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Reference values for hematological and biochemical parameters of wild birds are important for veterinarians dealing with cap?ve 
and rehabilita?ng birds. These reference values can be useful in determining the health or general condi?on of birds (Nazifi et al. 
2008). Data on hematological and biochemical values for the Black-chested Buzzard-Eagle Geranoaetus melanoleucus are not 
currently available despite the species ranging throughout South America (Couve & Vidal 2000).

In January 2015, blood samples were collected from 30 cap?ve Black-chested Buzzard-Eagles (22 adults and 8 juveniles; 22 fe-
males and 8 males), from the Rehabilita?on Center for Raptors of the Union of Ornithologists of Chile, city of Talagante 
(33°40’00’’S, 70°56’00’’W).  Samples were collected immediately prior to release, or in birds intended for permanent cap?vity, 
when the birds were considered to be in normal and healthy condi?on. A veterinarian physically evaluated all birds included in 
this study and considered all to be clinically healthy. Age and sex of each bird were determined by plumage (Mardnez & González 
2005). In this study, condi?ons such as housing, diet, and veterinary management were the same for all individuals sampled.
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Abstract · 30 cap?ve Black-chested Buzzard-Eagles Geranoaetus melanoleucus from the Raptors Rehabilita?on Center of the Union of 
Ornithologists of Chile were used to determine blood reference values. Packed cell volume (PCV), total protein plasma (TPP), and total and 
differen?al leukocyte counts were measured. Gamma-glutamyl transpep?dase (GGT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP), 
crea?ne kinase (CK), crea?nine (CRE), calcium (Ca), inorganic phosphorus (P) and uric acid (UA) were analyzed. No significant differences were 
found between sexes (P> 0.05). No blood parasites were found. The results obtained from this study establish a baseline for hematological and 
serum biochemistry parameters for the Black-chested Buzzard-Eagles.  

Resumen · Valores de referencia para parámetros hematológicos y bioquímicos de águilas moras Geranoaetus melanoleucus en cauQverio.

En este estudio, 30 águilas mora Geranoaetus melanoleucus, mantenidas en cau?verio en el Centro de Rehabilitación de Rapaces de la Unión 
de Ornitólogos de Chile, fueron u?lizadas para la determinación de valores de referencia. Se midieron el volumen de células plasmá?cas (PCV), 
la proteína plasmá?ca total (TPP) y recuentos totales y diferenciales de leucocitos. Los niveles de Gamma-glutamil transpep?dasa (GGT), lactato 
deshidrogenasa (LDH), fosfatasa alcalina (FA), crea?na quinasa (CK), crea?nina (CRE), calcio (Ca), fósforo inorgánico (P) y ácido úrico (AU) 
fueron analizados. No se encontraron diferencias significa?vas entre sexos (P> 0.05). No se encontraron parásitos sanguíneos. Los resultados 
obtenidos de este estudio establecen una línea base para los parámetros hematológicos y bioquímicos del suero del Águila mora.
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We collected 2 ml from the metatarsal vein using sterile 
syringes with 21-gauge needles and transferred them to Vacu-
tainer® tubes with ethylenediaminetetraace?c acid (EDTA) as 
an?coagulant and Vacutainer® tubes without an?coagulant 
for haematology and biochemistry analyses, respec?vely. 
Blood samples were processed in the Clinical Laboratory of 
the School of Veterinary Sciences at the Universidad de Con-
cepción. Haematological and biochemical analyses were per-
formed within 12 hours of sample collec?on. 

Packed cell volume (PCV; %) was measured from the mi-
crohematocrit tubes; these microhematocrit tubes were filled 
with the blood from EDTA tube a�er centrifuging for 4 min at 
14,490 g in a microhematocrit centrifuge (Campbell & Coles 
1986; Digital microcentrifuge, KHT 410E. Taipei, Taiwan, Re-
public of China). Total plasma protein (TPP; g/L) was deter-
mined by Goldberg’s refractometer. White blood cell count 
(WBC; x10⁹/L) was determined by Neubauer chamber, using a 
modified version of the solu?on described by Rees and Ecker 
as a solvent (Lucas & Jamroz 1961).

Blood smears were stained with Diff-Quick®. Differen?al 
white blood cell counts were performed by coun?ng 200 
leukocytes using oil immersion microscopy at 1,000X magnifi-
ca?on (Merino et al. 1997). Blood smears were examined for 
blood parasites using oil immersion microscopy at 1,000x 
magnifica?on.

Serum and cells were separated by centrifuging at 2,500 g 
for 10 min (Centrifuge DSC 200A-2 Already Enterprise Inc. 

