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Haemoparasites prevalence in birds can vary among species, age and sex groups and
ecological conditions. To comprehend the host–parasite assemblages, it is important
to investigate physiological mechanisms underlying the interactions in wild bird species. Here, using blood smears we investigated how leukocyte profiles in reed warblers
(Acrocephalus scirpaceus) and sedge warblers (Acrocephalus schoenobaenus) vary
in relation to the heamoparasite presence with respect to the host’s age and sex. We
sampled the birds during their autumn migration in 2008 at a stopover site in northern Poland. We found a significant relationship between the leukocyte profiles and
parasite infection. Parasite infection was associated with elevated relative number of
heterophils with simultaneous lowered relative number of lymphocytes. These opposite pattern resulted in an elevated H/L ratio in infected birds. Total leukocytes, lymphocytes and heterophils counts were elevated in birds infected with blood parasites
as compared with those of non-infected ones. Leukocyte profiles of parasitized birds
were similar regardless of individual age. However, non-infected adults had lower
total leukocyte counts and values of H/L than non-infected immatures.

Introduction
Haemoparasites prevalence in birds can vary
among species, age and sex groups and ecological conditions (e.g. Ots & Hõrak 1998, Valkiūnas
2005). Even closely related species may differ
significantly in blood parasites prevalence

(e.g. Fokidis et al. 2008). Higher prevalence
of parasites in juvenile birds than in adults was
documented in several studies (e.g. Hudson &
Dobson, 1997, van Oers et al. 2010), whereas
other studies revealed quite an opposite pattern
(e.g. Deviche et al. 2005). Contradictory results
were also found when regarding the sex of birds.
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Higher blood parasites prevalence was usually
found in females as compared with that in males,
but several other studies found the opposite
(reviewed in McCurdy et al. 1998). Furthermore,
within the sampled species, pattern of infection
with blood parasites differed among phases of
annual cycle, seasons and study sites (Deviche et
al. 2001, Weatherhead & Bennett 1991, Bennett
et al. 1995, Bosch et al. 1997). Hence, despite
many intensive studies on blood pathogens in
birds, we still have only a limited knowledge of
the pattern and mechanisms behind parasitemia
in wild birds.
To fully comprehend the host–parasite assemblages, it is important to investigate physiological mechanisms underlying the interactions in
wild bird species. Leukocyte profiles (i.e. the
relative numbers of different leukocyte types
in the peripheral blood), provide a convenient
measure of integrated immune function (Davis
2005, Salvante 2006). Generally, elevated total
number of leukocytes indicates an inflammatory
processes in response to both microbiological
and macroparasite infections (e.g. Dein 1986).
Lymphocytes and heterophils make up the majority (nearly 80%) of leukocytes in birds (Campbell 1995, Davis et al. 2008). Lymphocytes
are responsible for pathogen-specific immune
response (Fudge 1989; but see Dufva & Allander
1995) and their increased numbers can be found
during parasitic infection (Ots & Hõrak 1998,
Bonier et al. 2007) as well as any immunological challenges (Eeva et al. 2005). Heterophils are
non-specific phagocytozing cells that enter the
tissues during an inflammation, particularly due
to microbial challenge (Rose et al. 1979, Hawkey
et al. 1985, Campbell 1995, Maxwell & Robertson 1998). They increase in numbers during
stress, trauma and chronic bacterial infections.
The heterophil to lymphocyte ratio (H/L) is often
used as a stress indicator in birds (Gross & Siegel
1983, Maxwell 1993, Vleck 2000, Bonier et al.
2007, Davis et al. 2008). This ratio is known to
increase during infectious diseases and/or starvation. The remaining 20% of the leukocytes are
represented by eosinophils, which are associated with the inflammation process and defense
against parasites (Maxwell 1987), monocytes that
are phagocytic cells playing a role in a defense
against infections and bacteria (Campbell 1995,
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Davis et al. 2004) and basophils, which of function is not fully understood but is thought to
involve inflammation (Campbell 1995).
The aim of this study was to compare leukocyte profiles between parasite-infected and
parasite-free birds of different age and sex
groups, in two small passerines, the reed warbler (Acrocephalus scirpaceus) and the sedge
warbler (Acrocephalus schoenobaenus) during
the autumn migration period. The two species
are closely related and quite similar in terms of
breeding ecology and migration strategy (Cramp
1998). Due to contrasting results of parasitemia
in birds reported so far, we were not able to formulate detailed hypotheses on the relationship
between parasite prevalence and hematological
parameters in the particular studied groups. Nevertheless, since migration period is already a
stressful phase in the birds annual cycle, when
they experience reduced immune capacity
(Owen & Moore 2006), we expected that leukocytes profiles of the birds should give good
evidence of blood parasites if they were present.
Thus regardless of the species, age and sex, birds
infected with blood parasites should differ in leukocyte profiles from parasite-free birds.

