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The body condition and haematological parameters of birds are influenced by a mul-
titude of factors. Here we investigated body mass, fat scores, ratio of heterophils and
lymphocytes (H/L), red blood cell count (RBC) of reed buntings (Emberiza schoeni-
clus), expecting differences between spring and summer (different physiological states/
energy demands in breeding/post-breeding periods), sexes (different parental duties)
and age groups (different experience/social status). Fat scores and size-corrected body
mass were similar in all the groups. Adults in spring had higher H/L than in summer,
which may have been due to reproduction-related stress or the seasonal elevation of
glucocorticoids. The lower RBC and H/L in adults in summer were associated with
their complete moult. Lower H/L in adults in summer compared to immatures may
have resulted from their lower stress level (greater experience/higher social status)
or a complete moult. The H/L ratio was similar in both sexes, despite their different
parental duties.

Introduction

Birds undergo pronounced annual changes in
physiology, morphology and behaviour that
facilitate survival and reproduction in varying
environments (Murton & Westwood 1977). This
results from both changing external environmen-
tal cues and changing internal responsiveness to
those cues (Dawson et al. 2001). Energetically
demanding seasonal activities such as reproduc-
tion (Drent & Daan 1980) are often associated
with a decrease in body mass (Ricklefs 1974),
elevated stress level (Romero 2002) and suppres-

sion of immune function (Norris & Evans 2000).

Body condition and stress levels may be dif-
ferent in males and females, particularly during
breeding, when one sex invests more time and/or
energy in parental care than the other (Sanz et al.
2000, Visser & Lessells 2001). However, even in
species with biparental care, males and females
may differ in body condition and haematological
parameters associated with stress levels because
of constraints imposed by physiological, behav-
ioural and environmental factors (e.g. Horak et
al. 1998, Ots et al. 1998, Kilgas et al. 2006a,
Jakubas et al. 2008).
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Also, young and adult individuals often
differ in body condition or fat reserves. Possi-
ble explanations for the lower values recorded
in immature birds include less efficient forag-
ing as a result of inexperience or lower social
status and increased mobility as an antipredator
strategy (immatures are more vulnerable to pre-
dation) (Woodrey & Moore 1997). Haematologi-
cal parameters are often age-related: this may
reflect age differences in stress level as well as in
immune function and susceptibility to diseases
as the blood profiles of nestling birds develop
with age (Lavoie et al. 2007, Quillfeldt et al.
2008).

The reed bunting (Emberiza schoeniclus) is
a small passerine bird, with apparent sexual
dimorphism in plumage and body size (males
larger than females). It inhabits tall herbage and
small shrubs in marshy and swampy areas bor-
dering fresh or brackish water. The reed bunting
is socially monogamous. A pair is capable of
breeding twice in a single season. The female
usually lays 4-5 eggs. Both parents look after
the brood. However, participation in particular
parental duties differs between sexes. The female
builds the nest, incubates and feeds the offspring
to a greater extent than the male. Males perform
part-time mate guarding prior to egg laying.
They sing before pair formation and during the
nesting period. It is the males that mainly feed
the young after fledging. Reed buntings from
central and northern Europe spend the winter in
western Europe (France, Spain). Adults undergo
a partial moult before breeding and a complete
one before the autumn migration. Immatures
undergo a partial post-juvenile moult prior to
the autumn migration (Svensson 1992, Cramp
1998, Okulewicz 1989, Bouwman et al. 2005,
Marthinsen et al. 2005).

The main objective of this study was to
investigate whether intrinsic individual (sex and
age) and/or extrinsic environmental (season) fac-
tors influence body condition and haematologi-
cal parameters in reed buntings. To our knowl-
edge, studies of haematological parameters have
never been conducted in this species before.
We hypothesized that the birds’ body condi-
tion and haematological parameters should differ
between spring and summer, reflecting the dif-
ferent physiological states and energy demands

of the breeding and post-breeding periods. In
view of the sex differences in parental duties,
we expected differences in body condition and
haematological parameters between males and
females. We also hypothesized that because of
different experience and effectiveness in forag-
ing, body condition and haematological parame-
ters should differ between adults and immatures.

