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Abstract Biochemical and blood cell parameters have
commonly been employed as useful minimally invasive
indicators of the health or nutritional status of many species. Here, we present data on a suite of commonly measured blood parameters from 342 White Stork Ciconia
ciconia chicks of molecularly known sex. Samples were
collected in western Poland during four breeding seasons
(2005–2008). We examine whether sex, and also season
(year), nesting locality, hatch date and brood size, contributed to variation in these blood parameters. There were
significant seasonal differences in levels of the heterophil/
lymphocyte ratio, red blood cell count, haematocrit, haemoglobin, mean corpuscular volume, mean corpuscular
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haemoglobin concentration, and particularly in white blood
cell count. Significant nesting locality effects were detected
in haemoglobin, mean corpuscular volume, mean corpuscular haemoglobin and mean corpuscular haemoglobin
concentration. Hatch date, virtually synonymous with
chick age, significantly negatively influenced (i.e. later
hatch dates (younger chicks when sampled) had lower
values of red blood cell count, haematocrit, haemoglobin
and mean corpuscular haemoglobin concentration. Male
chicks had significantly lower levels of red blood cell
count, haematocrit, haemoglobin and mean corpuscular
haemoglobin concentration. There was a significant sex/
hatch date interaction for red blood cell count, haematocrit
and haemoglobin. Brood size did not significantly affect
any of the analysed parameters. Our work shows that blood
parameters are influenced by many factors, including sex
and age of individuals, and such factors may need to be
taken into consideration when using blood parameters as
indicators of health. Such considerations are especially
critical in the establishment of reference ranges of blood
parameters which may be of use in captive rearing of this
endangered species.
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Geschlecht und andere Ursachender Variation hämatologischer Parameter bei Weißstorch-Nestlingen
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Biochemische und blutzellspezifische Parameter werden
häufig als hilfreiche minimalinvasive Indikatoren für
den Gesundheits- oder Ernährungsstatus bei vielen Arten
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untersucht. In der vorliegenden Arbeit stellen wir die Werte
von Standardblutparametern von 342 Nestlingen des Weißstorchs Ciconia ciconia vor, deren Geschlecht molekularbiologisch bestimmt wurde. Blutproben wurden von
Nestlingen in Westpolen während vier Brutzeiten (20052008) entnommen. Untersucht wurde, inwieweit Geschlecht, Brutzeit (Jahr), Neststandort, Schlupftermin und
Größe der Brut die Blutparameter beeinflussen. Es gab
signifikante saisonale Unterschiede in der Lymphozytenkonzentration, in der Anzahl roter Blutkörperchen, im
Hämatokrit- und Hämoglobinwert, im mittleren Blutzellvolumen, mittleren Blutzellhämoglobinwert und speziell in
der Anzahl weißer Blutkörperchen. Der Neststandort
beeinflusste den Hämoglobinwert, das mittlere Blutzellvolumen und den mittleren Blutzellhämoglobinwert. Das
Schlupfdatum, nahezu gleichzusetzen mit dem Nestlingsalter, hatte eine negativen Einfluss auf die Anzahl roter
Blutkörperchen, den Hämatokrit- und Hämoglobinwert und
den mittleren Blutzellhämoglobinwert, d. h. später geschlüpfte Nestlinge hatten kleinere Werte. Männliche
Nestlinge zeigten eine signifikant geringere Anzahl roter
Blutkörperchen, einen niedrigeren Hämatokrit- und
Hämoglobinwert und einen durchschnittlich kleineren
Blutzellhämoglobinwert. Eine signifikante Interaktion von
Geschlecht und Schlupfdatum ergab sich bei der Anzahl
roter Blutkörperchen und dem Hämatokrit- und Hämoglobinwert. Die Anzahl Nestlinge pro Brut beeinflusste keinen
der Parameter signifikant. Unsere Studie belegt, dass
Blutparameter von vielen Faktoren beeinflusst werden
(inklusive Geschlecht und Alter), die bei der Nutzung der
Parameter als Indikatoren des Gesundheitszustands berücksichtigt werden müssen. Dies ist besonders wichtig,
falls Referenzspannweiten von Blutparametern festgelegt
werden, was hilfreich bei der Aufzucht dieser bedrohten
Art in Menschenobhut sein kann.

