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Abstract The study of haematocrit and biochemical pa-
rameters is considered a useful tool for diagnosis of health
status in birds. However, an adequate interpretation re-
quires reference values for each species. Moreover, fac-
tors such as age and sex should also be taken into ac-
count, as it is well known that they can also influence
several parameters. For these reasons, serum biochemical
parameters (albumin, calcium, phosphorus, aspartate
aminotransferase, alkaline phosphatase, cholesterol,
triglycerides, creatine kinase, γ-glutamyltransferase,
glucose, lactate dehydrogenase, total proteins and uric
acid) were studied in 15 adults (6 males and 9 females)
and 258 chicks of free-living Eurasian eagle owl (Bubo
bubo), one of the owls with the largest distribution range

worldwide. Most blood clinical parameters were higher in
nestlings than in adults, but only significantly for alkaline
phosphatase, phosphorus and uric acid. On the contrary,
γ-glutamyltransferase was significantly lower in nes-
tlings. In adults, sex differences were not significant.
Haematocrit was studied in 13 adults (2 males and 11
females) and 162 nestlings, and levels were significantly
higher in adults than in nestlings. Because samples were
obtained from healthy free-living individuals and the
values fall within the range of levels considered physio-
logical for similar species, we suggest that can be used as
reference values for Eurasian eagle owls.
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Introduction

The study of biochemical parameters is considered a useful
tool to evaluate the general health and the effects of a
specific therapy. For example, increased activities of aspar-
tate aminotransferase and γ-glutamyltransferase are, in
general, indicative of liver damage, while uric acid is mea-
sured to monitor renal disease. In the case of birds, where
clinical signs of illness are frequently subtle, the analysis
of these parameters can be more necessary and especially
impor tant to evalua te changes a t ce l lu lar leve l
(Hochleithner 1994). An adequate interpretation of results
demands for the availability of reference values for each
species and, ideally, each physiological status, since these
factors, as well as age, sex, circadian rhythms or diet, may
influence several of these parameters (Joseph 1999;
Villegas et al. 2002; van Wyk et al. 1998). For these rea-
sons, interpretation of blood biochemistry requires a large
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database for comparison (Wolf et al. 1985). Nevertheless,
the majority of parameters should fall within certain limits
which have been considered characteristic for each species
(de le Court et al. 1995) or at least, for a group of related
species (Bairlein 1996; Ferrer et al. 1987). In spite of the
growing interest in knowing the normal values and range
of variation of blood biochemical parameters in wild birds
(Villegas et al. 2002), this type of information is still scant,
and results are usually obtained by a diversity of tech-
niques, which makes the comparison among studies even
more difficult (Ammersbach et al. 2015; Gómez-Ramírez
et al. 2011; Harr 2006; Hochleithner 1994; Martínez-López
et al. 2004). In addition, samples are usually taken from
animals held in captivity, and the studies concerning wild
animals, especially raptors, are still anecdotic (Casado
et al. 2002; Johnson et al. 2009; Sonne et al. 2012; van
Wyk et al. 1998; Villegas et al. 2002). The information
regarding the condition and health of animals as individ-
uals can be greatly useful both in rehabilitation centres and
for reintroduction projects and is considered an important
tool for the conservation of species (Olsson 2006; Schaub
et al. 2004). For these reasons, the study of blood param-
eters using samples from free-range animals of different
species is of interest.

The Eurasian eagle owl (Bubo bubo) is the biggest noc-
turnal raptor in Spain, where it is sedentary and highly ter-
ritorial during the whole year, occupying territories whose
size and foraging area depend on the prey availability.
Around the world, this species has one of the largest ranges
of any eagle owl (Warhol, 2007), being found across much
of Europe, through the Middle East, Russia and Asia, and as
far as East China, Korea and Japan (del Hoyo et al. 1999;
Weick 2006). Although generally absent in Britain and
Ireland (Weick 2006), small numbers are now beginning
to breed in Britain (Melling et al. 2008). On the contrary,
the Eurasian eagle owl population in the region of Murcia
and Alicante is abundant and estimated to be approximately
470–530 pairs (Martínez and Calvo 2006; Pérez-García and
Sánchez-Zapata 2015) and shows the highest breeding den-
sity described within all its distribution range (Pérez-García
et al. 2011). Besides, productivity of this population is much
higher than in other populations studied in the whole
Palearctic (Marchesi et al. 2002).