Materials and methods
Study site and field methods

The birds were trapped in 5-20 mist nets in reed-
beds in the southern part of the “Lake Druzno”
reserve (54°05°N, 19°27°E) in northern Poland.
Lake Druzno is a large, shallow lake, overgrown
in much of its area with reedbeds, which makes
it an attractive place for breeding and moulting
reed buntings. Our study was carried out in 2008,
in spring (a total of 18 days of 2-3 day trapping
sessions between 25 April and 28 June), cor-
responding to the breeding period, and summer
(39 days of continuous trapping between 27
July and 4 September), corresponding to the
post-breeding period, including the complete
post-breeding moult of the adults, the partial
post-juvenile moult of the immatures, and post-
breeding dispersal (Cramp 1998). The majority
of adults trapped in spring (82%) were captured
at the end of April and the beginning of May,
when egg laying reaches a peak in this species in
Poland (Okulewicz 1989). Thus, we caught the
majority of adults during the incubation period,
which was confirmed by the fully-developed
brood patch in all the females captured.

We trapped, ringed, aged (immature, i.e.
1-year old or adult) and sexed birds by external
characters (Svensson 1992). We measured the
wing length (flattened) with a ruler (£ 1 mm),
and body mass using an Ohaus CL 201 electronic
scale (accuracy 0.1 g). We used fat scores (after
Busse 2000) to estimate fat reserves. To exam-
ine haematological parameters, we took a blood
sample of 10-25 ul from each bird by brachial
vein puncture (following the standard procedure
used in passerines, e.g. Ots et al. 1998, Cuervo
et al. 2007). We measured and blood-sampled a
total of 88 reed buntings.
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Parameters studied

We selected the following parameters associated
with body condition and stress level: body mass,
body mass corrected for body size, fat scores,
leukocyte profile (proportions of heterophils,
lymphocytes and their ratio — hereafter the ratio
H/L) and numbers of red blood cells (RBC).

Body mass is a widely used and easily meas-
ured index of body condition. However, it is
affected by many different factors, e.g. body
size. Calculation of the body mass corrected for
body size is the simplest way of separating the
effects of condition from the effects of body size
(Reist 1985, Krebs & Singleton 1993, Jakob et
al. 1996, Ots et al. 1998) and enables fat and
protein reserves to be estimated.

Fat deposits are the most important energy
reserve in passerines and are usually considered
a short-term indicator of condition as they vary
during the day according to feeding (Bednekoff
et al. 1994). Fat scores, based on visible sub-
cutaneous fat on the abdomen and the furcular
depression, are used to assess fat reserves. Even
though the fat is deposited non-uniformly along
the bird’s body axis, it is deposited primarily
towards the front and rear ends of the body.
Thus, fat scores may be taken to be a true reflec-
tion of fat content (Hedenstrom et al. 2009).

Leukocyte profiles (relative numbers of white
blood cell types) are widely used in studies
to assess immune function and stress in birds
(Gross & Siegel 1983, Maxwell 1993, Ruiz et
al. 2002, Davis et al. 2008). Heterophils (the
primary phagocytic leukocytes, proliferating in
the circulation in response to infections, inflam-
mation and stress) and lymphocytes (involved in
immunoglobulin production and immune defence
modulation) make up the majority (nearly 80%)
of leukocytes in birds (Campbell 1995, Rupley
1997, Davis et al. 2008). The H/L ratio increases
as a response to various stressors, including
infectious diseases, parasite infestation, food or
water deprivation, temperature extremes and psy-
chological disturbance (Gross & Siegel 1983,
Maxwell 1993, Ots & Horak 1996, Totzke et al.
1999, Vleck et al. 2000, Ruiz et al. 2002, Lobato
et al. 2005, Davis et al. 2008). This reaction is
caused by the redistribution of lymphocytes and
heterophils between the blood and other body

compartments induced by the secretion of corti-
costerone (Dhabhar 2002, Davis et al. 2008). A
change in the H/L ratio is detectable within hours
following exposure to a stressor. Thus, it is not
affected by handling or blood sampling stress
and is generally considered a reliable indicator of
avian stress (Maxwell 1993, Davis et al. 2008).
High HJ/L ratios are associated in birds with sus-
ceptibility to infection (Al-Murrani et al. 2006),
slow growth rates (Moreno et al. 2002) and sur-
vival to the next breeding season (Lobato et al.
2005, Kilgas et al. 2006b).

