
Ann. Zool. Fennici 47: 335–346	 ISSN 0003-455X (print),  ISSN 1797-2450 (online)
Helsinki 29 October 2010	 © Finnish Zoological and Botanical Publishing Board 2010

Effects of forest management on haematological 
parameters, blood parasites, and reproductive success 
of the Siberian tit (Poecile cinctus) in northern Finland

Indrikis Krams1,*, Dina Cīrule1, Tatjana Krama1,2, Markku Hukkanen3,
Seppo Rytkönen3, Markku Orell3, Tatjana Iezhova4, Markus J. Rantala5 &
Lea Tummeleht6

1)	 Institute of Systematic Biology, University of Daugavpils, LV-5401 Daugavpils, Latvia 
(*corresponding author’s e-mail: indrikis.krams@biology.lv)

2)	 Institute of Ecology and Earth Sciences, University of Tartu, EE-51014 Tartu, Estonia
3)	Department of Biology, FI-90014 University of Oulu, Finland
4)	 Institute of Ecology, University of Vilnius, LT-08412 Vilnius, Lithuania
5)	Department of Biology, FI-20014 University of Turku, Finland
6)	Estonian Veterinary and Food Laboratory, EE-51006 Tartu, Estonia

Received 7 Jan. 2010, revised version received 5 July 2010, accepted 29 July 2010

Krams, I., Cīrule, D., Krama, T., Hukkanen, M., Rytkönen, S., Orell, M., Iezhova, T., Rantala, M. J. 
& Tummeleht, L. 2010: Effects of forest management on haematological parameters, blood para-
sites, and reproductive success of the Siberian tit (Poecile cinctus) in northern Finland. — Ann. 
Zool. Fennici 47: 335–346.

This study aims to investigate whether forest management has an effect on reproduc-
tion, haematological parameters and blood parasites of breeding Siberian tits Poecile 
cinctus. Birds breeding in heavily managed forests had significantly higher heterophil 
and lower lymphocyte concentrations and a higher heterophil/lymphocyte (H/L) 
ratio than those breeding in moderately managed forests. Although this suggests the 
increased level of physiological stress in Siberian tits breeding in heavily managed for-
ests, reproductive parameters of the birds did not differ between the two habitats. Nest-
lings in moderately managed forests had higher total leukocyte and lymphocyte counts 
than nestlings in heavily managed habitat. The total count of parasites and Leucocy-
tozoon majoris was significantly higher near streams, while the count of Plasmodium 
circumflexum was higher both near streams and lakes. Although blood parasites were 
detected in the blood of 80% adult birds, this study did not reveal any parasite-related 
effects on haematological parameters.

Introduction

Free-living organisms face a number of stressors 
which affect their reproductive potential and 
survival (Ots et al. 1998, Tummeleht et al. 2006, 
Catoni et al. 2008). A cornerstone concept of 

ecological immunology is that immune function, 
plays a central role in the life-history trade-offs 
between survival and reproduction (Sheldon & 
Verhulst 1996, Schalk & Forbes 1997, Zuk & 
Stoehr 2002). Excessive investment in reproduc-
tion may result in parental starvation, physical 
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exhaustion, and susceptibility to predation (Lima 
& Dill 1990) or parasites (Gustafsson et al. 
1994). The cost of reproduction is often passed 
on to offspring because of lower per-capita 
investment in offspring provisioning, which may 
reduce nestling growth rates, increase competi-
tion among siblings, lower fledging body weight 
as well as investment in immunity (Nilsson & 
Gardmark 2001, Pap & Márkus 2003).

Destruction of habitats is considered to be the 
most important factor causing the current species 
extinction (Fortuna & Bascompte 2006), because 
habitat loss that is deleterious to populations 
may have a threshold level, below which the 
population goes extinct. Around the globe, previ-
ously continuous forests have been turned into 
managed forests, where small forested patches 
are usually separated by clear-cuts and young 
successional forests (Gustafsson & Parker 1992). 
These changes may result in food shortage for 
animals (Zanette et al. 2000, Krams et al. 2001). 
Lack of food may cause chronic physiological 
stress in individuals (Romero & Wikelski 2001) 
which often results in suppressed growth and 
immune system, decreased resistance against 
diseases (Suorsa et al. 2003), all of which may 
decrease the survival and reproduction of indi-
viduals (Wasser et al. 1997, Romero & Wikelski 
2001, Griesser et al. 2007). To describe the 
environmental effects on different aspects of an 
individual’s physiology and reproductive output, 
it is necessary to use condition indices that can 
be easily measured in free-living birds (Ots et al. 
1998, Kilgas et al. 2006, Tummeleht et al. 2006, 
Mänd et al. 2007, Davis et al. 2008).

The Siberian tit (Poecile cinctus), a small 
insectivorous passerine, is a keystone species in 
northern taiga forest. It occurs mainly in conifer-
ous forests up to the timber line in conditions 
which are tolerated by very few bird species 
(Virkkala & Liehu 1990, Sekov & Germog-
enov 2006). During the past decades, the old, 
natural forests had decreased in area and become 
fragmented, and the population of the Siberian 
tit had dropped significantly (Järvinen 1982, 
Virkkala 1987, Veistola et al. 1997). It has been 
shown that the apparent population decline of 
Siberian tits resulted from the loss of high-qual-
ity wintering and breeding habitats (Virkkala & 
Liehu 1990, Niemi et al. 1998). The Siberian 

tit is a foliage gleaner (Virkkala 1988), and 
therefore the forest structure is essential for its 
survival and reproduction. Since the Siberian tit 
is among those birds which remain true to their 
hatching area, it makes this species an excel-
lent model for studies testing the relationships 
between various fitness traits, individual health 
indices, and changes in habitat quality on a local 
and population-wide scale.