Due to the relative abundance of this species worldwide,
the availability of a database on serum metabolites, enzyme
activities and inorganic ions of free-living nestlings and adults
Eurasian eagle owls can be of interest for the conservation of
this species, being useful in rehabilitation centres and reintro-
duction programs. Hence, the main aim of our study was to
increase this database, using the greatest number of samples
collected from wild nestlings and adults of both sexes. The
influence of factors such as age and sex on these parameters
was also evaluated.

Material and methods

Blood sampling

Blood samples were obtained between 2003 and 2012 from
nestlings and adults Eurasian eagle owls from the mountains
Escalona, Altaona, Monte el Valle, Columbares, La Muela-
Cabo Tiñoso and Almenara (37°45′ N, 0°57′W), in the south
of the province of Alicante and the east of Murcia Region, in
South-eastern Spain (Fig. 1).

Reproductive activity was rigorously monitored from
December until fledging, to determine the precise age of the
nestlings and get blood samples when chicks were 28–30 days
old. Adults were trapped in their territories using two methods
described by Penteriani et al (2010): (a) simulating a territorial
intrusion with a combination of a stuffed mount of a Eurasian
eagle owl and a net for males and (b) using a bownet placed in
the nest when nestlings were 20–35 days old (i.e. when they
were already able to thermoregulate) for females. These adult
individuals were aged and sexed according to their moult pat-
tern (Martínez et al. 2002) or thedate thatwere ringedas chicks.

To avoid stress in the animals, careful steps were taken, like
covering the head of the individuals during manipulation.
Blood samples were obtained by the veterinarian of the
Wildlife Rehabilitation Centre ‘Santa Faz’ (Alicante, Spain),
who evaluated clinically the health status of the owls prior to
sampling. This clinical exploration includes the evaluation of
general body conformation, posture, attitude, stimulus re-
sponse and character of respiration. Also, it includes explora-
tion of the feathers, skin, beak, eyes, ears, cere, nares, oral
cavity, bones, muscles (particularly breast muscle), wings,
faeces, abdomen and vent. Between 3 and 5 mL of blood were
taken by puncturing the brachial vein with a 23G needle and a
syringe. Samples were placed in tubes without anticoagulant
and immediately taken to the laboratory under refrigerated
conditions where they were centrifuged at 5000 g for 5 min.
Serum samples were transferred to Eppendorf® tubes and kept
frozen between −40 and −80 °C until analysis.

Albumin, calcium,phosphorus (P), aspartate aminotransfer-
ase (AST), alkaline phosphatase (ALP), cholesterol, triglycer-
ides (TGL), creatine kinase (CK), γ-glutamyltransferase (γ-
GT), glucose, lactate dehydrogenase (LDH), total proteins
(TP) and uric acid were analysed in 273 serum samples (15
adults—6males and9 females—and258chicks, obtained from
2003–2010) using an automated spectrophotometric analyser
(A25, Atom®). Techniques used to determine each parameter
are shown in supplementary information (SI; Table SI1). Every
40 samples, control samples provided by the kit manufacturer
were analysed to check that the results werewithin the certified
range.Haematocritwasdetermined in13adults (2males and11
females) and 162 chicks (sampled from2009–2012) centrifug-
ing microcapillaries at 2200 g for 5 min and using a
microhaematocrit reader.
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A greater number of samples were obtained. However,
haemolytic samples were ruled out in order to avoid in-
terferences in certain parameters such as ALP, LDH, AST,
calcium, albumin or CK. Similarly, because some contam-
inants such as metals and organochlorine insecticides can
alter biochemical parameters (Dieter and Wiemeyer 1978;
Mateo et al. 2003), samples from animals suspicious to be
exposed to pollutants were not included. The selection
was based on the fact that most samples had been
analysed for organochlorine pesticides (α-HCH, β-HCH,
δ-HCH, γ-HCH, aldrin, dieldrin, endrin, endosulfan I, en-
dosulfan II, p,p’-DDT, p,p’-DDD, p,p’-DDE, heptachlor
and heptachlor epoxide; Gómez-Ramírez 2011) and
metals (lead, cadmium, zinc, copper and mercury; Espín
et al. 2014a, b; Gómez-Ramírez et al. 2011). Although the
levels of these contaminants were considered too low to
cause acute health effects, samples with total organochlo-
rine pesticides levels >5 μg/mL and/or with lead levels
>5 μg/dL were ruled out. This limit was chosen because
no significant correlation between organochlorine pesti-
cides and/or metals and the blood parameters studied
was found under these levels (Gómez-Ramírez et al. in
prep). Similarly, the limit of 3 μg/dL of mercury was
chosen according to the effects on oxidative stress found
by Espín et al. (2014a) in this population.