Taipei, Taiwan, Republic of China), and the obtained serum 
was processed for blood chemistry determina?ons. Gamma-
glutamyl transpep?dase (GGT; U/L), lactate dehydrogenase 
(LDH; U/L), alkaline phosphatase (ALP; U/L), crea?ne kinase 
(CK; U/L), crea?nine (CRE; µmol/L), calcium (Ca; mmol/L), inor-
ganic phosphorus (P; mmol/L) and uric acid (UA; μmol/L) were 
determined using a commercial test (DiaSys Diagnos?c Sys-
tems GmbH, Alte Strasse 9, Holzheim, Germany). The LDH and 
CK were read at 340 nm, GGT and ALP at 405 nm, CRE at 546 
nm, Ca at 570 nm, and UA at 520 nm in a Spectrophotometer 
(Wiener lab, MetroLAB 2300 Plus UV-Vis Metrolab S.A., 
Buenos Aires, Argen?na). We tested normality with the Ander-
son-Darling test (RefValAdv, Na?onal Veterinary School, Tou-
louse, France). Some variables were not normally distributed, 
and data were transformed to approximate a normal distribu-
?on using the Box-Cox transforma?on (Gotelli and Ellison 
2004). We determined reference intervals and 90% confidence 
intervals of the limits using the Freeware Reference Values 
Advisor (RefValAdv, Na?onal Veterinary School, Toulouse, 
France) macroinstruc?ons for Excel®. All sta?s?cal findings 
were considered significant at P≤0.05. Data are expressed as 
mean ± standard devia?on (SD) and reference intervals. Be-
cause no informa?on is available on the parameters for hema-
tological and biochemical data of Black-chested Buzzard-Ea-
gles, the values were compared with those of other raptors. 

Hematological and biochemistry data are presented in ta-
bles 1- 4. Significant sta?s?cal differences between adults and 

Table 1. Hematological parameters of rehabilitated adult and juvenile Black-chested Buzzard-Eagles Geranoaetus melanoleucus housed in the Rehabilita?on 

Center.

MIN, minimum; MAX, maximum; RI, reference interval; L, lower; REF LIM, reference limits; U, upper; CI, confidence interval; DIST, distribu?on; ND, not 
determined; S, standard, R, robust; WBC, white blood cell count; PCV, packed cell volume; TPP, total plasma protein.



BLOOD CHEMISTRY OF GERANOAETUS MELANOLEUCUS

26

Table 2. Biochemical parameters of rehabilitated juvenile and adult Black-chested Buzzard-Eagles Geranoaetus melanoleucus.

MIN, minimum; MAX, maximum; RI, reference interval; L, lower; REF LIM, reference limits; U, upper; CI, confidence interval; DIST, distribu?on; ND, not 
determined; S, standard, R: robust; Ca, calcium; P, inorganic phosphorus; UA, uric acid; CK, crea?ne kinase, CRE, crea?nine; LDH, lactate dehydrogenase; GGT, 
gamma-glutamyl transpep?dase; ALP, alkaline phosphatase.

Table 3. Hematological parameters of rehabilitated Black-chested Buzzard-Eagle Geranoaetus melanoleucus, comparing sex.

MIN, minimum; MAX, maximum; RI, reference interval; L, lower; REF LIM, reference limits; U, upper; CI, confidence interval; DIST., distribu?on; ND, not 
determined; S, standard, R, robust; WBC, white blood cell count; PCV, packed cell volume; TPP, total plasma proteins.
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juveniles (P < 0.05) were found in Ca, P, WBC, and heterophils 
values, with higher values in juveniles. Significant differences 
were also found in CK and eosinophil values between males 
and females (P < 0.05) (Tables 3 and 4). We did not find blood 
parasites in blood smears. 

The mean PCV and TPP values were similar to those ob-
tained by Black et al. 2011 in Bald Eagles Haliaetus leuco-
cephalus. Our study reported a wide range in WBCs, being 
heterophils the most numerous leukocytes, followed by lym-
phocytes, monocytes, eosinophils, and basophils, as also 
found in Bald Eagles (Mealey et al. 2004). These results for 
WBC were lower than those reported in Spanish Imperial Ea-
gles Aquila adalberE (García-Mon?jano et al. 2002), Golden 
Eagles Aquila chrysaetos (Nazifi et al. 2008), and Harpy Eagle 
Harpia harpyja (Oliveira et al. 2014).

The serum totals for Ca and P concentra?on were similar 
to those of other adults Accipitridae, such as Spanish Imperial 
Eagles and Golden Eagles (García-Mon?jano et al. 2002, Nazifi 
et al. 2008). Values of LDH and CRE were similar to those ob-
tained in Golden Eagles (Nazifi et al. 2008). While the mean 
values determined for CK were higher than those of the Gold-
en Eagle, the Booted Eagle Hieraaetus pennatus, and the 
Spanish Imperial Eagle (Casado et al. 2002, García-Mon?jano 
et al. 2002, Nazifi et al. 2008). The results obtained for ALP 
were within the range of normal ac?vity, but with a very wide 

range of varia?on compared to Booted Eagles and Golden Ea-
gles (Casado et al. 2002, Nazifi et al. 2008).

Samples of blood collected from these cap?ve Black-chest-
ed Buzzard-Eagles, before release, can be used as normal 
hematologic parameters and serum chemistry; however, fu-
ture research should be directed toward samples from wild 
popula?ons.
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Table 4. Biochemical parameters of rehabilitated Black-chested Buzzard-Eagle Geranoaetus melanoleucus, comparing sex.

MIN, minimum; MAX, maximum; RI, reference interval; L, lower; REF LIM, reference limits; U, upper; CI, confidence interval; DIST, distribu?on; ND, not 
determined; S, standard, R: robust; Ca, calcium; P, inorganic phosphorus; UA, uric acid; CK, crea?ne kinase, CRE, crea?nine; LDH, lactate dehydrogenase; GGT, 
gamma-glutamyl transpep?dase; ALP, alkaline phosphatase.
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