Our study focused on Siberian tits during 
the nestling period in managed and semi-natural 
taiga forests in northern Finland. Our aim was 
to investigate the reproductive success of these 
birds and its association with several haemato-
logical condition indices as well as composi-
tion, prevalence (proportion of infected individu-
als) and parsitemias (the intensity of infection) 
of blood parasites. In habitats deteriorated by 
extensive forestry we expected higher indices 
of stress in adults and nestlings as well as lower 
reproductive success. We also tested whether the 
prevalence of blood parasites and intensity of 
infections differs between habitats, and whether 
the parasite load affects the function of the 
immune system as indicated by the inflammation 
response.

Material and methods

Study site, study animals, and habitat 
quality

Our study was conducted in 2007 in the vicinity 
of Kuusamo (66°N, 29°E) in northern Finland. 
The dominant tree species in the area is the Scots 
pine Pinus sylvestris which on sandy spoils 
may occur in mixed stands with the Norway 
spruce Picea abies and on peat spoils with the 
Downy birch Betula pubescens. Siberian tits 
bred in wooden nest-boxes arranged in lines. 
All the nest-boxes were checked for several 
times during breeding season within a long term 
project carried out by the University of Oulu 
investigating the ecology of Siberian tits. The 
total size of our study area was about 100 km2. 
Nest-boxes were checked by MH every third 
day in order to record basic breeding parameters 
such as clutch size, brood size and the number 
of fledglings. Breeding adult Siberian tits were 
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captured within their nest boxes (n = 23) from 
17 June to 21 June 2007 when their nestlings 
were at the age of 9–12 days and reaching their 
maximum rate of growth. Nest boxes containing 
younger (1–5 days old) blind nestlings were not 
included in this study. No nests were deserted 
due to our activities. All of the breeding indi-
viduals were banded with metal and individual 
plastic rings. Sex and age of marked birds was 
known from previous seasons or was accessed 
by the presence of incubation patch in females.

We studied Siberian tits in two main patches 
of northern taiga which differed in structure 
and conservation status due to management 
practices: (i) moderately managed forests, and 
(ii) heavily managed areas. The heavily man-
aged areas had been thinned heavily, leaving 
only middle-sized 40–60 years old pines with 
no understorey. The moderately managed areas 
included both areas thinned at least a decade 
ago and patches of old growth coniferous forests 
(Virkkala 1990) consisting of pines, spruces and 
an admixture of birches. The moderately man-
aged forests (n = 12) also comprised many dead 
trees which increased the quality of habitat for 
Siberian tits (Virkkala 1990, Orell et al. 1999) 
while dead trees were almost absent in the heav-
ily managed forests (n = 11). Both habitat types 
were represented by forest massives or patches 
of at least 45 ha in size. Due to the low density 
of Siberian tits, the nest boxes occupied by the 
birds were at least 1 km apart, and we never used 
more than one nest box in the same forest mas-
sive or patch. Since the distribution of Siberian 
tits was uneven because of clear-cut areas, bogs 
and agricultural land, and the average distance 
between two neighbouring nest boxes was 3.94 
± 1.56 (mean ± SE) km, we considered each 
nest box as an independent data point. All of the 
spatial data were collected by GPS (Global Posi-
tioning Systems, Trimble).

Haematological parameters

The blood samples were taken from 45 Siberian 
tits (23 males and 22 females) by following the 
recommendations of Bennett (1970). For identi-
fication of blood parasites and leukocytes, from 
each individual Siberian tit a drop of blood was 

obtained by puncturing the tarsal vein and then 
smeared on three individually marked micro-
scope slides. The blood samples were also taken 
from nestlings in both habitats. We randomly 
selected 1–3 nestlings in each nest box and 
obtained samples from 25 nestlings in the mod-
erately managed habitat and from 26 individuals 
in the heavily depleted habitat.

Smears were air-dried in the field and imme-
diately fixed with methanol and subsequently 
stained using Gimsa stain. Proportions of dif-
ferent types of leukocytes were assessed on the 
basis of examination of a total of 100 leukocytes 
from each of the three slides under oil immersion 
at 1000¥ magnification. The total white blood 
cell count (WBC) was estimated by counting the 
number of leukocytes per approximately 10 000 
erythrocytes (Ots et al. 1998). For this purpose, 
all leukocytes were counted in 100 microscope 
fields, counting both leukocytes and erythro-
cytes. Concentration of leukocytes per number 
of red blood cells was obtained by multiplying 
proportions of different leukocytes with WBC. 
The repeatability of leukocyte concentrations 
obtained from repeated scannings of the same 
blood smear by DC and TK were high (r = 0.92, 
0.91, 0.90, and 0.89 for heterophil concentration, 
heterophil/lymphocyte (H/L) ratio, WBC, and 
lymphocyte concentration, respectively; all p’s < 
0.001). Similar methods for estimating leukocyte 
concentration have been used by Saino et al. 
(1997).