Statistical analyses

Statistical analyses were performed using SPSS v15.0 statis-
tical software (SPSS Inc., 1989–1999). Reported biochemical
parameters represent the median, mean ± standard deviation
and range. Repeated measures ANOVA and paired t test were
used in order to test differences between siblings of the same
nest. Since no significant differences were found, the average
value of each nest was used as unit to compare the parameters
between adults and nestlings. Normality was checked using
Shapiro-Wilk test. Sex and age-related differences in bio-
chemical parameters and age-related differences in
haematocrit were checked using Mann-Whitney test as bio-
chemical parameters were not normally distributed. The level
of significance was set at α = 0.01. To estimate the magnitude
of biologically relevant differences independently of sample
size (Nakagawa and Cuthill 2007), effect size was calculated
in those variables that were significantly different between
nestlings and adults, according to Rosenthal (1991).

Results

To our knowledge, this is the first report of serum biochemical
parameters and haematocrit for free-living Eurasian eagle

Fig. 1 Location of the study area
(province of Alicante and Murcia
Region) in Southeastern Spain.
Black stars indicate sampled nests
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owls, both nestlings and adults. Results are shown in Tables 1
and 2. Values found in other birds of prey to be compared with
our samples are shown in SI (Tables SI2 and SI3). Sex-related
differences in biochemical parameters were studied among
adults (Table 1), but no significant differences were found.
Haematocrit was not included in this analysis because it could
only be determined in two males.

Most biochemical parameters were higher in nestlings
than in adults (Table 2), although, according to Mann-
Witney test, the difference was only significant for ALP
(median 550.60 vs 19.62 U/L; p < 0.01, large size effect:
r = −0.62), P (median 7.24 vs 2.01 mg/dL; p < 0.01, large
size effect: r = −0.58) and uric acid (median 12.39 vs
7.22 mg/dL; p < 0.01, medium size effect: r = −0.37). On
the contrary, haematocrit and γ-GT values were signifi-
cantly lower (p < 0.01) in nestlings than in adults (median
haematocrit 28.7 vs 43.67 %, large size effect: r = −0.56;
median γ-GT 0.44 vs 3.51 U/L, large size effect:
r = −0.51).

Discussion

The correct interpretation of haematological values requires
the availability of well-established normal reference values.
Unfortunately, many species have poorly defined ‘normal’
ranges, and information regarding physiological or clinical
status is lacking for many studies in birds of prey. In addition,
published reference ranges may have been obtained by differ-
ent methods, and therefore, may not be directly comparable
(Monks and Forbes 2007).

As shown in Table SI2, only four studies concerning bio-
chemical parameters in captive adult Eurasian eagle owls were
found (Ammersbach et al. 2015; Ferrer et al. 1987; García-
Rodríguez et al. 1987; Jennings 1996). For this reason, the
values from our adults were also compared with data from
other captive owl species like Great horned owl (Bubo
virginianus), Tawny owl (Strix aluco), Eastern screech owl
(Megascops asio) or Barn owl (Tyto alba) (Altman et al.
1997; Ferrer et al. 1987; Franson et al. 1985; Spagnolo et al.