Material and methods
Field work
We conducted the study 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 for much of its area by
reedbeds, which makes it an attractive place for
breeding and migrating reed and sedge warblers.
We captured the birds in 20 nets situated in reedbeds, controlled every 1.0–1.5 hours between 27
July and 26 August 2008. The study time comprised almost the entire autumn migration period
of Acrocephalus warblers in this area (Jakubas
and Wojczulanis-Jakubas 2010). Due to protracted breeding season of both species (Cramp
1998), the birds captured (especially at the end
of July) included an unknown proportion of local
birds, not yet on migration.
We ringed captured birds and aged them as
adults (≥ 2 years old) or immatures, according
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to plumage and iris colour (Svensson 1992). A
small amount of blood (10–20 µl) was drawn
from the brachial vein for preparing a blood
smear and molecular sexing. We sampled each
individual only once.
Laboratory work
Air dried blood smears were stained using the
May-Grünewald-Giemsa method with a Wescor
Aerospray Haematology cytocentrifuge. We
examined the blood smears for large parasites,
such as Trypanosoma, microfilaria and Leukocytozoon under 400¥ magnification. Then, we
used 100 microscopic views to check for Haemoproteus, Plasmodium, Hepatozoon under 1000¥
magnification with immersion oil. The birds were
considered parasite-infected if at least one parasite was found in the examined fields.
We determined differential leukocyte counts
by examining one cell-layer, non-overlapping
microscope fields of each smear at 1000¥ magnification under oil immersion. We counted all
types of leukocytes (heterophils, lymphocytes,
basophiles, eosinophils and monocytes) until a
total of 100 cells were reached. We used a
ratio of the relative number of heterophils and
lymphocytes (hereafter H/L ratio) as an index
of chronic stress (Vleck 2000, Bonier et al.
2007, Davis et al. 2008). Moreover, we used the
number of heterophils, lymphocytes and total
leukocytes counts per 10 000 erythrocytes to
estimate the overall allocation to the leukocyte
production. Blood smears were examined by a
single observer, (AC: blood parasites, IK: leukocytes profile) who was oblivious to particular
sampled individual characteristics except for the
ring number. The repeatabilities of the leukocyte
counts obtained from repeated scannings of the
same blood smear (Krams et al. 2010) were high
(r = 0.96, 0.95, 0.95 0.77, 0.65�������������������
and ��������������
0.63 for relative number of heterophils, lymphocytes, H/L
ratio, basophiles, eosinophiles and monocytes
respectively, all p < 0.0001).
We preserved blood sub-samples for molecular sexing in 70% ethanol. DNA was extracted
following evaporation of the alcohol and
using the Blood Mini kit (A&A Biotechnology, Gdynia, Poland). We performed sexing by
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amplification of a 390-bp fragment of the CHD
gene on the W chromosome (in females only),
and a 370-bp fragment on the Z chromosome
(in both sexes), using the primer pair P2 and
P8 (Griffiths et al. 1998). PCR was performed
according to the protocol described by Griffiths
et al. (1998) with 50 °C for annealing the primers. Differences in size of the PCR products were
clearly visible on 3% agarose gel.
Data analysis
In total, we considered 116 reed warblers [37
adults (17 females and 20 males); 79 immatures
(40 females and 39 males)] and 104 sedge warblers [25 adults (15 females and 10 males); 79
immatures (39 females and 40 males)] in the
study.
Prevalence of blood parasites was defined as
the percentage of infected individuals among the
birds sampled. To test whether haemoparasites
prevalence differed among the species, age and
sex groups, we used χ2-test with Yates’ correction
when sample size for a given category was < 10.
We examined relationships between leukocyte profiles and parasite presence using general
linear models (GLMs). Before the analyses, we
normalized all leukocyte parameters using an
arcsin square-root transformation (Zar 1999).
However, we used raw data to present a reference values for the leukocyte parameters in the
birds examined (Fig. 1). We performed separate
analyses for each leukocyte parameter (dependent variable) with parasites infection as fixed factors. Since species, age and sex might also influence the leukocyte profile, these variables (fixed
factors) as well as their interaction with parasite
infection were included in the models. We used
sums of squares of type III in all analyses. The
models were well-adjusted to relative counts of
heterophils (r2 = 0.84) and lymphocytes (r2 =
0.89), H/L ratio (r2 = 0.89), as well as counts of
heterophils (r2 = 0.85), lymphocytes (r2 = 0.41)
and leukocytes (r2 = 0.81) per 10 000 erythrocytes but not to relative counts of basophiles
(r2 = 0.05), eosinophils (r2 = 0.04) and monocytes (r2 = 0.06). Therefore, we presented results
of the analyses only for well-adjusted models.
Since the leukocyte parameters were found to be
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Fig. 1. Relative heterophils and lymphocytes counts and H/L ratios (mean and 95% confidence intervals) of adult
and immature reed and sedge warblers (both species combined) in respect to their blood parasite status. Numbers
above the bars denote sample size.