Total white blood cell count (WBC) is the 
number of leukocytes per approximately 10 000 
erythrocytes. Elevated leukocyte number is 
symptomatic of stress syndrome and inflamma-
tory processes (Davis et al. 2008). Usually, leuko-
cytosis is caused by an elevated concentration of 
heterophils and/or lymphocytes (Dein 1986, Ots 
et al. 1998). Lymphocytes are immune cells that 
assist in the recognition and destruction of many 
types of pathogens. The lymphocyte concentra-
tion in peripheral blood can be used as an indirect 
measure of cell-mediated immunity (Davis et al. 
2008, Fahey & Cheng 2008). Although some-
times its value is difficult to interpret, decreased 
lymphocyte concentrations may signal stress-
induced immunosupression (Hõrak et al. 1999), 
or may indicate the lack of parasite infections 
(Ots & Hõrak 1998). Heterophils are non-specific 
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phagocytosing cells that enter the tissues during 
inflammatory processes. The production of reac-
tive oxidants by heterophils during inflammation 
can be harmful to host tissues (Davis et al. 2008). 
Heterophil concentrations increase during inflam-
matory processes, stress and infections (Ots et 
al. 1998). The heterophil/lymphocyte ratio (H/L 
ratio) is a widely used indicator of stress and it 
increases in response to various stressors like 
infectious diseases, starvation and reproductive 
effort (Ots & Hõrak 1998, Moreno et al. 2002, 
Davis et al. 2008). Eosinophil number increases 
sharply in certain diseases (Davies et al. 2008). 
Eosinophils are cytotoxic, releasing the content 
of their granules on the invader.

In this study, we did not collect any data on 
the wing and tarsus lengths of adult Siberian 
tits. Since we also did not analyze bird blood for 
hematocrit and such haemato-serological indices 
as total plasma protein, triglycerides, free fatty 
acids, uric acid and plasma carotenoids, we have 
no data on an individual body condition of Sibe-
rian tits (Ots & Hõrak 1998).

Blood parasites

After being scanned for total number and pro-
portion of different types of leukocytes, smears 
were screened with a light microscope under oil 
immersion at 1000¥ magnification for Haema-
proteus and Plasmodium and at 500¥ magni-
fication for Leucocytozoon, Trypanosoma and 
Microfilaria. Parasites were enumerated from 
100 fields by moving the slide to areas where 
blood cells formed a monolayer for Lecocyto-
zoon and from more than 200 fields for Haema-
proteus and Plasmodium. Slides were screened 
by T.K. and T.I. Individuals were classified as 
infected when smears were positive for at least 
one hemoparasite taxon.

Statistical analysis

Values of blood cell concentrations in nestlings 
were not distributed normally and were log-
transformed. All other trait values such as blood 
cell concentrations of adult birds and parasite 
counts were normally distributed (one-sample 
Kolmogorov-Smirnov test) which allowed us to 
use parametric statistical procedures.

Leukocyte concentrations and parasites loads 
in male and female Siberian tits in both habitats 
were analysed by using GLM models. The inclu-
sion of number of nestlings as a covariate in the 
models did not change the results and, since that 
covariate itself remained always non-significant, 
we dropped it from final models. In our study, 
most of the birds in moderately (10 males and 
11 females) and in heavily managed habitats (9 
males and 11 females) were yearling individu-
als, thus we did not investigate any age-related 
effects. While collecting blood smears from 
nestlings, we occasionally sampled more than 
one nestling per a nest. To avoid pseudoreplica-
tion we analyzed the data with a mixed-model 
design with habitat as fixed factor and nest iden-
tity as random factor.

Results

Reproductive success

We did not find any differences between mod-
erately (n = 12) and heavily managed habitats 
(n = 11) in the clutch size, number of nestlings 
and number of fledglings (Table 1). In the heav-
ily managed habitat one nest box was destroyed 
by local people, and nestlings starved or froze to 
death in another nest box, while in the moder-
ately managed habitat nestlings starved or froze 
to death in one nest box and in another nest box 

Table 1. The reproductive success of pairs of Siberian tits breeding in moderately managed (n = 12) and heavily 
managed forests (n = 11).

	 Eggs	 Nestlings	 Fledglings
	 	 	
Habitat	 Mean	 SD	 df	 F	 p	 Mean	 SD	 df	 F	 p	 Mean	 SD	 df	 F	 p

Moderately managed	 8.50	 1.09	 1	 0.35	 0.56	 8.33	 0.98	 1	 0.31	 0.086	 6.92	 3.42	 1	 0.021	 0.89
Heavily managed	 8.50	 1.17				    8.25	 1.06				    6.83	 2.95



Ann. Zool. Fennici  Vol. 47  •  Effect of forest management on Siberian tit	 339

only two out of seven nestlings survived due 
to disappearance of the male. All these cases 
occurred during the last four to five days of the 
nestling phase.

Leukocytes of adults

The main effects of habitat, sex and total parasite 
count on the total counts of white blood cells 
were not significant indicating that the number 
of leukocytes was similar in Siberian tits breed-
ing in moderately managed and heavily managed 
forests (Tables 2 and 3). However, Siberian tits 
breeding in heavily managed forests had more 
heterophils than those breeding in moderately 
managed forests. Sex, total count of parasites, 
habitat and sex, habitat and parasite interac-
tions had no effect on heterophil concentrations 
(Table  3). Although lymphocyte concentrations 
differed between the two contrasting habitats 
(Table 2), we did not find a significant effect of 
sex, total parasite count, habitat and sex, habitat 
and parasite interactions (Table 3). However, 
the main effects of habitat and sex were highly 
significant on the H/L ratio. As a measure of 
environmental stress, this ratio was found to be 
higher in heavily managed habitats and it was 
significantly higher in females than in males 
(Tables 2 and 3). The habitat and sex interaction 
also was found to be highly significant on the 
H/L ratios (Table 3).

We found a significant difference in eosi-
nophil concentrations between habitats and sexes 
(Tables 2 and 3). We also found a significant 
habitat and sex interaction indicating sex-related 
differences in concentration of eosinophiles in 
different habitats. The concentration of eosi-
nophiles was found to be considerably higher in 
3 males and 1 female breeding in heavily man-
aged forest suggesting a possible effect of an 
infectious disease in these individuals.