RBC values are related to body condition
and are used as an indicator of health in birds
(e.g. Kalmbach et al. 2004, Sergent et al. 2004).
RBC is an index of the oxygen transfer capacity
of the blood. Low values are considered a sign of
anaemia, because erythropoesis (red blood cell
production) depends on the nutritional state. It
can also indicate illness or dehydration (Campbell
1995, Artacho et al. 2007). Individuals in good
body condition have a greater number of RBCs
than those in poor body condition (Sergent et al.
2004); also, a reduction in body mass is associated
with a decrease in RBC (Artacho et al. 2007).

Laboratory analyses

We divided the blood samples into subsamples
in order to carry out particular analyses: 5 ul to
make a blood smear for the differential leukocyte
counts and 5 pl for the RBC counts. We stained
air-dried blood smears using the May-Griine-
wald-Giemsa method with a Wescor “Aerospray
Haematology” cytocentrifuge. To assess the pro-
portion of different types of leukocytes (lym-
phocytes, heterophils, monocytes, eosinophils
and basophils), we examined 100 leukocytes
at 1000x magnification under oil immersion.
Because of the very low numbers or absence of
monocytes, basophils and eosinophils in most
of the blood smears, we show and consider in
the statistical analyses only the ratio of heter-
ophils to lymphocytes. To determine the total red
blood cell count (RBC), we counted the number
of cells using a disposable, plastic counting
chamber (Pentasquare Slides, Medlab-Products,
Raszyn, Poland), analogous to widely used Neu-
bauer chamber. Before the count, we diluted the
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blood 200 times and mixed it well with saline
solution. The average time between sampling
and the RBC count was 5 h. To obtain the final
number of RBC cells (x 10°) in 1 ul of blood, we
multiplied the sum of cells counted in the five
squares by 90 (as the chamber volume, 0.011
w1, multiplied by 90 gives 1 ul) and the dilution
(200x), and divided the product by the number
of squares in which cells were counted.

Statistical analyses

To analyse the effects of categorical factors on
different parameters we performed a GLM anal-
ysis with the H/L ratio, RBC and body mass as
dependent variables, and sex, age and season as
independent factors. Interaction terms were also
included in the models. We carried out two sepa-
rate analyses to investigate the effect of: (1) sex
and season on the studied parameters in adults,
and (2) sex and age on the studied parameters
in individuals caught in summer (post-breeding
season). Before the analyses, we normalized the
H/L ratio using an arcsin square-root transforma-
tion (Zar 1999).

During the analysis of the effects of categori-
cal factors on body mass (i.e. calculating body
mass corrected for body size), we included wing
length in the model as a covariate, to control
for structural size differences (Garcia-Berthou
2001). We chose wing length to represent the
adult individual body size because of the sig-
nificant correlation between this parameter and
body mass in both immatures (both sexes com-
bined; Pearson correlation coefficient, r,; = 0.64,
P < 0.0001) and adults (both sexes combined;
r,, =043, P =0.008). We compared fat scores
among adult males and females caught in spring
and summer, and also between individuals of
different sex and age caught in summer using
the non-parametric Kruskal-Wallis test. We per-
formed all the statistical calculations using STA-
TISTICA 8.0 (StatSoft Inc., Tulsa, Oklahoma).

Results

The body mass of adult reed buntings was
affected significantly only by body size

(ANCOVA, wing length: F, ,, =4.99, P = 0.03).
Other factors, i.e. sex (F ;= 0.24, P = 0.62),
season (F — 0.07, P =0.79) and sex X season
interaction (F ,, = 0.63, P = 0.43) did not affect
body mass significantly. Thus, body mass cor-
rected for body size (wing length) was similar
in adult males [mean + SE (n): 200 £ 045 ¢
(21)] and females [mean + SE (n): 19.6 £ 0.60 g
(16)]. The fat scores of adult reed buntings were
low and did not differ between sexes and sea-
sons (median values for all categories: 0, quar-
tiles 25%—75%: 0—1; Kruskal-Wallis test: H3,48 =
7.18, P =0.66).

In adults, the H/L ratio was significantly
affected by season (F1,45 =5.29, P =0.03). Nei-
ther sex (F1,45 =2.39, P =0.13) nor sex X season
interaction (F 1as = 041, P = 0.53) affected the
H/L ratio. RBC was affected only by season
(Fl,42 =4.65, P =0.04). Neither sex (sz =0.02,
P =0.89) nor sex X season interaction (F, ,, =
0.01, P =0.92) affected the RBC. The H/L ratio
and RBC were significantly higher in spring than
in summer (Fig. 1).