Introduction
Biochemical and blood cell parameters have commonly
been employed as useful indicators of the health or nutritional status of many species, and therefore influence the
fitness of an organism, mainly via probability of survival
(Jenni-Eiermann and Jenni 1998). For example, the most
often used blood parameter, haematocrit, the percentage of
the total blood volume occupied by erythrocytes upon
centrifugation, has been used as an indicator of the health
of both captive and free-living individuals (Dawson and
Bortolotti 1997a, b; Moreno et al. 2002). There has been
discussion of the true utility of this parameter in the case of
birds (Dawson and Bortolotti 1997a; Bowerman et al.
2000). The haematocrit depends on the variation in plasma
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volume, the rate of erythrocyte production and destruction
(a process in which haemolytic diseases or blood parasites
may be involved), degree of hydration, toxins, and direct
blood loss as a result of injury or blood-sucking ectoparasites (Dawson and Bortolotti 1997a; Campo and Davila
2002; Moreno et al. 2002; Sanz et al. 2004; Boughton et al.
2006; Jakubas et al. 2008), and it may thus be used as an
index of the ‘health’ of the oxygen transport system.
Haematological values of healthy individuals can be used
to establish reference ranges which can subsequently be
used as diagnostic tools to determine the health of freeliving individuals or injured birds undergoing treatment in
veterinary clinics (Tryjanowski et al. 2006). However,
considerable within-population variation may exist in
haematological traits and may need to be incorporated to
provide useful reference values. Age has been identified as
a major factor that can influence blood parameters, and
others, such as sex or stage of the breeding cycle, may also
be important (Kostelecka-Myrcha 1985; Pastor et al.
2001a, b; Campo and Davila 2002; Gayathri et al. 2004;
Villegas et al. 2004; Baos et al. 2006b; Kasprzak et al.
2006; Jakubas et al. 2008). However, our knowledge of the
influence of sex and other factors on haematological
parameters, especially in chicks, is limited. It is also necessary to consider potential interactions between sex and
age, both within and among life-history stages. To date,
comparisons of haematology between adults and juveniles
have suggested that there are age effects, at least in some
haematological indices (Alonso et al. 1991). There is also
often considerable unexplained variation among individuals (Dawson and Bortolotti 1997a; Campo and Davila
2002; Blas et al. 2006), potentially linked to sex, but
whether this variation is indeed related to sex remains
largely unknown. On the other hand, as has been seen in
species with high sexual dimorphism (Kostelecka-Myrcha
1985; Bowerman et al. 2000; Gayathri et al. 2004; Villegas
et al. 2004; Gil et al. 2007), we predict that some blood
parameters of males and females will diverge with age due
to the differential effects of sex-specific hormones. For
instance, hormones may modulate aggressive behaviour
among chicks, and therefore access to food provided by
parents (Villegas et al. 2004; Tryjanowski et al. 2011).
In this paper, we will describe the range of haematological parameters and the factors that explain their variation within a population of wild White Stork Ciconia
ciconia chicks. Previous haematological studies on the
White Stork, both on free-living and captive birds, have
generally been limited by sample size (Puetra et al. 1989;
Alonso et al. 1991; Lashev et al. 2005) or, in a study with a
more robust sample size (Montesinos et al. 1997), the
authors did not investigate whether parameters differed
between male and female chicks. This is understandable
because, as a monomorphic species, female and male
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White Storks do not differ substantially in size and plumage, either during nestling development or as adults
(Cwiertnia et al. 2006). Therefore, it would be difficult to
detect clear sexual differences in haematological parameters, especially during the nestling stage. We recorded the
following commonly analysed parameters: number of red
blood cells (RBC), haematocrit (Ht), haemoglobin (Hb)
content, some haematological indices (mean corpuscular
volume, MCV; mean corpuscular haemoglobin, MCH;
mean corpuscular haemoglobin concentration, MCHC) and
number of white blood cells (WBC). We also prepared thin
blood smears and determined the relative numbers of
lymphocytes (L) and heterophils (H) (see ‘‘Methods’’), and
derived the H/L ratio. We examine how these haematological parameters vary with season (years), breeding
locality, brood size, hatch date and sex.