Leukocytes of nestlings

Nestlings from moderately managed forest had 
significantly higher counts of white blood cells 
than nestlings from heavily managed forests 
(mixed-model ANOVA: F1,21 = 8.62, p = 0.008, Ta
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Fig. 1). Concentrations of lymphocytes was 
higher in nestlings from moderately managed 
habitat (mixed-model ANOVA: F1,21 = 9.27, p 
= 0.006, Fig. 2). Conversely, heterophil concen-
tration of nestlings (1.55 ± 0.88 vs. 1.21 ± 0.89 
log10(heterophils/104 erythrocytes, mean ± SD) 
and the nestling H/L ratio (–1.94 ± 0.85 vs. –1.95 
± 1.03 log10(H/L, mean ± SD) did not differ 
between the contrasting habitats (mixed-model 
ANOVA: F1,21 = 2.62, p = 0.12 for heterophil 
concentration, and F1,21 = 0.001, p = 0.99 for 
H/L).

Blood parasites

In our samples we found the following blood 
parasites: Leucocytozoon majoris, Plasmodium 
circumflexum, Trypanosoma spp., Haemapro-
teus majoris, Hepatozoon spp. (Table 4). The 
majority (n = 32) of the birds were infected by 
Leucocytozoon majoris and most of the infected 
individuals (26 out of 36 individuals) had single 
infections. In 6 cases, Siberian tits sustained 
double infections and triple infections in 4 cases 
(Table 4). Females and males did not differ in Ta
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Fig. 1. Box-and-whisker plot (thick bar = median, box 
= interquartile range, whiskers = full value range) of 
total counts of white blood cells of Siberian tit nestlings 
at the age of 9–12 days in moderately managed and 
heavily managed habitats.
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the levels of double (3 males and 3 females) 
and triple (2 males and 2 females) infections. 
Trypanosoma never occurred in single infections 
and in all cases (n = 9) they were found together 
with Leucocytozoon majoris suggesting the same 
vector for both parasites.

Blood parasites were detected in the blood of 
80% of 45 parent Siberian tits (36 infected and in 
9 individuals infections were undetected) while 
the level of parasitemia was low in all of our 
samples. Although among 36 infected birds there 
were 21 males (58.3%) and 15 females (41.7%), 
total parasite prevalence did not differ between 
sexes ( χ2 = 3.75, p = 0.11, Yate’s correction, 
Table 5). We did not detect blood parasites in 7 
females (77.8%) and in 2 males out of 9 individ-
uals (22.2%). However, this did not make sexes 
different with the respect to parasite absence 
because of 2 ¥ 2 table design where frequencies 
for male/female infected/undetected infections 
were tested.

A GLM analysis revealed that the total count 
of parasites, Leucocytozoon majoris and Plas-
modium circumflexum counts were not affected 
by habitat and sex (Table 5). However, the risk 
of being infected by Leucocytozoon significantly 
increased with the decreasing distance to the 
nearest stream (Table 5). We found the same 
effect in the case of the total parasite count, 
while the risk of infection by Plasmodium signif-
icantly increased with decreasing distance both 
to streams and lakes (Table 5). Other factors and 
their interactions did not have a significant effect 
on the total count of parasites and counts of 
Plasmodium and Leucocytozoon. The prevalence 
of Haemaproteus majoris, Trypanosoma spp and 
Hepatozoon spp. was too low to perform a GLM 
analysis.

Discussion

Despite the low sample size, which is a charac-
teristic of studies on the Siberian tit (e.g. Haftorn 
1973, Järvinen 1982, Virkkala 1990), our results 
clearly show that Siberian tits breeding in heav-
ily managed forests have a higher concentration 
of heterophils, lower lymphocyte concentrations 
(Fig. 2), higher stress-related H/L ratios and 
higher eosinophily (Table 2) than individuals 

breeding in moderately managed forests. While 
the elevated level of the H/L ratio serves as a 
reliable indicator of stress (Davis et al. 2008), 
higher eosinophily usually indicates a presence 
of infection diseases (Dein 1986). This shows 
that Siberian tits breeding in moderately man-
aged forests may be in a better health condi-
tion as compared with the individuals breeding 
in heavily managed forests, suggesting a link 
between habitat use and level of physiological 
stress. In this respect, our findings support the 
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Fig. 2. Box-and-whisker plot (thick bar = median, box 
= interquartile range, whiskers = full value range) of 
lymphocyte concentrations of nestlings of Siberian tits 
at the age of 9–12 days in moderately managed and 
heavily managed habitats.

Table 4. Prevalence of single, double and triple infec-
tions of blood parasites in Siberian tits regarding to 
individual’s sex.

Single/combined infections	 Males	 Females

Leucocytozoon	 13	 9
Trypanosoma spp.	 0	 0
Plasmodium circumflexum	 1	 1
Haemaproteus majoris	 0	 0
Hepatozoon spp.	 2	 0
Leucocytozoon ¥ Trypanosoma spp	 4	 1
Leucocytozoon
     ¥ Haemaproteus majoris	 0	 1
Leucocytozoon
     ¥ Trypanosoma spp.
     ¥ Plasmodium circumflexum	 1	 3
Total	 21	 15
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results of those few studies which used haema-
tological parameters to examine adult condition 
variation in relation to forest loss or fragmenta-
tion. These studies revealed a negative impact 
of habitat deterioration on a health condition 
and reproductive success of breeding individu-
als in areas affected by modern forestry (Saari 
et al. 1994, Suorsa et al. 2003, 2004). However, 
while heavily managed areas are supposed to be 
suboptimal habitat in terms of offspring produc-
tion, nesting success and fledgling size (Virkkala 
1990), we did not find significant differences in 
breeding success between Siberian tits breed-
ing in the moderately managed forests and the 
heavily managed forests (Table 1). This result 
could be explained by the fact that the climate 
conditions were rather mild and stable during the 
course of our study which supposedly reduced 
physiological stress and improved reproductive 
success in heavily managed habitats. However, 
we found that the condition of adult Siberian tits 
was passed on to offspring which resulted in a 
better condition of nestlings in moderately man-
aged habitat as indicated by higher lymphocyte 
concentration (Hõrak et al 1999). Overall, the 
results of this study show that Siberian tits have 
to sacrifice their health in order to reproduce 
in such sub-optimal habitat as highly managed 
forests (Wiersma et al. 2004) yet, at least in mild 
weather conditions, the lower habitat quality 
does not necessarily result in reduced reproduc-
tive success.