related only to parasite infection and age (GLM
analyses; Table 1), we pooled data for both species and sexes together when comparing the
leukocyte parameters between infected and noninfected birds in both age groups with Student’s
t-test.

Results
In total, we found blood parasites in 24 (11%) of
220 sampled individuals of reed and sedge warblers. We detected three genera of blood parasites, Haemoproteus sp. (most frequent: 71% of
24 infected individuals), Hepatozoon sp. (42%),
and Leucocytozoon sp. (least frequent: 8%). In
five cases, we recorded mixed infection (one
case of Haemoproteus sp. ¥ Leucocytozoon sp.
and four cases of Haemoproteus sp. ¥ Hepatozoon sp.). Prevalence of blood parasites was similar in reed (12%) and (10%) sedge warblers (χ21
= 0.27, p = 0.60). In both species, prevalences
of blood parasites were significantly higher in
adults (32% and 24% in reed and sedge warblers,
respectively) than immatures (3% in reed warblers: χ21 = 13.20, p < 0.001; and 5% in sedge
warblers: χ21 = 4.28, p = 0.04). Females (both
age groups combined) were more frequently
infected with blood parasites than males both
in reed (19% vs. 9%, respectively) and sedge
warblers (17% vs. 4%, respectively), but the sex
differences were not significant (reed warblers:
χ21 = 0.85, p = 0.36; sedge warblers: χ21 = 2.36,
p = 0.12).