Body mass in reed buntings caught in
summer was affected significantly only by body
size (ANCOVA, wing length; F1,39 =943, P =
0.004). Other factors, i.e. sex (F 130 = 036, P =
0.55), age (Fly39 =0.16, P = 0.69) and age X sex
interaction (F ,, = 0.04, P = 0.83) did not affect
body mass significantly. Thus, body mass cor-
rected for body size (wing length) was similar
in immature and adult males [mean + SE (n):
20.0 £0.44 g (26)] and females [mean + SE (n):
19.5 £ 0.59 g (18)]. In summer, fat scores of
reed bunting were low and did not differ either
between immatures and adults or between males
and females (median values for all categories: 0,
quartiles 25%-75%: 0-1; Kruskal-Wallis test:
H,,,=522,P=0.16).

In individuals caught in summer, the H/L
ratio was significantly affected by age (F,,, =
4.33, P = 0.04). Neither sex (F1,47 =000, P =
0.96) nor sex x age interaction (F = 041,P=
0.52) affected the H/L ratio. RBC was affected
only by age (F, ,, = 6.10, P = 0.02). Neither sex
(Fl,42 = 0.08, P = 0.78) nor sex X age interac-
tion (Fl,42 = 0.06, P = 0.82) affected RBC. In
individuals caught in summer, the H/L ratio and
RBC were higher in immatures as compared
with those in adults (Fig. 2).
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Fig. 1. Mean + SD of the H/L ratio (for arcsin square root transformed data) and RBC in adult reed buntings caught

in spring and summer.
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Fig. 2. Mean + SD of the H/L ratio (for arcsin square root transformed data) and RBC in immature and adult reed

buntings caught in summer.

Discussion

The adult reed buntings that we caught had
a higher H/L ratio in spring (breeding) than
in summer (post-breeding). Elevated H/L ratios
during breeding are also reported for other birds
(e.g. Mallory et al. 2005, Norte et al. 2009)
and may suggest the allocation of energy and
nutrients from the immune function to reproduc-
tion, leading to physiological constraints and
trade-offs (Norris & Evans 2000). Alternatively,
an elevated H/L ratio may reflect physiological
adjustment in response to expected increased
demands associated with reproduction. Accord-
ing to the concept of allostasis (McEwen 2002,
Schulkin 2003), the elevated glucocorticoid
levels (resulting in an increase in the H/L ratio)
observed in birds during breeding (Romero
2002) maintain internal systems within a height-
ened operating range to support expected repro-
duction demands. This elevation does not rep-

resent a reproduction stress response as it falls
well below stress-related concentrations (Landys
et al. 2006). Moreover, the adult reed buntings
caught in our study during the post-breeding
period were in the process of moulting. Lower
numbers of heterophils and/or H/L ratios are
reported for moulting birds (e.g. Driver 1981,
Hawkey et al. 1989, Sanz et al. 2004), suggest-
ing activation of the immune system. Indeed, in
at least some bird species, an increase in the size
of the immune system organs such as the thymus
or spleen was observed during moult, which may
be due to a need for heightened lymphocyte pro-
duction associated with the expansion of the cir-
culation or the need to avoid infection of wounds
resulting from breakage of growing feather folli-
cles (Ward & D’Cruz 1968, Silverin ef al. 1999).
Also, the glucocorticoid concentration in small
passerines that undergo a complete moult after
the breeding season is often lowest (Romero
2002), which is associated with a low H/L ratio.
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Moreover, the low RBC values recorded in adult
reed buntings caught during the post-breeding
period are characteristic of moulting birds (Ghe-
bremeskel et al. 1992, Hawkey et al. 1989, Ser-
gent et al. 2004).