Higher stress-related H/L ratios, the increased 
eosinophily in adults and lower lymphocyte con-
centration in nestling Siberian tits in highly man-
aged forests might be due to lower availability 
of food resources in this habitat. Jansson et al 
(1981) and Krams et al. (2001) observed that for 

willow tits (Poecile montanus) and crested tits 
(Lophophanes cristatus) food abundance was 
crucial for winter survival, and that it also lim-
ited the size of the breeding population in spring. 
In the breeding season Siberian tits prefer areas 
having more birches and large coniferous trees 
(Virkkala & Liehu 1990) which were abundant 
in patches of moderately managed forests. These 
preferences are probably due to more arthropods 
available to the foliage-gleaning Siberian tit 
(Hågvar 1976, Virkkala 1988, Virkkala & Liehu 
1990). Since the winter and breeding densities 
of Siberian tits are low in managed pine forests 
(Virkkala 1987), it is possible that a year-round 
shortage of feeding resources restricts tits nest-
ing in heavily deteriorated forests. The future 
studies should deal with availability of food 
resources of Siberian tits and the role of food in 
the interplay among reproductive effort, adult 
physiological stress, nestling condition and sur-
vival under different climate conditions.

We found that the H/L ratio and eosinophils 
showed remarkable variation between sexes 
indicating different stress levels among males 
and females (Table 3). The H/L ratio of males 
was significantly higher in heavily managed 
forest than in moderately managed forests while 
the H/L ratio of females was found to be twofold 
higher than that of males in heavily managed 
forests (Table 2). Thus, females in this study 
seemed to be in a poorer health condition than 
males (Hõrak et al 1999, Ots et al. 1998). It 
is possible that these differences are related to 
egg laying and incubation costs in females, and 
that either different endocrine profiles between 
sexes or the greater contribution of females to 
offspring rearing are behind the observed sex 
differences in the H/L ratio (Sanz et al. 2000, 

Table 5. The effects of habitat, sex, distance to the nearest lake and distance to the nearest stream on the blood 
parasite abundance of breeding Siberian tits (GLM analysis). The closest distance from bogs and streams was cal-
culated by using GPS (Global Positioning Systems).

	 Total parasite count	 Leucocytozoon majoris	 Plasmodium circumflexum
	 	 	
	 df	 MS	 F	 p	 df	 MS	 F	 p	 df	 MS	 F	 p

Habitat	 1,13	 0.24	 0.59	 0.45	 1,13	 0.01	 0.11	 0.75	 1,13	 0.14	 3.69	 0.08
Sex	 1,13	 0.19	 0.45	 0.51	 1,13	 0.15	 1.14	 0.31	 1,13	 0.02	 0.58	 0.46
Distance to lake	 2,13	 0	 0.0001	 1.00	 2,13	 1.33	 2.69	 0.07	 2,13	 0.33	 8.67	 0.004
Distance to stream	 6,13	 1.56	 3.79	 0.02	 6,13	 1.71	 13.3	 0.001	 6,13	 0.22	 5.78	 0.004
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Visser & Lessells 2001, Wingfield & Kitaysky 
2002, Kilgas et al. 2006). The reason for the ele-
vated concentration of eosinophils found in the 
samples of three males may be explained by the 
fact that males, as compared with females, are 
generally considered to have reduced immune 
responses (Poulin 1996, Moreno et al. 2002, Zuk 
& Stoehr 2002). Since we found a significant 
effect of sex and habitat and sex interaction on 
concentration of eosinophils, this reveals a sig-
nificant impact of habitat on immunity of breed-
ing Siberian tits. In future, it should be tested 
whether habitat-related immune responses could 
be linked to the species decline in habitats dete-
riorated by the modern forestry.

It is usually considered that blood parasites 
provoke chronic infections in the wild with 
relapses during stressful situations for the hosts 
(Atkinson et al. 1988, Bennett et al. 1995) 
especially during breeding season (Merino et al. 
2000, Shutler et al. 2004) which is energy- and 
time-demanding. Food limitation and exhaustion 
while provisioning food for nestlings require 
greater investments in each breeding attempt 
on the northern latitudes (Virkkala 1990, Sanz 
et al. 2000, Rytkönen & Orell 2001, Rytkönen 
& Krams 2003). Therefore, northern birds are 
expected to be more stressed during breeding 
season, which may result in suppressed immune 
function (Silverin et al. 1997) because of pro-
longed corticosterone exposure which in turn 
may lead to higher intensity of parasite infection 
(Sheldon & Verhulst 1996, Boonekamp et al. 
2008). However, the findings of our study, which 
is the first parasitological study on the Siberian 
tits, do not suggest any direct link between 
haematological parameters, habitat and blood 
parasite counts in Siberian tits breeding in north-
ern Finland. This is a surprising result especially 
given the high densities of parasite vectors in 
northern Finland. It can be admitted that blood 
parasites of Siberian tits do not reduce parental 
working capacity of the birds while feeding 
nestlings as in other tit species (Merino et al. 
2000). On the other hand, it is usually considered 
that it is easier for blood parasites to invade the 
peripheral blood of individuals whose immunity 
is impaired. However, we did not find such a 
relationship in the Siberian tit suggesting that the 
activated immune system of the breeding birds 

may considerably decrease parasite numbers in 
the peripheral blood.