We found that leukocyte profiles were significantly affected by parasite infection, age of birds
and an interaction among those two variables
(GLM analyses, Table 1). In adults, as compared
with non-infected birds, infected individuals had
elevated relative numbers of heterophils (t-test:
t60 = –18.41, p < 0.001) but lowered relative
numbers of lymphocytes (t60 = 26.21, p < 0.001;
Fig. 1). Infected adults also had a higher H/L
ratio (t60 = –25.77, p < 0.001; Fig. 1), as well as
total heterophil (t60 = –27.86, p < 0.001), total
lymphocyte (t60 = –11.94, p < 0.001) and total
leukocyte (t60 = –30.68, p < 0.001) numbers than
non-infected ones. Similarly in immatures, as
compared with non-infected birds, infected ones
had elevated relative heterophils (t156 = –7.26, p
< 0.001) but lowered relative lymphocytes (t156 =
8.62, p < 0.001; Fig. 1). In immatures, infected
individuals also had a higher H/L ratio (t156 =
–10.47, p < 0.001; Fig. 1), as well as total heterophil (t156 = –9.60, p < 0.001) total lymphocyte
(t156 = –4.41, p < 0.001) and total leukocyte (t156
= –9.20, p < 0.001) numbers than non-infected
individuals.
We found no significant age-related differences in the leukocyte profiles within infected
individuals (t-test, relative heterophils: t22 =
–2.02, p = 0.06; relative lymphocytes: t22 = 1.51,
p = 0.14; H/L ratio: t22 = –1.98, p = 0.06; Fig. 1;
and total heterophils counts: t22 = –0.66, p = 0.52;
total lymphocytes counts: t22 = 0.41, p = 0.69 and
total leukocytes counts: t22 = –0.28, p = 0.78).
However, in non-infected birds, adults as compared with immatures had significantly lower
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tool in avian ecology and immunoecology
(reviewed in Davis et al. 2008). However, when
considering values of haematological parameters, rarely blood-parasite status of birds is considered and if so, usually lack of significant relationship between the two variables is reported
(e.g. Nazifi et al. 2008, Krams et al. 2010,
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numbers revealed in the present study might be
a response to infection. Similar effect of parasite infection on such parameters was found in
the great tit (Parus major) (Ots & Hõrak 1998).
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thought to proliferate mainly during bacterial
infection (Fudge 1989, Harmon 1998). It is possible that parasite infections are associated with
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(Harmon 1998). Such an explanation for elevated heterophils number in birds was also proposed by Fokidins et al. (2008). Alternatively,
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more susceptible to the parasite infection.
Parasite infection was also associated with
an increase in relative numbers of heterophils
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non-infected adults had a lower H/L ratio (t194
= –35.41, p < 0.001; Fig. 1), total heterophils
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–21.03, p < 0.001) than non-infected immatures.
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Table 1. The effects of species (reed and sedge warbler), age (immatures, adults), sex (M, F) and parasite presence on the relative heterophils, relative lymphocytes, and
H/L ratio, total heterophils, total lymphocytes and total leukocytes counts per 10 000 erythrocytes (GLM analyses on arcsin-transformed data).
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of lymphocytes. These opposite changes resulted
in an elevated H/L ratio in the infected birds,
which suggests their higher stress level as compared with that of the non-infected individuals.
It has recently been reported that parasite infection by itself might be a source of natural stress
(Müller et al. 2011). Thus, birds infected with
parasites might indeed experience an increase of
stress level. We cannot also exclude an alternative explanation, that initially more stressed birds
could be more susceptible to parasite infection.
All birds were captured during migration and so
assumed to have elevated stress level (see above),
but the phase of individuals’ migration as well as
their body condition might be different, and so
might parasite susceptibility.
Most interestingly, we showed that leukocyte profiles of parasitized birds were similarly
elevated regardless of age. Non-infected adults
had lower values of H/L and total leukocyte
counts than non-infected immatures. One possible explanation of the pattern observed between
the age groups in parasite-free individuals might
be differential costs associated with pathogenic
challenge in adults and juveniles. Since a major
part of the immunity is acquired, infection might
therefore be disproportionately costly for juveniles (e.g. van Oers et al. 2010). Indeed, results
of the study on the Seychelles warbler (Acrocephalus sechellensis) suggest that negative
effects of parasitemia are more pronounced in
younger birds (van Oers et al. 2010). Hence,
all numbers of leukocytes may constantly be
elevated in immature birds, ready for potential pathogenic challenge. Elevated stress level
in juvenile birds during migration might also
result from less experience during migration.
First-time migrants would be less efficient in
habitat selection, foraging, navigating, etc. than
