
https://doi.org/10.1638/2016-0098R1.1
https://doi.org/10.1016/S1095-6433(02)00097-1
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf
https://www.moew.government.bg/static/media/ups/tiny/%D0%9D%D0%A1%D0%97%D0%9F/%D0%A7%D0%B5%D1%80%D0%B2%D0%B5%D0%BD%D0%B0%20%D0%BA%D0%BD%D0%B8%D0%B3%D0%B0%20%D0%BD%D0%B0%20%D0%A0%D0%B5%D0%BF%D1%83%D0%B1%D0%BB%D0%B8%D0%BA%D0%B0%20%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F/RDB%20-%20VOL2%20-%20BG.pdf

	Abstract
	Keywords
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References