Table 1 Median, mean ± SD
(range) of biochemical parameters
in males and females of adult
Eurasian eagle owls in this study

Males Females

Haematocrit (%) 46.50; 50 n = 2 42.00; 42.67 ± 4.02

(34.00–50.00) n = 11

Albumin (g/L) 16.68; 16.78 ± 2.29 17.43; 16.08 ± 4.42

(13.82–20.44) n = 6 (6.31–20.56) n = 9

Alkaline Phosphatase (U/L) 19.62; 20.60 ± 6.39 19.62; 20.70 ± 5.35

(14.72–29.43) n = 5 (11.07–29.68) n = 9

Aspartate aminotransferase (U/L) 217.41; 192.27 ± 98.88 169.68; 199.79 ± 101.42

(28.28–285.16) n = 6 (50.74–362.94) n = 9

Calcium (mg/dL) 10.91; 10.99 ± 1.91 8.92; 8.65 ± 0.93

(8.83–13.70) n = 6 (7.11–10.25) n = 9

Cholesterol (mg/dL) 193.73; 191.27 ± 36.43 185.73; 189.57 ± 26.53

(148.83–233.70) n = 6 (136.53–223.00) n = 9

Creatine kinase (U/L) 1440.12; 1376.11 ± 823.55 1052.08; 1028.45 ± 551.01

(322.03–2302.19) n = 4 (466.00–1567.26) n = 3

γ-glutamyltransferase (U/L) 2.23; 2.38 ± 1.37 0.98; 1.02 ± 0.6

(0.79–4.02) n = 5 (0.44–1.64) n = 3

Glucose (mg/dL) 403.54; 406.74 ± 88.43 415.01; 395.81 ± 67.69

(252.37–497.05) n = 6 (265.18–466.31) n = 9

Lactate dehydrogenase (U/L) 836.62; 1111.94 ± 426.00 790.19; 753.68 ± 297.25

(792.38–1726.53) n = 5 (410–1201.68) n = 5

Phosphorus (mg/dL) 2.86; 3.46 ± 2.64 1.81; 2.09 ± 0.99

(1.31–8.61) n = 6 (0.73–3.91) n = 9

Total proteins (g/L) 35.28; 34.44 ± 5.43 32.9; 31.13 ± 11.59

(24.19–39.31) n = 6 (4.03–43.35) n = 9

Triglycerides (mg/dL) 90.37; 85.69 ± 21.52 108.18; 115.76 ± 40.65

(44.55–105.64) n = 6 (42.00–170.02) n = 9

Uric acid (mg/dL) 7.12; 8.15 ± 3.54 7.64; 9.02 ± 4.15

(3.59–12.68) n = 6 (4.00–16.86) n = 9
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2008; Table SI2). According to this, levels of biochemical pa-
rameters in our individuals were in the same range as in the
mentioned species, except for P, TGL and LDH. P blood levels
can be influenced by diet (Harr 2006). This could explain the
fact that P levels in our adults are lower than in the individuals
from the compared studies (García-Rodríguez et al. 1987;
Altman et al. 1997; Spagnolo et al. 2008), where animals were
held in captivity. Similarly, TGL levels were higher in the
Eurasian eagle owls studied by García-Rodríguez et al.
(1987). Increased TGL have been related to stressful condi-
tions, such as handling (Thaxton and Puvadolpirod 2000), al-
though more information about this parameter in owls would
be needed. Similarly to TGL, to our knowledge, LDH in adult
Screech and Barn owls was only analysed by Franson et al.
(1985). LDH levels were lower, even half than in adults of our
study. Although serum LDH can be a biomarker for liver dis-
ease in birds, the wide reference interval of this enzyme in
healthy birds makes it less sensitive than other enzymes (i.e.
ALT and AST) for this purpose (Campbell 1987).

Somestudieshavefounddifferencesbetweenmaleandfemale
adult birds. For example, pre-egg laying and laying mallards did
show significant differences in several serum parameters com-
pared to males (Fairbrother et al., 1990). In fact, within each sex,
values from all the parameters differed among reproductive con-
ditions, although the pattern of changewas not the same for both
sexes. Although not statistically significantly, calcium levels in
maleswerehigher than in females inour study.Our sampleswere
taken during breeding season, after hatching of nestlings.
Oestrogen induces dramatic increases in blood total calciumcon-
centration in reproductive, oviparous females (Simkiss, 1967).
These higher levels of calcium may come from the medullary
bone, which means a freely available storage depot of calcium
in female birds (Johnston and Ivey, 2002). After egg laying, cal-
cium frommedullary bone should be replaced. This could be the
reason for a decrease in serum calcium levels, and thus, for the
difference between genders found in our study. Further studies
with greater number of samples may be able to find significant
differences in biochemical parameters between sexes.