experienced birds, and this might lead to higher
stress levels during migration. Furthermore, the
increased H/L ratio in immatures birds at a
stopover sites might be associated with the stress
related to competition with more experience and
efficiently foraging adults of possibly higher
social status (Woodrey & Moore 1997).
Since we captured the birds in nets controlled every 1–1.5 h, we were not able to measure
the exact time between the capture and blood
sampling. However, it is certain that the time the
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birds were waiting for their blood to be taken
was at the most 1–1.5 h. Davis (2005) showed
that although the relative number of each leukocyte type was similar over 1 hour of capture, the
total count of leukocytes changed significantly
in the same time. Even more rapid changes in
the total counts of leukocytes was reported by
Cirule et al. (2012). That context might raise a
concern about the results obtained in the present
study. However, as stated earlier the blood samples were taken no longer than 1–1.5 h after the
birds were caught. Had that maximum sampling
time occured frequently, we should have found a
considerable variance in the data set and that was
not the case (see range of the confidence intervals, Fig. 1). Moreover, had the time affected the
leukocyte parameters, we would have observed
a blurred pattern of the relationship between the
parasites and leukocyte profile, if any pattern
at all. Finally, even if the time had affected the
blood parameters, it should have worked in the
similar manner in the birds of different age, sex
and parasite status.
It is worth to mention that both reed and
sedge warbler adults were more frequently
infected with blood parasites than immature
birds. Similar results were reported for the reed
warbler from Portugal (Ventim et al. 2012).
Also, for other avian species such age-related
pattern of parasite infection was reported and it
is often explained by a longer period of exposure to parasites (e.g. Allander & Bennet 1994,
Merilä et al. 1995, Dale et al. 1996, Pawełczyk
et al. 2003). On the other hand, Fernandez et al.
(2010) did not find age differences in prevalence
of haemosporidians in reed and sedge warblers
caught during migration in Spain. The differences between the two studies are difficult to
explain, however, one could speculate that the
warm climate of western Spain (Fernandez et
al. 2010), where parasite vectors are presumably
more abundant, leads to rapid infection. In colder
climates of northern Poland, with possibly lower
abundance of vectors, longer period of exposure
could be needed for birds to become infected.
Finally, prevalence of blood parasites in reed
and sedge warblers recorded in the present study
was relatively low (12% and 10%, respectively),
particularly as compared with the values reported
for the same two species breeding and migrating
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through western Spain (85% and 72%, respectively; Fernandez et al. 2010). That, together
with some other studies reporting parasitemia
in reed [10%–15% in Bulgaria (Shurulinkov &
Chakarov 2006); 33% in Portugal (Ventim et al.
2012)] and sedge warblers [9% in Bulgaria (Shurulinkow & Golemansky 2003), 19%–37% in
the UK (Bench et al. 1999), and 62% in Poland
(Kruszewicz & Dyrcz 2000)] shows a considerable geographic variation in prevalence of blood
parasite in the two warbler species. Variability
in prevalence of haemoparasites, both on large
and small scales, was reported in many other
species (Sol et al. 2000, Bensch & Åkesson
2003, Martinsen et al. 2008, Fokidis et al. 2008).
These apparent differences among the studies
may arise from differences in habitat conditions,
bird communities (presence of alternative host
species), as well as vector abundance and activity (Pérez-Tris & Bensch 2005). On the other
hand, in contrast to the present study, most of
the studies reporting prevalence of heamoparasites in Acrocephalus warblers were carried out
during the breeding season. There is some evidence that seasonality may affect the parasite
prevalence. For example, Deviche et al. (2001)
showed lower parasitemia in dark-eyed junco
(Junco hyemalis) during migration as compared
with the breeding period.
In conclusion, we found that leukocytes profiles to be significantly related to parasite infection in the two species of passerines. However,
it is still not clear which physiological processes are behind those observed differences. That
highlights a great need for both comparative
and experimental studies investigating a causal
mechanism of the pattern observed.
Acknowledgments
Study was performed under permission of the local Animal
Research Authority and Provincial Nature Protection Bureau.
Study was supported by the grant from the University of
Gdańsk (BW/L 120-5-0373-8). We thank Anna Kośmicka
and Magdalena Hadwiczak for their voluntary help during
the field work, and ringers: Dr. Czesław Nitecki, Dr. Beata
Michno, Jakub Typiak and volunteers who worked in the
field. Thanks also go to Magdalena Dudek and Agnieszka
Szafko for their help in the lab work with molecular sexing.
We appreciate valuable comments of two anonymous reviewers and the improvements of English made by Peter Senn.