Methods
Our study was performed from 2005 to 2008 at 65 nest
sites in western Poland encompassing an area between
51°400 and 54°380 N and 14°420 and 17°330 E, in habitats
with a relatively high density of breeding White Storks (for
more details, see Tryjanowski et al. 2005; Kulczykowska
et al. 2007). Nest sites were situated along the flood plain
of the Oder river, and we have allocated nest sites to five
contiguous downstream nesting locality categories from
near Glogów in the southeast (coded 1) to near Kłopot in
the northwest (coded 5). All White Storks bred in open
nests on roofs, in the tops of trees, or on electricity posts.
Chicks hatched after approximately 1 month of incubation,
but remained in the nest and relied on both parents for food
and protection for the next 70–80 days. Our study was
carried out between 23 June and 4 July in each year. To
control for possible diurnal variation in blood measures
(see Kulczykowska et al. 2007), data were collected only
during the late morning (0900–1200 hours). Mean hatch
dates per year varied between May 18 and 24. Samples
were collected from a total of 342 chicks from 124 broods:
44 chicks from 18 broods in 2005, 84 chicks from 34
broods in 2006, 111 chicks from 36 broods in 2007, and
103 chicks from 36 broods in 2008.
Blood sampling and laboratory procedures
White Stork chicks are very quiet and display only very
little physiological response to handling (Blas et al. 2006),
and the opportunity was taken to examine their physical
health using traditional veterinary diagnostics (e.g. leg
development, eye brightness, plumage condition, breast
muscle development). All chicks appeared to be healthy;
indeed, only four deaths were recorded between sampling
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and fledging during the 4 years of study. Blood samples
were collected from nestlings (342 chicks in total, 150
females and 192 males) by brachial vein-puncture with a
vacationer. Each chick was removed from the nest and
placed individually in cotton bags, and blood samples were
collected as soon as possible. Body mass of chicks averaged 2,860 g and was determined using a Pesola spring
balance (to the nearest 50 g). Age (with accuracy
1–2 days) was estimated by measurement of the bill length
following the method of Kania (1988) and hence hatch date
was found by back calculation. The mean (±SE) estimated
age of chicks during sampling was 37.1 ± 0.48 days, range
15–62 days, with no significant difference between years
and sites. Because blood sampling was carried out during a
short time window each year, hatch date is almost synonymous with chick age (r = -0.928, P \ 0.001).
Immediately after blood sampling, a small amount of
each sample was used to prepare a blood smear that was air
dried the remainder of the sample (5 ml) was immediately
mixed with the anticoagulant, dipotassium ethylenediaminetetraacetic acid (1.5 mg/dl). The samples were maintained at 4–6 °C and in the dark. Upon return to the
laboratory, blood samples were processed within 12 h, and
haematological analyses were performed on the day of
collection by the same person (M.K.).
The number of RBC and WBC were counted in a Bürcer
chamber after the blood was diluted 200 times in Natt and
Herrick’s solution using haematological pipettes. Haematocrit (Ht) was determined using heparinized capillary
tubes and centrifuging the blood in a microhaematocrit
centrifuge at 12,000 rpm for 3 min, and expressed as the
percentage of the length of the part of the capillary tube
occupied by RBC in relation to the total length of the
capillary tube occupied by both the cellular fraction and
plasma. Haemoglobin (Hb) concentration was measured by
Drabkin’s colorimetric method. Well-mixed whole blood
(0.02 ml) was added to 5 ml of Drabkin’s reagent. After
10 min, this was centrifuged at 3,500 rpm to remove RBC
nuclei and membranes, and the Hb was measured in the
supernatant in a spectrophotometer at 540 nm wavelength
(van Kampen and Zijlstra 1961).
The determination of MCV, MCHC and MCH require
the determination of the packed cell volume (PCV) of RBC
(see Campbell 1995). This was accomplished by measuring
the height of the RBC fractions of heparinised capillary
tubes with digital calipers to the nearest 0.1 mm after
10 min of centrifugation at 10,000 rpm. MCV, MCHC and
MCH were then calculated from the RBC count, PCV and
Hb concentration, using the following equations from
Campbell (1995): MCV = (PCV/RBC) 9 10; MCH =
(Hb/RBC) 9 10; MCHC = (Hb/PCV) 9 100.
To analyse the relative abundance of L and H, the heterophil/lymphocyte ratio was calculated. The heterophil/
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lymphocyte (H/L) ratio is widely used as an indicator of
stress in poultry and is known to increase as a response to
various stressors, including infectious diseases, starvation
and physiological disturbance (Maxwell 1993; Moreno
et al. 2002; Sanz et al. 2004; Jakubas et al. 2008).
All parameters, except H and L levels, were collected
over the whole 4-year period; H and L levels were measured only in 2005 and 2007. Due to problems with some
laboratory analyses (one sample with too little blood),
sample sizes differed slightly between parameters.
Because White Storks do not exhibit strong sexual
dimorphism (Schulz 1998; Cwiertnia et al. 2006), we used the
cellular fraction of the blood as a source of DNA to determine
the sex of all birds. Whole genomic DNA was extracted using
DNAeasy Blood and Tissue Kit (Qiagen, Hilden, Germany)
following the manufacturer’s standard protocol. CHD-W and
CHD-Z gene fragments were PCR-amplified with primers
2550F and 2718R (Fridolfsson and Ellegren 1999; and see
Tryjanowski et al. 2011 for more technical details).
Statistical analyses
All measured variables were correlated to show potential
relationships between study parameters, and to provide
some information for comparison with older papers where
the number of measured variables was more limited. Subsequently, a linear mixed model with Gaussian error
structure and identity link was used to analyse each of the
haematological parameters. This model included year, sex,
hatch date and brood size as fixed effects and an interaction
between sex and hatch date. Brood, nest site and nest region
(locality) were included as random effects in a nested
structure. The models were run with maximum likelihood
estimation, and fixed effects were sequentially deleted from
the model using likelihood ratio tests, with a threshold for
inclusion of 0.05. Partial R2 values for each fixed effect
were calculated using the methods described in Edwards