Table 2 Median, mean ± SD
(range) of biochemical parameters
and haematocrit in plasma of
adults and nestlings of Eurasian
eagle owl from Southeastern
Spain. Asterisks indicate
significant differences (p < 0.01)
between adults and nestlings,
which were calculated using the
average of each nest

Adults Nestlings

Haematocrit (%) 44.41; 43.53 ± 4.29* 29.00; 29.71 ± 5.84

(34–50) n = 13 (14–49) n = 162

Albumin (g/L) 17.43; 16.36 ± 3.63 16.53; 16.35 ± 2.33

(6.31–20.56) n = 15 (3.61–21.94) n = 254

Alkaline Phosphatase (U/L) 19.62; 20.66 ± 5.5* 527.30; 549.95 ± 165.32

(11.07–29.68) n = 14 (18–1162.51) n = 242

Aspartate aminotransferase (U/L) 201.50; 196.78 ± 96.87 179.11; 195.65 ± 76.88

(28.28–362.94) n = 15 (15.32–471.35) n = 257

Calcium (mg/dL) 9.03; 9.59 ± 1.79 10.34; 10.28 ± 1.95

(7.11–13.70) n = 15 (4.76–20.89) n = 256

Cholesterol (mg/dL) 185.73; 190.25 ± 29.61 205.41; 208.13 ± 35.50

(136.53–233.70) n = 15 (114.39–313.65) n = 256

Creatine kinase (U/L) 1270.10; 1227.11 ± 689.10 460.04; 1029.45 ± 1046.23

(322.03–2302.19) n = 7 (10–3438.28) n = 208

γ-glutamyltransferase (U/L) 1.50; 1.87 ± 1.29* 3.73; 4.4 ± 5.34

(0.44–4.02) n = 8 (0.11–68) n = 210

Glucose (mg/dL) 411.22; 400.18 ± 73.77 438.13; 437.21 ± 47.22

(252.37–497.05) n = 15 (183.19–552.14) n = 255

Lactate dehydrogenase (U/L) 801.43; 932.81 ± 394.44 815.5; 845.32 ± 321.34

(410.00–1726.53) n = 10 (141.78–1967.87) n = 229

Phosphorus (mg/dL) 2.01; 2.63 ± 1.88* 7.13; 7.29 ± 1.37

(0.73–8.61) n = 15 (5.07–14.58) n = 255

Total proteins (g/L) 34.27; 32.46 ± 9.49 32.26; 31.62 ± 4.60

(4.03–43.35) n = 15 (6.14–41.33) n = 258

Triglycerides (mg/dL) 98.00; 103.74 ± 36.63 124.09; 127.19 ± 44. 09

(42.00–170.02) n = 15 (25.45–285.09) n = 256

Uric acid (mg/dL) 7.22; 8.67 ± 3.81* 12.29; 12.84 ± 4.73

(3.59–16.86) n = 15 (1.05–30.31) n = 256
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Unfortunately, biochemical parameters have not been
previously studied in nestling owls. Hence, our data were
compared with nestling Northern goshawks (Accipiter
gentilis), Golden eagles (Aquila chrysaetos) and White-
tailed eagles (Haliaeetus albicilla) (Sonne et al. 2012),
Ospreys (Pandion haliaetus) (Muriel et al. 2013), Booted
eagles (Casado et al., 2002), Bald eagle (Haliaetus
leucocephalus) (Mealey et al. 2004) and Spanish imperial
eagles (Aquila adalberti) (Ferrer and Dobado-Berrios
1998; Hoefle et al. 2000). Most biochemical parameters
in our nestlings were in the same range as in the mentioned
studies (Table SI3).