347

References
Allander, K. & Bennet, G. F. 1994: Prevalence and intensity
of haematozoan infection in a population of great tits
Parus major from Gotland, Sweden. — Journal of Avian
Biology 25: 69–74.
Bensch, S. & Åkesson, S. 2003: Temporal and spatial variation of hematozoans in Scandinavian willow warblers.
— Journal of Parasitology 89: 388–391.
Bennett, G. F., Parsons, D. S., Siikamäki, P., Huhta, E.,
Allander, K. & Hillström, L. 1995: A comparison of the
blood parasites of Fennoscandian populations of the pied
flycatcher Ficedula hypoleuca. — Journal of Avian Biology 26: 33–38.
Bonier, F., Martin, P. R., Sheldon, K. S., Jensen, J. P., Foltz,
S. L. & Wingfield, J. C. 2007: Sex-specific consequences
of life in the city. — Behavioral Ecology 18: 121–129.
Bosch, M., Figuerola, J., Cantos, F. J. & Velarde, R. 1997:
Intracolonial differences in the infestation by Haemoproteus lari on yellow-legged gulls Larus cachinans. —
Ornis Fennica 74: 105–112.
Campbell, T. W. 1995: Avian hematology and cytology. —
Iowa State University Press, Ames, Iowa.
Cirule, D., Krama, T., Vrublevska J., Rantala, M. J. & Krams,
I. 2012: A rapid effect of handling on counts of white
blood cells����������������������������������������������
in
���������������������������������������������
a wintering passerine bird: a more practical measure of stress? — Journal of Ornithology 153:
161–166.
Cramp, S. 1998: The complete birds of the Western Palearctic on CD-ROM. — Oxford University Press.
Dale, S., Kruszewicz, A. & Slagsvold, T. 1996: Effects of
blood parasites on sexual and natural selection in the
pied flycatcher. — Journal of Zoology London 238:
373–393.
Davis, A. K. 2005: Effects of handling time and repeated
sampling on avian white blood cell counts. — Journal of
Field Ornithology 76: 334–338.
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.
Dein, J. 1986: Hematology. — In: Harrison, G. J. & Harrison, W. R. (eds.), Clinical avian medicine: 174–191.
Saunders, London.
Deviche, P., Greiner, E. C. & Manteca, X. 2001: Seasonal and
age-related changes in blood parasite prevalence in Dark
-eyed Juncos (Junco hyemalis, Aves, Passeriformes). —
Journal of Experimental Zoology 289: 455–456.
Deviche, P., McGraw, K. & Greiner, E. C. 2005: Interspecific
differences in hematozoan infection in Sonoran Desert
Aimophila sparrows. — Journal of Wildlife Disease 41:
532–541.
Dufva, R. & Allander, K. 1995: Intraspecific variation in
plumage coloration reflects immune response in great
tit (Parus major) males. — Functional Ecology 9:
785–789.