In summer, H/L ratios in immature reed bun-
tings were significantly higher than in adults,
which may be indicative of a disease process
(Davis et al. 2004, 2008). However, the high
RBC values characteristic of individuals in good
health and body condition (Sergent et al. 2004)
did not confirm this. The elevated H/L ratios in
immatures may have resulted from the higher
stress level in inexperienced, less efficiently for-
aging and/or socially lower-ranked immatures
(Woodrey & Moore 1997). Similar age differ-
ences in the H/L ratio were observed in the
herring gull (Larus argentatus) and feral pigeon
(Columba livia) (Totzke et al. 1999, Pavlak et al.
2005), whereas the opposite pattern was found
in other species of birds (e.g. Fairbrother &
O’Loughlin 1990, Alonso et al. 1991, Quillfeldt
et al. 2008, Norte et al. 2009). This discrepancy
between the studies may be due to the variability
of environmental (food abundance) and social
(intensity of competition) conditions affecting
stress levels. Alternatively, it may be due to the
different time of sampling, since an increase
in H/L with age, regardless of body condition,
was found in some birds (e.g. Fairbrother &
O’Loughlin 1990, Quillfeldt et al. 2008). We
found that adult reed buntings had lower RBC
values than immatures, which is in agreement
with the results reported for the herring gull
(Totzke et al. 1999) but contradicts the pattern
observed in other bird species (Hawkey et al.
1989, Alonso et al. 1991, Gayathri et al. 2004,
Pavlak et al. 2005). It is possible that the H/L
ratios and RBCs recorded in adult reed buntings
were influenced by the complete post-breeding
moult undergone by the majority of individuals
in this age category caught in summer, as the
reported values of both parameters are charac-
teristic of moulting birds (Driver 1981, Hawkey
et al. 1989, Sergent et al. 2004). In this context,
the contradictory results of the previously men-
tioned studies may have been due to different
moult strategies and/or sampling times.

Despite the differences in the levels of paren-
tal care provided by males and females in reed

buntings, their H/L ratios during and after breed-
ing were not affected by sex. This result of
our study was unexpected, in view of the fact
that during breeding the H/L ratio in females of
another passerine with biparental care [great tit
(Parus major)] was higher than in males, pos-
sibly due to the greater contribution to offspring
rearing and/or the high initial breeding invest-
ments in females (Horak et al. 1998, Ots et al.
1998, Kilgas et al. 2006a, Krams et al. 2010). On
the other hand, Norte ef al. (2009) found no sex
differences in H/L in the same species. This dem-
onstrates that leukocyte profiles in breeding males
and females may differ between populations and
seasons according to local environmental condi-
tions. Alternatively, it is possible that in the reed
bunting, the higher initial breeding investments
in females (egg production, incubation) were bal-
anced by the males’ outlay for pre-laying mate
guarding and singing during the pre-laying and
nesting periods (Cramp 1998, Bouwman et al.
2005, Marthinsen et al. 2005). Similarly, the lack
of significant sex differences in body mass cor-
rected for size and fat reserves suggests a similar
protein content (e.g. muscle condition) in males
and females, immatures and adults.

In conclusion, we found that seasonally
dependent activities like breeding and moulting
affected RBC and immune cell profiles in adult
reed buntings. In contrast, their body condition
was not affected by season. Adults and imma-
tures caught during the post-breeding period dif-
fered in H/L ratio and RBC, but their body con-
dition was similar. However, it is still not clear
which physiological processes are responsible
for the observed differences. This highlights the
great need for comparative studies investigating
changes in immune cell profiles in the annual
cycle and physiological ones investigating the
causal mechanism of those changes.

Acknowledgments

Study was performed under permission of local Animal
Research Authority and Provincial Nature Protection Bureau.
Study was supported by the grant from University of Gdansk
(BW/L 120-5-0373-8). Thanks go to Anna Stonina and
Magdalena Hadwiczak for their voluntary contribution in the
field and laboratory work, to ringers, dr Czestaw Nitecki, dr
Beata Michno, Jakub Typiak and other volunteers for their



ANN.ZOOL.FENNICI Vol.48 -

Body condition and haematological parameters of reed bunting 249

contribution in the field work. We apprecuiate the improve-
ments of English usage made by Peter Senn.

References

Al-Murrani, W. K., Al-Rawi, A. J., Al-Hadithi, M. F. & Al-
Tikriti, B. 2006: Association between heterophil/lym-
phocyte ratio, a marker of ‘resistance’ to stress, and
some production and fitness traits in chickens. — British
Poultry Science 47: 443—448.

Alonso, J. C., Huecas, V., Alonso, J. A., Abelenda, M.,
Muiioz-Pulido, E. & Fuerta, M. L. 1991: Hematology
and blood chemistry of adult white storks (Ciconia
ciconia). — Comparative Biochemistry and Physiology
A 98: 395-397.