Recent studies have shown higher blood par-
asite prevalence in mature and well preserved 
forests rather than in degraded or heavily man-
aged forests suggesting that habitat structure 
may affect the density of different parasites or 
their vectors (Bonneaud et al. 2009, Chasar et al. 
2009). Our results, however, clearly show that 
the total abundance of blood parasites and Leu-
cocytozoon counts are more related to the dis-
tance to the nearest streams (Table 5) where the 
parasite vectors, such as simuliid flies (Diptera: 
Siimulidae), reproduce (Hellgren et al. 2008). 
Plasmodium counts were found to be higher in 
the vicinity of lakes and small streams where 
blood-sucking mosquitoes (Diptera: Culicidae), 
vectors of malaria parasites in birds, reproduce. 
Thus, the results of this study do not support the 
notion that mature and less degraded forests sup-
port higher prevalence of blood parasites. It is 
likely that the numbers of simuliid blackflies and 
mosquitoes are much more dependent on avail-
ability of their breeding sites rather on the age or 
structure of forest habitat.

Finally, there are many reports from all over 
the world revealing noticeable differences in bird 
blood parasite geographical prevalence (Merilä 
et al. 1995, Rintamäki et al. 2000, Altizer et 
al. 2004, Valkiūans 2005, Sehgal et al. 2006). 
Although the diversity of blood parasites of birds 
has been found to be higher in tropical areas, 
the prevalence seems to be highest at higher 
latitudes (Valkiūans 2005). The fact that Leu-
cocytozoon and Trypanosoma parasites always 
occurred together (Table 4) enables us to assert 
that both types of blood parasites may be trans-
mitted by the same vector, supposedly by the 
blood-sucking simuliid blackflies (Hellgren et al. 
2008). Trypanosoma infection can also be trans-
mitted by other vectors such as biting midges 
(Culicoides spp.) and blood-sucking mosquitoes 
which are vectors of Plasmodium and Haema-
proteus parasites (Valkiūans 2005). All of these 
vectors are abundant in northern Scandinavia 
(Alder et al. 1999), thus, the parasite prevalence 
found to be as high as 80% is not surprising 
in Siberian tits. Overall, the first parasitologi-
cal study on the Siberian tits did not reveal 
any direct link between haematological param-
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eters, habitat and blood parasite counts in birds 
breeding in northern Finland, which suggests a 
more complex relationship between the immune 
system and parasites deserving a more detailed 
research in the future.

Acknowledgements

We acknowledge the support of the European Community 
(Research Infrastructure Action under the FP6 “Structuring the 
European Research Area” Programme, LAPBIAT). We thank 
Raivo Mänd, Gary Ramey, Mats Björklund, Jon E. Brommer, 
Peeter Hõrak, and Gediminas Valkiūnas for valuable discus-
sions and support. We thank Aleksejs Osipovs for his help 
in the field and Mikus Abolins-Abols for revising the manu-
script and improving our English. Research was supported 
by a research fellowship from the EU VPD1/ESF to DC. We 
thank the staff members of Oulanka Research Station for 
providing facilities and lodging. All animal manipulations 
comply with the current laws in Finland and were done under 
licenses of Department of Biology of Oulu University.

References

Alder, P., Malmqvist, B. & Zhang, Y. 1999: Black flies (Dip-
tera: Simuliidae) of northern Sweden: taxonomy, chro-
mosomes, and biomics. — Entomologica Scandinavica 
29: 361–382.

Altizer, S., Hochachka, W. & Dhondt, A. A. 2004: Sea-
sonal dynamics of mycoplasmal conjunctivitis in eastern 
North American house finches. — Journal of Animal 
Ecology 73: 309–322.

Arriero, E., Moreno, J., Merino, S. & Martinez, J. 2008: Hab-
itat effect on physiological stress response in nestling 
blue tits are mediated through parasitism. — Physiologi-
cal and Biochemical Zoology 81: 195–203.

Atkinson, C. T., Forrester, D. J. & Greiner, E. C. 1988: Path-
ogenicity of Haemaproteus meleagridis (Haemasporina: 
Haemasporidiae) in experimentally infected domestic 
turkeys. — Journal of Parasitology 74: 228–239.

Avise, J. C., Hubbell, S. P. & Ayala, F. J. 2008: In the light of 
evolution II: Biodiversity and extinction. — Proceedings 
of the National Academy of Sciences of the United States 
of America 105: 11453–11457.

Bennet, G. F. 1970: Simple techniques for making avian 
blood smears. — Canadian Journal of Zoology 48: 
585–586.

Bennett, G. F., Squires-Parsons, D., Siikamäki, P., Huhta, E., 
Allander, K. & Hillström, L. 1995: A comparison of the 
blood parasites of three Fenno-Scandian populations of 
the pied flycatcher Ficedula hypoleuca. — Journal of 
Avian Biology 26: 33–38.

Bonneaud, C., Sepil, I., Mila, B., Buermann, W., Pollinger, 
J., Sehgal, R. N. M., Valkiunas, G., Iezhova, T., Saatchi, 
S. & Smith, T. B. 2009: The prevalence of avian Plas-

modium is higher in undisturbed tropical forests of 
Cameroon. — Journal of Tropical Ecology 25: 439–447.

Boonekamp, J. J., Ros, A. H. F. & Verhulst, S. 2008: Immune 
activation suppresses plasma testosterone level: a meta-
analysis. — Biology Letters 4: 741–744.