348

Wojczulanis-Jakubas et al. •

Eeva, T., Hasselquist, D., Langefors, A., Tummeleht, L.,
Nikinmaa, M. & Ilmonen, P. 2005: Pollution related
effects on immune function and stress in a free-living
population of pied flycatcher Ficedula hypoleuca. —
Journal of Avian Biology 36: 405–412.
Fernández, M., Rojo, Á., Casanueva, P., Carrión, S., Hernández, Á. & Campos, F. 2010: High prevalence of haemosporidians in reed warbler Acrocephalus scirpaceus and
sedge warbler Acrocephalus schoenobaenus in Spain.
— Journal of Ornithology 151: 27–32.
Fokidis, H. B., Greiner, E. C. & Deviche, P. 2008: Interspecific variation in avian blood parasites and haematology
associated with urbanization in a desert habitat. — Journal of Avian Biology 39: 300–310.
Fudge, A. M. 1989: Avian hematology: identification and
interpretation. — Proceedings of Association of Avian
Veterinary Annual Meeting: 284–292.
Griffiths, R., Double, M. C., Orr, K. & Dowson, R. J. 1998:
A DNA test to sex most birds. — Molecular Ecology 7:
1071–1075.
Gross, W. B. & Siegel, H. S. 1983: Evaluation of the heterophil/lymphocyte ratio as a measure of stress in chickens.
— Avian Disease 27: 972–979.
Harmon, B. G. 1998: Avian heterophils in inflammation and
disease resistance. — Poultry Science 77: 972–977.
Hawkey, C., Samour, H. J., Henderson, G. M. & Hart, M.
G. 1985: Haematological findings in captive gentoo
penguins (Pygoscelis papua) with bumblefoot. — Avian
Pathology 14: 251–256.
Hudson, P. J. & Dobson, A. P. 1997: Host-parasite processes
and demographic consequences. — In: Clayton, D. H. &
Moore, J. (eds.), Host–parasite evolution: general principles and avian models: 128–154. Oxford University
Press, Oxford.
Jakubas, D. & Wojczulanis-Jakubas, K. 2010: Sex- and agerelated differences in the timing and body condition of
migrating reed warblers Acrocephalus scirpaceus, and
sedge warblers Acrocephalus schoenobaenus. — Naturwissenschaften 97: 505–511.
Krams, I., Cirule, D., Krama, T., Hukkanen, M., Rytkönen,
S., Orell, M., Iezhova, T., Rantala, M. & Tummeleth, L.
2010: Effects of forest management on haematological
parameters, blood parasites, and reproductive success of
the siberian tit (Poecile cinctus) in northern Finland. —
Annales Zoologici Fennici 47: 335–346.
Kruszewicz, A. G. & Dyrcz, A. 2000: Hepatozoon kabeeni
n. sp. (Protozoa: Apicomplexa; Hemogregarina) from
the sedge warbler, Acrocephalus schoenobaenus (Aves:
Passeriformes). — Wiadomości Parazytologiczne 46:
507–510.
Martinsen, E. S., Blumberg, B. J., Eisen, R. J. & Schall, J. J.
2008: Avian hemosporidian parasites from northern California oak woodland and chaparral habitats. — Journal
of Wildlife Disease 44: 260–268.
Maxwell, M. H. 1987: The avian eosinophil: a review. —
Worlds Poultry Science Journal 43: 190–207.
Maxwell, M. H. 1993: Avian blood leucocyte responses to
stress. — Worlds Poultry Science Journal 49: 34–43.
Maxwell, M. H. & Robertson, G. W. 1998: The avian heterophil leucocyte: a review. —Worlds Poultry Science