et al. (2008) with the Kenward–Rogers approximation of
degrees of freedom (Kenward and Roger 1997). The final
model was re-run using restricted maximum likelihood
estimation to accurately estimate the variance associated
with the random effects. H, L and H/L were analysed in 153
birds with information complete for the three variables; all
other analyses included 341 birds with complete information for the remaining variables. Statistical analyses were
conducted using the statistical package R (R Development
Core Team 2010) and packages lme4 (Bates and Maechler
2010) and doBy (Højsgaard et al. 2010).

Results
Correlations between the haematological parameters are
presented in Tables 1 and 2. Large coefficients (arbitrarily
taken here as [|0.8|) occurred for five pairs of indices
(H and L, H and H/L, L and H/L, Hb and MCHC, MCV
and MCH). For four variables (RBC, Ht, Hb and MCHC),
sex was a statistically significant factor and for all of these
variables females had significantly higher mean values than
males. For these four parameters, sex explained 1–5 % of
the variation, and for the six parameters for which sex was
not significant, it explained 1 % or less of the observed
variation. Hatch date was a statistically significant factor
for the same four haematological parameters for which sex
was significant, and the interaction between hatch date and
sex was significant for three of these. Since hatch date was
confounded with chick age a positive effect of hatch date
could represent a negative effect of age, and vice versa.
RBC, Ht, Hb and MCHC all had significant negative
effects of hatch date, and, for the first three of these, the
negative effect was more pronounced for female chicks
than male chicks (Fig. 1). Hatch date explained 3–19 % of
variation in these four parameters. A significant effect of
brood size was not detected for any of the haematological

Table 1 Pearson correlation coefficients between the ten haematological parameters of White Stork Ciconia ciconia chicks
H
L

L

H/L ratio

RBC

0.88

-0.89

RBC

0.21

-0.22

WBC

0.26

-0.24

0.43

0.57

-0.12

0.10

-0.14

0.44

Hb

Ht

Hb

MCV

MCH

-0.99

H/L ratio

Ht

WBC

0.30
-0.15

0.26

-0.26

0.30

0.72

0.50

0.48

MCV

-0.05

0.05

-0.01

-0.48

-0.31

-0.05

-0.29

MCH

0.07

-0.06

0.11

-0.26

-0.05

-0.05

0.10

0.89

MCHC

0.37

-0.35

0.42

0.57

0.67

-0.03

0.86

-0.31

0.15

Coefficients are based on raw data, i.e. uncorrected for year, brood etc. n = 153 for all correlations with H, L and H/L ratio and n = 341 for all
others
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61.73
(9.89)