As mentioned above, age is an important factor that can
influence some biochemical parameters, and several authors
have found significantly higher values in young birds than in
adults (Fairbrother et al. 1990; Viñuela et al. 1991; Puerta et al.
1992; Polo et al. 1994; de le Court et al. 1995; Stout et al.
2010). For example, activity of ALP (an enzyme induced by
increased cellular activity) is higher in growing individuals,
since this enzyme is synthesised by osteoblasts (Dobado-
Berrios and Ferrrer 1997). In fact, as shown in Table 2, ALP
activity can be 10 to 100 times higher in nestlings than in
adults. In this sense, when the activity of this enzyme in nes-
tlings of Spanish imperial eagle was compared with the activ-
ity in adults, ALP was found to be significantly higher in the
nestlings (1295 ± 47 vs 64 ± 28 U/L) (Dobado-Berrios and
Ferrrer 1997). Hence, although elevations of ALP have been
related to liver disease, enteritis or hyperthyroidism-induced
stimulation of osteoplastic activity (Hochleithner 1994), the
activity in our nestlings seems to be physiological as it is also
similar, or even lower, to the activity in other nestlings of
different species of birds of prey (Sonne et al. 2012). P levels
are also usually decreasing with age as it is involved in bone
and muscle development (Clubb et al. 1991a, b, c; Wolf et al.
1985) and were also higher in Spanish imperial eagle nestlings
than in adults (6.7 ± 0.3 vs 3.2 ± 0.3 mg/dL) studied by
Dobado-Berrios and Ferrrer (1997) and in Red kites (Milvus
migrans) (nestlings 9.41 ± 3.46 mg/dL; adults 1.92 ± 0.77 mg/
dL) and Black kites (Milvus milvus) (nestlings 8.52 ± 3.78mg/
dL; adults 3.5 ± 2.21 mg/dL) studied by Viñuela et al. (1991).
Another consequence of growing status is an increase in pro-
tein synthesis, which causes an increase in uric acid
(Hochleithner 1994). However, these higher levels in uric acid
can also be related to the larger daily protein intake of chicks
(Griminger and Scanes 1986), since uric acid is the main ni-
trogen waste in birds (e.g. Singer 2003). γ-GT is a peptidase
enzyme that is considered a biomarker of liver disease in
mammals, but its role in birds is still under discussion.
Nevertheless, compared to other studies in birds of prey, levels
are usually lower in nestlings (see tables SI2 and SI3), which
coincides with our results. On the other hand, the small effect
size in this parameter (r = −0.07) suggests that a greater num-
ber of adults would be needed to corroborate this finding.

Haematocrit, or packed cell volume, is a measure of the
relative volume of red blood cells compared with total blood
volume (Harrison and Harrison 1986). Although this value
has frequently been used as an indicator of condition in wild
birds, several studies have shown that changes in haematocrit
could be caused by a number of different natural factors that
include age, sex, geographical elevation, energy expenditure,
parasitism, nutrition and genetics (Fair et al. 2007).
Haematocrits are usually lower in young individuals than in
adults in several animal taxa, including birds of prey (Lanzarot
et al. 2001; Provencher Bolliger et al. 2010; Villegas et al.
2002). This could be due to the higher oxygen affinity of
foetal haemoglobin, which decreases during development,
both in mammals and birds (Bartels et al. 1966).
Nevertheless, haematocrit values, both in adults and chicks,
were in the same range as in other birds of prey, including
owls (Jennings 1996; Ferrer et al. 1987; Fourie and Hattingh
1983; Hawkey and Samour 1988; Spagnolo et al. 2008); thus,
we can consider our values as reference for the Eurasian eagle
owl.

Admission of Eurasian eagle owls in rehabilitation centres
can be quite frequent especially in areas where this species is
abundant, like in Southeastern Spain (Generalitat Valenciana
2011). Electrocution in power lines followed by human per-
secution and collisions with car and fences is the main cause
for admission in these centres (Martínez et al. 2006; Molina-
López et al. 2011). To rehabilitate these owls, the knowledge
of normal concentrations of blood constituents is of para-
mount importance (Polo et al. 1992). Nevertheless, because
reference values for clinically normal free-living individuals
are scarce, the interpretation of haematological data relies on
values from captive specimens (Averbeck 1992). The difficul-
ty in collecting useful data from free-ranging individuals and
the fact that wild bird medicine is of little commercial interest
leads to a scarcity of reference values in these species. This
makes the diagnosis and the performance of routine laboratory
tests difficult, especially in wildlife rehabilitation centres
(Gelli et al. 2009). For these reasons, the study of biochemical
parameters in free-ranging animals, such as the present study,
is remarkable.

Conclusions

The results of this study provide new information for
haematocrit and biochemical parameters in Eurasian eagle
owls, taking into account factors such as age and sex.
Because samples were obtained from healthy free-living indi-
viduals and the values obtained fall within the range of levels
considered physiological for similar species, we can suggest
that these can be used as reference values for free-living
Eurasian eagle owls admitted in rehabilitation centres.
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