ANN. ZOOL. FENNICI Vol. 49

Journal 54: 155–178.
McCurdy, D. G., Shutler, D., Mullie, A. & Forbes, M. R.
1998: Sex-biased parasitism of avian hosts: relations to
blood parasite taxon and mating system. — Oikos 82:
303–312.
Merilä, J., Björklund, M. & Bennett, G. F. 1995: Geographic
and individual variation in haematozoan in fections in
the greenfinch, Carduelis chloris. — Canadian Journal
of Zoology 73: 1798–1804.
Müller, C., Jenni-Eiermann, S. & Jenni, L. 2011: Heterophils/lymphocytes-ratio and circulating corticosterone
do not indicate the same stress imposed on Eurasian
kestrel nestlings. — Functional Ecology 25: 566–576.
Nazifi, S., Razavi, S. M., Yavari, F., Rajaifar, M., Bazyar, E.
& Esmailnejad, Z. 2008: Evaluation of hematological
values in indigenous chickens infected with Plasmodium
gallinaceum and Aegyptianella pullorum. — Comp����
arative Clinical Pathology 17: 145–148.
Ots, I. & Hõrak, P. 1998: Health impact of blood parasites in
breeding great tits. — Oecologia 116: 441–448.
Owen, J. C. & Moore, F. R. 2006: Seasonal differences in
immunological condition of three species of thrushes. —
Condor 108: 389–398.
Pawełczyk, A., Gryczyńska, A. & Mazgajski, T. D. 2003:
Parasites of chaffinch (Fringilla coelebs) population.
Part II. Blood parasites. — Wiadomości Parazytolo�����������
giczne 49: 31–38.
Pérez-Tris, J. & Bensch, S. 2005: Dispersal increases local
transmission of avian malarial parasites. — Ecological
Letters 8: 838–845.
Rose, E. M., Hesketh, P. & Ogilvie, B. M. 1979: Peripheral
blood leukocyte response to coccidial infection: a comparison of the response in rats and chickens and its correlation with resistance to reinfection. — Immunology
36: 71–79.
Salvante, K. G. 2006: Techniques for studying integrated
immune function in birds. — The Auk 123: 575–586.
Shurulinkov, P. & Chakarov, N. 2006: Prevalence of blood
parasites in different local populations of reed warbler
(Acrocephalus scirpaceus) and great reed warbler (Acrocephalus arundinaceus). — Parasitological Research
99: 588–592.
Shurulinkow, P. & Golemansky, V. 2003: Plasmodium and
Leucocytozoon (Sporozoa: Haemosporida) of wild birds
in Bulgaria. — Acta Protozoologica 42: 205–214.
Shutler���������������������������������������������������
, D., Lowe�����������������������������������������
���������������������������������������������
, A. G. & �������������������������������
Robinson�����������������������
, S. R. 2010: Relation���������
ships between circulating leucocytes and Leucocytozoon simondi in mallard, Anas platyrhynchos, ducklings.
— Comparative Biochemistry and Physiology A 156:
46–49.
Sol, D., Jovani, R. & Torres, J. 2000: Geographical variation
in blood parasites in feral pigeons: the role of vectors. —
Ecography 23: 307–314.
Svensson, L. 1992: Identification guide to European passerines. — Published by the author, Stockholm.
Valkiunas, G. 2005: Avian malaria parasites and other haemosporidia. — CRC Press, Boca Raton, Florida.
van Oers, K., Richardson, D. S., Sæther, S. A. & Komdeur, J.
2010: Reduced blood parasite prevalence with age in the
Seychelles warbler: selective mortality or suppression of

ANN. ZOOL. FENNICI Vol. 49

•

Blood parasites and leukocytes in reed and sedge warblers

infection? — Journal of Ornithology 151: 69–77.
Ventim, R., Tenreiro, P., Grade, N., Encarnação, P., Araújo,
M., Mendes, L., Pérez-Tris, J. & Ramos, J. A. 2012:
Characterization of haemosporidian infections in warblers and sparrows at south-western European reed beds.
— Journal of Ornithology 153: 505–512.
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:

349

392–400.
Weatherhead, P. J. & Bennett, G. F. 1991: Ecology of redwinged blackbird parasitism by haematozoa. — Canadian Journal of Zoology 69: 2352–2359.
Woodrey, M. S. & Moore, E. R. 1997: Age-related differences 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/