38.36
(9.83)

1.81
(0.90)

1.60
(0.32)

21.69
(15.34)

32.91
(2.56)

9.98
(1.56)

198.4
(60.3)

59.40
(17.30)

30.33
(4.26)

H (%)

L (%)

H/L ratio

RBC (106/ll)

WBC (103/ll)

Ht (%)

Hb (g/dl)

MCV (lm3)

MCH (pg)

MCHC (g/dl)

0.01

Sex
partial
R2

20.079
(0.020)

20.440
(0.221)
0.01

-0.036
(0.079)

0.335 (0.252)

20.096
(0.011)

20.200
(0.023)

0.060 (0.055)

20.016
(0.003)

0.008 (0.008)

-0.125
(0.093)

0.125 (0.093)

Hatch date
coefficient
(SE)

0.472 (0.790) \0.01

0.01

0.05

26.54 (1.58)

3.179 (2.586)

0.05

\0.01

0.02

\0.01

213.6 (3.29)

-0.484
(0.723)

21.36 (0.37)

-0.092
(0.116)

1.013 (1.298) \0.01

-1.244
(1.259)

Sex (male)
coefficient
(SE)

Results from linear mixed model

0.05

\0.01

0.01

0.19

0.03

0.01

0.12

0.01

0.01

0.01

Hatch
date
partial R2

Interaction
partial R2

0.05

0.05

\0.01

0.04

0.01

\0.01

0.042 (0.026)

0.01

-0.032 (0.101) \0.01

-0.311 (0.328) \0.01

0.044 (0.011)

0.091 (0.023)

0.039 (0.091)

0.009 (0.003)

-0.012 (0.014)

0.091 (0.152)

-0.074 (0.148) \0.01

Sex: Hatch date
interaction (SE)

-0.239
(0.292)

-2.446
(1.476)

-8.462
(4.298)

-0.034
(0.106)

0.130
(0.198)

0.103
(0.687)

0.016
(0.021)

0.041
(0.115)

0.743
(1.294)

-0.853
(1.341)

Brood size
coefficient
(SE)

22.220
(0.268)

\0.01

19.796
(3.914)
27.286
(0.752)

0.02
\0.01

103.679
(11.435)

0.286
(0.502)

\0.01

0.03

240.383
(1.830)

20.687
(0.055)

Year
2006 (SE)

\0.01

\0.01

\0.01

0.01

0.01

Brood
size
partial R2

26.455
(0.741)

26.078
(3.809)

10.473
(11.117)

21.410
(0.264)

1.860
(0.494)

234.867
(1.777)

20.334
(0.054)

20.732
(0.206)

2.153
(2.512)

-2.567
(2.589)

Year
2007 (SE)

210.896
(0.728)

0.442
(3.711)

62.842
(10.825)

23.360
(0.260)

0.359
(0.496)

241.215
(1.773)

0.581
(0.054)

Year
2008 (SE)

0.43

0.20

0.33

0.39

0.07

0.67

0.38

0.23

0.02

0.02

Year
partial
R2

Partial R2 statistics are shown for all variables and coefficients and standard errors for sex, hatch date and brood size. Variables in bold are in the final model (after backwards stepwise
selection), and partial R2 statistics were calculated by removing the variable from the final model. Partial R2 statistics for variables not in the final model were calculated by addition of the
variable to the final model, and by the addition of the interaction to the final model with brood size and hatch date added, where required. Degrees of freedom were estimated using the
Kenward–Rogers approximation. Partial R2 statistics represent the amount of variation which is explained by the variable, but do not necessarily sum to one. n = 153 for H, L and H/L ratio and
n = 341 for all others

Mean
(SD)

Haematological
parameter

Table 2 Results of the linear mixed models of haematological parameters of White Stork chicks and candidate variables explaining variation in these parameters
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parameters investigated. Year was modelled as a factor,
and was a significant explanatory variable for eight of the
haematological parameters: H/L, RBC, WBC, Ht, Hb,
MCV, MCH and MCHC. For each of these, year explained
the most variation of all of the explanatory variables.