Catoni, C., Peters, A. & Schaefer, H. M. 2008: Life history 
trade-offs are influenced by the diversity, availabil-
ity and interactions of dietary antioxidants. — Animal 
Behaviour 76: 1107–1119.

Chasar, A., Loiseau, C., Valkiunas, G., Iezhova, T., Smith, T. 
B. & Sehgal, R. N. M. 2009: Prevalence and diversity 
patterns of avian blood parasites in degraded African 
rainforest habitats. — Molecular Ecology 18: 4121–4133.

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, F. J. 1986: Hematology. — In: Harrison, B. G. H. & 
Harrison, L. R. (eds.), Clinical avian medicine and sur-
gery: 174–191. WB Sander, Philadelphia.

Fahey, A. G. & Cheng, H. W. 2008: Group size and density 
effects on physical indices and cell-mediated immunity 
in two genetic lines of white leghorn layers. — Poultry 
Science 87: 2500–2504.

Fortuna, M. A. & Bascompte, J. 2006: Habitat loss and the 
structure of plant-animal mutualistic networks. — Ecol-
ogy Letters 9: 278–283.

Griesser, M., Nystrand, M., Eggers, S. & Ekman, J. 2007: 
Impact of forestry practices on fitness correlates and 
population productivity in an open-nesting bird species. 
— Conservation Biology 21: 767–774.

Gustafsson, E. J. & Parker, G. R. 1992: Relationships 
between land cover proportion and indices of landscape 
spatial pattern. — Landscape Ecology 7: 101–110.

Gustafsson, L., Nordling, D., Andersson, M. S., Sheldon, B. 
C. & Qvarnstrom, A. 1994: Infectious diseases, repro-
ductive effort and cost of reproduction in birds. — Phil-
osophical Transactions of the Royal Society of London, 
series B 346: 323–331.

Haftorn, S. G. 1973: Lapmeise Parus cinctus i hekketiden. 
— Sterna 12: 91–155.

Hågvar, S. 1976: Altitudinal zonation of the invertebrate 
fauna on branches of birch (Betula pubescens Ehrth.). — 
Norwegian Journal of Entomology 23: 61–74.

Hellgren, O., Bensch, S. & Malmquist, B. 2008: Bird hosts, 
blood parasites and their vectors — associations uncov-
ered by molecular analyses of blackfly blood meals. — 
Molecular Ecology 17: 1605–1613.

Hõrak, P., Tegelmann, L., Ots, I. & Møller, A. P. 1999: 
Immune function and survival of great tit nestlings 
in relation to growth conditions. — Oecologia 121: 
316–322.

Järvinen, A. 1982: Ecology of the Siberian tit Parus cinctus 
in NW Finnish Lapland. — Ornis Scandinavica 13: 
47–55.

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

Krams, I. A., Krams, T. & Cernihovics, J. 2001: Selection 



Ann. Zool. Fennici  Vol. 47  •  Effect of forest management on Siberian tit	 345

of foraging sites in mixed willow and crested tit flocks: 
rank-dependent survival strategies. — Ornis Fennica 
78: 1–11.

Lima, S. L. & Dill, L. M. 1990: Behavioral decisions made 
under the risk of predation: a review and prospectus. — 
Canadian Journal of Zoology 68: 619–640.

Mänd, R., Tilgar, V., Kilgas, P. & Mägi, M. 2007: Manipula-
tion of laying effort reveals habitat-specific variation in 
egg production constraints in great tits (Parus major). — 
Journal of Ornithology 148: 91–97.

Merilä, J., Björklund, M. & Bennett, G. F. 1995: Geographic 
and individual variation in haematozoan infections in the 
Greenfinch, Carduelis chloris. — Canadian Journal of 
Zoology 73: 1798–1804.

Moreno, J., Merino, S., Sanz, J. J. & Arriero, E. 2002: An 
indicator of maternal stress is correlated with nestling 
growth in pied flycatchers Ficedula hypoleuca. — Avian 
Science 2: 175–182.

Niemi, G., Hanowski, J., Helle, P., Howe, R., Mönkkönen, M., 
Venier, L. & Welsh, D. 1998: Ecological sustainability of 
birds in boreal forests. — Conservation Ecology 2: 17.

Nilsson, J.-Å. & Gårdmark, A. 2001: Sibling competition 
affects individual growth strategies in marsh tit, Parus 
palustris, nestlings. — Animal Behaviour 61: 357–365.

Orell, M., Lahti, K. & Matero, J. 1999: High survival rate 
and site fidelity in the Siberian tit Parus cinctus, a focal 
species of the taiga. — Ibis 141: 460–468.

Ots, I. & Hõrak, P. 1998: Health impact of blood prasites in 
breeding great tits. — Oecologia 116: 441–448.

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

Pap, P. L. & Márkus, R. 2003: Cost of reproduction, T-lym-
phocyte mediated immunocompetence and health status 
in female and nestling barn swallows Hirundo rustica. 
— Journal of Avian Biology 34: 428–434.

Poulin, R. 1996: Sexual inequalities in helminth infections: 
a cost of being a male? — American Naturalist 147: 
287–295.

Rintamäki, P. T., Ojanen, M., Pakkala, H., Tynjälä, M. & 
Lundberg, A. 2000: Blood parasites of juvenile willow 
tits Parus montanus during autumn migration in north-
ern Finland. — Ornis Fennica 77: 83–87.

Roff, D. R. 2002: Life history evolution. — Sinauer, Sun-
derland.

Romero, L. M. & Wikelski, M. 2001: Corticosterone levels 
predict survival probabilities of Galapagos marine 
iguanas during El Ninõ events. — Proceedings of the 
National Academy of Sciences of the United States of 
America 98: 7366–7370.