Artacho, P., Soto-Gamboa, M., Verdugo, C. & Nespolo, R.
F. 2007: Using haematological parameters to infer the
health and nutritional status of an endangered black-
necked swan population. — Comparative Biochemistry
and Physiology A 147: 1060-1066.

Bednekoff, P. A., Biebach, H. & Krebs, J. 1994: Great tit fat
reserves under unpredictable temperatures. — Journal of
Avian Biology 25: 156-160.

Bouwman, K. M., Lessells, C. M. & Komdeur, J. 2005: Male
reed buntings do not adjust parental effort in relation to
extrapair paternity. — Behavioral Ecology 16: 499-506.

Busse, P. (ed.) 2000: Bird station manual. — SE European
Bird Migration Network, c/o Bird Migration Research
Station, University of Gdansk, Gdafsk.

Campbell, T. W. 1995: Avian hematology and cytology. —
Iowa State University Press, Ames, lowa.

Cramp, S. 1998: The complete birds of the Western Palearc-
tic on CD-ROM. — Oxford University Press.

Cuervo, J. J., Mgller, A. P. & de Lope, F. 2007: Haematocrit
is weakly related to condition in nestling barn swallows
Hirundo rustica. — Ibis 146: 128-134.

Davis, A. K., Cook, K. C. & Altizer, S. 2004: Leukocyte
profiles of house finches with and without mycoplasmal
conjunctivitis, a recently emerged bacterial disease. —
Ecohealth 1: 362-373.

Davis, A. K., Maney, D. L. & Maerz, J. C. 2008: The use
of leukocyte profiles to measure stress in vertebrates:
a review for ecologists. — Functional Ecology 22:
760-772.

Dawson, A., King, V. M., Bentley, G. E. & Ball, G. F. 2001:
Photoperiodic control of seasonality in birds. — Journal
of Biological Rhythms 16: 366-381.

Dhabhar, F. S. 2002: A hassle a day may keep the doctor
away: stress and the augmentation of immune function.
— Integrative and Comparative Biology 42: 556-564.

Drent, R. H. & Daan, S. 1980: The prudent parent: energetic
adjustments in avian breeding. — Ardea 68: 225-252.

Driver, E. A. 1981: Hematological and blood chemical
values of mallard, Anas platyrhynchos platyrhynchos,
drakes before, during and after remige moult. — Journal
of Wildlife Disease 17: 413-421.

Fairbrother, A. & O’Loughlin, D. 1990: Differential white
blood cell values of the mallard (Anas platyrhynchos)

across different ages and reproductive states. — Journal
of Wildlife Disease 26: 78-82.

Gayathri, K. L., Shenoy, K. B. & Hegde, S. N. 2004: Blood
profile of pigeons (Columba livia) during growth and
breeding. — Comparative Biochemistry and Physiology
A 138: 187-192.

Garcia-Berthou, E. 2001: On the misuse of residuals in
ecology: testing regression residuals vs. the analysis of
covariance. — Journal of Animal Ecology 70: 708-711.

Ghebremeskel, K., Williams, T. D., Williams, G., Gardner, D.
A. & Crawford, M. A. 1992: Dynamics of plasma nutri-
ents and metabolites in moulting macaroni (Eudyptes
chrysolophus) and gentoo (Pygoscelis papua) penguins.
— Comparative Biochemistry and Physiology A 101:
301-307.

Gross, W. B. & Siegel, H. S. 1983: Evaluation of the heter-
ophil/lymphocyte ratio as a measure of stress in chick-
ens. — Avian Disease 27: 972-979.

Hawkey, C. M., Horsley, D. T. & Keymer, I. F. 1989: Haema-
tology of wild penguins (Spenisciformes) in the Falkland
Islands. — Avian Pathology 18: 495-502.

Hedenstrom, A., Fagerlund, T., Rosén, M. & Wirestam, R.
2009: Magnetic resonance imaging versus chemical fat
extraction in a small passerine, the willow warbler Phyl-
loscopus trochilus: a fat-score based statistical compari-
son. — Journal of Avian Biology 40: 457-460.

Horak, P., Jenni-Eiermann, S., Ots, I. & Tegelmann, L. 1998:
Health and reproduction: the sex-specific clinical profile
of great tits (Parus major) in relation to breeding. —
Canadian Journal of Zoology 76: 2235-2244.