Discussion
In our study, RBC, Ht, Hb and MCHC decreased significantly with hatch date (i.e. increased with chick age) and
were lower in males than females. For the first three of
these, a significant sex/hatch date interaction suggests that
higher values for females are exaggerated in older chicks.
These are novel results, as this is to date the only report of
sex differences in the blood of young chicks. These results
may be partly explained by the well-known adaptation of
birds developing haematological functions (such as oxygen
transport) during their developmental stage to prevent agerelated tissue damage caused by changes in their blood
(Holmes et al. 2001). It can also be hypothesised that the
degree to which birds can change oxygen transport in
blood, and therefore change haematological parameters, is
connected with a response to potential stress, as described
by Blas et al. (2006) for the White Stork. However, age and
sex effects were small compared to the effects of year and
nesting locality. These presumably reflect, respectively, the
direct or indirect effects of that year’s weather (e.g. on
physiological condition or prey abundance), and on
(unrecorded) differences in the local environment. It has
previously been shown that year and environment affect
chick production and/or population changes in White Stork

Fig. 1 Relationship between red blood cell count (RBC 106/ll; top)
and haematocrit [Ht (%); lower)] and White Stork Ciconia ciconia
hatch date (females, circles and solid lines, males, crosses and dotted
lines). Fitted lines are modelled means, averaged over each year
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(e.g. Tryjanowski et al. 2005, 2006), but effects on haematological parameters of chicks have not been previously
reported.
The mean haematological values presented here are very
similar to those presented by Puetra et al. (1989) and
Montesinos et al. (1997) from their studies of White Stork
chicks in the wild in Spain, and are also similar to values
obtained from chicks of the closely related Black Stork
C. nigra (Lanzarot et al. 2005). We also found that Ht, Hb,
RBC and MCHC parameters changed with age of chicks,
which is a well-known pattern in birds, reflecting increased
efficiency of oxygen transport in blood with age (Gayathri
et al. 2004; Eklom and Lill 2006; Simmons and Lill 2006),
including White Stork chicks (Montesinos et al. 1997). The
latter study, which detected no differences between captive
and free-living birds, found that RBC, PCV and Hb
increased with age, whilst WBC and lymphocytes
decreased with age. These changes may reflect sibling
competition between chicks, especially at a very young
age, but after day 40 of their life nestling mortality is very
low, and almost all chicks survive to fledging (Tortosa and
Castro 2003; Andrzejewska et al. 2004). In our study, we
also detected increases in RBC and Hb with age, but the
change in WBC was not significant.
Interestingly, sexual differences were found in four
parameters; however, the differences were relatively small,
not only in absolute values but also relative to other sources
of variation. Although the White Stork is a monomorphic
species, and morphological differences between chicks of
different sex do not exist, we suspect that changes in
haematological parameters are probably due to changes in
activity of sex steroid hormones in chicks during development (suggestion in Gil et al. 2007). On the other hand,
Dawson and Bortolotti (1997a), in a study on American
Kestrels Falco sparverius, found no sexual differences in
either Ht or plasma protein levels, although nestling kestrels show sexual differences in plumage and size. Therefore, these differences may be related to the age of chicks
and the hierarchy of chicks in particular broods. In the
current study, for reasons that are not understood, there was
a gender bias among chicks to males, and older chicks also
tended to be male (Tryjanowski et al. 2011). As is the case
for most species, the youngest White Stork chicks
(i.e. \20 days of age) are more sensitive to environmental
perturbations or extremes (Tortosa and Castro 2003; Jovani
and Tella 2004), whereas as they age they become more
capable of thermoregulation (Tortosa and Castro 2003).
Given that such changes are likely mediated in part by
changes to the circulatory systems, it is reasonable that
changes in haematological parameters also change as nestlings become older.
The White Stork is an icon of nature protection, and
injured and orphaned young birds are frequently taken into
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captivity to ensure their survival or to provide offspring for
future release programmes (Tryjanowski et al. 2006). We
have shown that some haematological parameters vary by
age and sex (but more so by year and locality) and that all
these factors need to be considered in any diagnostic role in
studies of this and possibly other species. Additionally, the
values presented here may be useful for comparisons with
blood parameters from chicks in polluted areas (Pastor
et al. 2001a; Baos et al. 2006a, b). Knowledge of reference
values of their blood characteristics will be useful in
ensuring their general health and also in post-mortem
analyses of birds that are found dead in the wild.
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