Rytkönen, S. & Orell, M. 2001: Great tits Parus major lay 
too many eggs: experimental evidence in mid-boreal 
habitats. — Oikos 93: 439–450.

Rytkönen, S. & Krams, I. 2003: Does foraging behaviour 
explain the poor breeding success of great tits Parus 
major in northern Europe? — Journal of Avian Biology 
34: 288–297.

Rytkönen, S., Ilomäki, K., Orell, M. & Welling, P. 1996: 
Absence of blood parasites in willow tits Parus mon-

tanus in northern Finland. — Journal of Avian Biology 
27: 173–174.

Saari, L., Pulliainen, E., Hilden, O., Järvinen, A. & Makisalo, 
I. 1994: Breeding biology of the Siberian tit Parus cinc-
tus in Finland. — Journal of Ornithology 135: 549–575.

Saino, N., Calza, S. & Møller, A. P. 1997: Immunocompe-
tence of nestling barn swallows in relation to brood size 
and parental effort. — Journal of Animal Ecology 66: 
827–836.

Sanz, J. J., Tinbergen, J., Moreno, J., Orell, M. & Verhulst, S. 
2000: Latitudinal variation in parental energy expendi-
ture during brood rearing in the great tit. — Oecologia 
122: 149–154.

Sehgal, R., Hull, A. C., Anderson, N., Valkiūnas, G., Marko-
vets, M. J., Kawamura, S. & Tell, L. A. 2006: Evidence 
for cryptic speciation of Leucocytozoon spp. (Haemos-
porida, Leucocytozoidae) in diurnal raptors. — Journal 
of Parasitology 92: 375–379.

Sekov, A. N. & Germogenov, N. I. [Sekov, A. N. & Ger-
mogenov, N. I.] 2006: [To breeding biology of the Sibe-
rian tit (Parus cinctus, Paridae), and the red-breasted 
flycatcher (Ficedula parva, Muscicapidae), in central 
Yakutia]. — Zoologicheskij Zhurnal 85: 209–218. [In 
Russian with English summary].

Sheldon, B. C. & Verhulst, S. 1996: Ecological immunology: 
costly parasite defences and trade-offs in evolution-
ary ecology. — Trends in Ecology and Evolution 11: 
317–322.

Shutler, D., Mullie, A. & Clark, R. G. 2004: Tree swallow 
reproductive investment, stress, and parasites. — Cana-
dian Journal of Zoology 82: 442–448.

Silverin, B., Arvidsson, B. & Wingfield, J. C. 1997: The 
adrenocortical responses to stress in breeding willow 
warblers (Phylloscopus trochilus) in Sweden: effects of 
latitude and gender. — Functional Ecology 11: 376–384.

Suorsa, P., Huhta, E., Nikula, A., Nikinmaa, M., Jäntti, A., 
Helle, H. & Hakkarainen, H. 2003: Forest management 
is associated with physiological stress in an old-growth 
forest passerine. — Proceedings of the Royal Society of 
London B 270: 963–969.

Suorsa, P., Helle, H., Koivunen, V., Huhta, E., Nikula, A. & 
Hakkarainen, H. 2004: Effects of forest patch size on 
physiological stress and immunocompetence in an area-
sensitive passerine, the Eurasian treecreeper (Certhia 
familiaris): an experiment. — Proceedings of the Royal 
Society B 271: 435–440.

Tummeleht, L., Mägi, M., Kilgas, P., Mänd, R. & Hõrak, P. 
2006: Antioxidant protection and plasma carotenoids 
of incubating great tits (Parus major L.) in relation to 
health state and breeding conditions. — Comparative 
Biochemistry and Physiology C 144: 166–172.

Valkiūnas, G. 2005: Avian malaria parasites and other 
Haemosporidia, 1st ed. — CRC, Boca Raton.

Veistola, S., Lehikoinen, E. & Eeva, T. 1997: Weather and 
breeding success at high latitudes — the pied flycatcher 
Ficedula hypoleuca and the Siberian tit Parus cinctus. 
— Ornis Fennica 74: 89–98.

Virkkala, R. 1987: Effects of forest management on birds 
breeding in northern Finland. — Annales Zoologici Fen-
nici 24: 281–294.



346	 Krams et al.  •  Ann. ZOOL. Fennici  Vol. 47

Virkkala, R. 1988: Foraging niches of foliage-gleaning birds 
in the northernmost taiga in Finland. — Ornis Fennica 
65: 104–113.

Virkkala, R. 1990: Ecology of the Siberian tit Parus cinctus 
in relation to habitat quality: effects of forest manage-
ment. — Ornis Scandinavica 21: 139–146.

Virkkala, R. & Liehu, H. 1990: Habitat selection by the Sibe-
rian tit Parus cinctus in virgin and managed forests in 
Northern Finland. — Ornis Fennica 67: 1–12.

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

Wasser, S. K, Bevis, K., King, G. & Hanson, E. 1997: 
Noninvasive physiological measures of disturbance in 

the northern spotted owl. — Conservation Biology 11: 
1019–1022.

Wiersma, P., Selman, C., Speakman, J. R. & Verhulst, S. 
2004: Birds sacrifice oxidative protection for reproduc-
tion. — Proceedings of the Royal Society of London B 
271: S360–S363.

Wingfield, J. C. & Kitaysky, A. S. 2002: Endocrine responses 
to unpredictable adrenocortal response to stress in birds 
of the Sonoran desert. — Journal of Experimental Zool-
ogy 264: 419–428.

Zanette, L., Doyle, P. & Trémont, S. M. 2000: Food shortage 
in small fragments: evidence from an area-sensitive pas-
serine. — Ecology 81: 1654–1666.

Zuk, M. & Stoehr, A. 2002: Immune defense and host life 
history. — American Naturalist 160: 9–22.

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