Jakob, E. M., Marshal, S. D. & Uetz, G. W. 1996: Estimat-
ing fitness: a comparison of body condition indices. —
Oikos 77: 61-67.

Jakubas, D., Wojczulanis-Jakubas, K. & Kreft, R. 2008: Sex
differences in body condition and hematological param-
eters in little auk Alle alle during the incubation period.
—Ornis Fennica 85: 90-97.

Kalmbach, E., Griffiths, R., Crane, J. E. & Furness, R. W.
2004: Effects of experimentally increased egg produc-
tion on female body condition and laying dates in the
great skua Stercorarius skua. — Journal of Avian Biol-
ogy 35: 501-514.

Kilgas, P., Mand, R., Magi, M. & Tilgar, V. 2006a: Hemato-
logical parameters in brood-rearing great tits in relation
to habitat, multiple breeding and sex. — Comparative
Biochemistry and Physiology A 144: 224-231.

Kilgas, P., Tilgar, V. & Mand, R. 2006b: Hematological
health state indices predict local survival in a small pas-
serine bird, the great tit (Parus major). — Physiological
and Biochemical Zoology 79: 565-572.

Krams, 1., Cirule, D., Krama, T., Hukkanen, M., Rytkonen,
S., Orell, M., Iezhova, T., Rantala, M. J. & Tummeleht,
L. 2010: Effects of forest management on haematologi-
cal parameters, blood parasites, and reproductive success
of the Siberian tit (Poecile cinctus) in northern Finland.
— Annales Zoologici Fennici 47: 335-346.

Krebs, C. J. & Singleton, G. R. 1993: Indices of condition
for small mammals. — Australian Journal of Zoology
41:317-323.

Landys, M. M., Ramenofsky, M. & Wigfield, J. C. 2006:



250

Jakubas etal. + ANN.ZOOL.FENNICI Vol.48

Actions of glucocorticoids at a seasonal baseline as
compared to stress-related levels in the regulation of
periodic life processes. — General and Compareitive
Endocrinology 148: 132—149.

Lavoie, E. T., Sorrell, E. M., Perez, D. R. & Ottinger, M. A.
2007: Immunosenescence and age-related susceptibility
to influenza virus in Japanese quail. — Developmental
and Comparative Immunology 31: 407-414.

Lobato, E., Moreno, J., Merino, S., Sanz, J. J. & Arriero, E.
2005: Haematological variables are good predictors of
recruitment in nestling pied flycatchers (Ficedula hypo-
leuca). — Ecoscience 12: 27-34.

Mallory, M. L., Braune, B. M. & Forbes, M. R. L. 2005:
Contaminant concentrations in breeding and non-breed-
ing northern fulmars (Fulmarus glacialis L.) from the
Canadian high arctic. — Chemosphere 64: 1541-1544.

Marthinsen, G., Kleven, O., Brenna, E. & Lifjeld, J. T.
2005: Part-time mate guarding affects paternity in male
reed buntings (Emberiza schoeniclus). — Ethology 111:
397-409.

Maxwell, M. H. 1993: Avian blood leucocyte responses to
stress. — Worlds Poultry Science Journal 49: 34-43.
McEwen, B. S. 2002: The end of stress as we know it. —

Joseph Henry Press, Washington D.C.

Moreno, J., Merino, S., Martinez, J., Sanz, J. J. & Arriero,
E. 2002: Heterophil/lymphocyte ratios and heat-shock
protein levels are related to growth in nestling birds. —
Ecoscience 9: 434—439.

Murton, R. & Westwood, N. 1977: Avian breeding cycles. —
Clarendon Press, Oxford.

Norris, K. & Evans M. R. 2000: Ecological immunology:
life history trade-offs and immune defense in birds. —
Behavioral Ecology 11: 19-26.

Norte, A. C., Ramos, J. A., Sousa, J. P. & Sheldon, B. C.
2009: Variation of adult great tit Parus major body con-
dition and blood parameters in relation to sex, age, year
and season. — Journal of Ornithology 150: 651-660.

Okulewicz, J. 1989: Biologia i ekologia rozrodu potrzosa
(Emberiza schoeniclus) w rejonie Stawow Milickich
[Breeding biology and ecology of the Reed Bunting
(Emberiza schoeniclus) in the region of the Milicz fish-
pond area]. — Ptaki .flqska 7: 2-39. [In Polish with
English summary].

Ots, 1. & Horak, P. 1996: Great tits Parus major trade health
for reproduction. — The Proceedings of the Royal Soci-
ety B 263: 1443-1447.

Ots, I. & Horak, P. 1998: Health impact of blood parasites in
breeding great tits. — Oecologia 116: 441-448.

Ots, 1., Murumigi, A. & Horak P. 1998: Haematological
health state indices of reproducing great tits: method-
ology and sources of natural variation. — Functional
Ecology 12: 700-707.

Pavlak, M, Vlahovi¢, K., Jeréi¢, J., Dove, A. & Zupancié, Z.
2005: Age, sexual and seasonal differences of haemato-
logical values and antibody status to Chlamydophila sp.
in feral and racing pigeons (Columba livia forma domes-
tica) from an urban environment (Zagreb, Croatia).
— European Journal of Wildlife Research 51: 271-276.

Quillfeldt, P., Ruiz, G., Rivera, M. A. & Masello J. F. 2008:
Variability in leucocyte profiles in thin-billed prions
Pachyptila belcheri. — Comparative Biochemistry and
Physiology A 150: 26-31.

Reist, J. D. 1985: An empirical evaluation of several uni-
variate methods that adjust for size variation in mor-
phometric data. — Canadian Journal of Zoology 63:
1429-1439.

Ricklefs, R. E. 1974: Energetics of reproduction in birds. —
In: Paynter, R. A. Jr. (ed.), Avian energetics: 152-292.
Nauttall Ornithological Club, Publication no. 15.

Romero, L. M. 2002: Seasonal changes in plasma glucocor-
ticoid concentrations in free-living vertebrates. — Gen-
eral and Comparative Endocrinology 128: 1-24.

Ruiz, G., Rosenmann, M., Novoa, F. F. & Sabat, P. 2002:
Hematological parameters and stress index in rufous-
collared sparrows dwelling in the urban environments.
— Condor 104: 162-166.

Rupley, A. E. 1997: Manual of avian practice. — W.B. Saun-
ders Company, Philadelphia, PA.

Sanz, J. J., Kranenbarg, S. & Tinbergen, J. M. 2000: Dif-
ferential response by males and females to manipulation
of partner contribution in the great tit (Parus major). —
Journal of Animal Ecology 69: 74-84.

Sanz, J. J., Moreno, J., Merino, S. & Tomas, G. 2004: A
trade-off between two resource-demanding functions:
post-nuptial moult and immunity during reproduction
in male pied flycatchers. — Journal of Animal Ecology
73: 441-447.

Schulkin, J. 2003: Rethinking homeostasis. — The MIT
Press, Cambridge, Mass.

Sergent, N., Rogers, T. & Cunningham, M. 2004: Influence
of biological and ecological factors on hematological
values in wild little penguins, Eudyptula minor. — Com-
parative Biochemistry and Physiology A 138: 333-3309.

Silverin, B., Finge, R., Viebke, P. A. & Westin, J. 1999:
Seasonal changes in mass and histology of the spleen in
willow tits Parus montanus. — Journal of Avian Biology
30: 255-262.

Svensson, L. 1992: Identification guide to European passer-
ines. — Published by the author, Stockholm.

Totzke, U., Fenske, M., Hiippop, O., Raabe, H. & Schach, N.
1999: The influence of fasting on blood and plasma com-
position of herring gulls (Larus argentatus). — Physi-
ological and Biochemical Zoology 72: 426—437.

Visser, M. E. & Lessells, C. M. 2001: The costs of egg
production and incubation in great tits (Parus major). —
The Proceedings of the Royal Society B 268: 1271-1277.

Vleck, C. M., Vertalino, N., Vleck, D. & Bucher, I. T. 2000:
Stress, corticosterone, and heterophil to lymphocyte ratios
in free-living Adélie penguins. — Condor 102: 392-400.

Ward, P. & D’Cruz, D. 1968: Seasonal changes in the thymus
gland of a tropical bird. — /bis 110: 203-205.

Woodrey, M. S. & Moore, E. R. 1997: Age-related differ-
ences in the stopover of fall landbird migrants on the
coast of Alabama. — The Auk 114: 695-707.

Zar, J. H. 1999: Biostatistical analysis, 4th ed. — Prentice
Hall, Upper Saddle River, New York.

This article is also available in pdf format at http://www.annzool.net/



