Some aspects of the biology and host-parasite interactions

of Isospora spp. (Protozoa: Coccidiida) of passerine birds

vom Fachbereich Biologie,
Geo- und Umweltwissenschaften

der Carl von Ossietzky Universitit Oldenburg

angenommene Dissertation
zur Erlangung des Grades

eines Doktors der Naturwissenschaften

Olga Dolnik

geb. am 16.09.1973 in St. Petersburg

Angefertigt im Institut fiir Vogelforschung
., Vogelwarte Helgoland*
Wilhelmshaven

in Kooperation mit dem Zoologischen Institut
der Russischen Akademie der Wissenschaft

St. Petersburg, Russland



Erstreferent: Prof. Dr. Franz Bairlein
Zweitreferent: Prof. Dr. Georg Klump

Tag der Disputation: 16.12.2002



7.

CONTENTS

. General introduction

Method of estimating Isospora infection intensity in passerine birds

. Diurnal periodicity in Isospora oocysts output

3.1. Diurnal periodicity of oocyst release of Isospora dilatata (Sporozoa:

Eimeriidae) from the Common Starling (Sturnus vulgaris) in nature

3.2. Diurnal periodicity in appearance of Isospora (Protozoa: Coccidiida) oocysts

from some passerine birds
Species and specificity

4.1. Isospora sylvianthina (Protozoa: Coccidiida), parasite of Blackcap,

does not infect Reed Warbler
4.2. Isospora fauna of passerine birds on the Courish Spit, Baltic Sea

4.3. Isospora schoenobaeni sp. n. (Protozoa: Eimeriidae) from the Sedge Warbler

(Acrocephalus schoenobaenus)

4.4. Isospora certhiae sp. n. (Protozoa: Eimeriidae) from the Tree Creeper

(Certhia familiaris)

. Isospora (Protozoa: Sporozoa) infection in passerine birds of various feeding styles

Effects of age on the infection of wild and captive birds with Isospora

(Protozoa: Eimeriidae) parasites

Isospora (Protista: Coccidiida) infection in migrating passerine birds

References

Summary

Zusammenfassung

Pe3rome

Acknowledgements

Curriculum Vitae

List of publications

10

15

16

28

34

35

36

40

41

47

54

70

81

88

89

90

91

92

92



CHAPTER 1

GENERAL INTRODUCTION



Chapter 1. General introduction 2

General introduction

In natural animal populations parasites can be considered as important as predators
(Hudson 1997). Parasites comprise a great selection pressure on host, simply because of
their abundance and diversity (Price 1980). Since 1990, more than a dozen books have
been published on animal host-parasite evolution, ecology and behaviour (see Clayton &
Moore 1997 for a review). Birds, and especially songbirds, are regarded as excellent model

systems for testing many of major questions of host-parasite interactions.

The great majority of bird endoparasites are protozoa. During the last years much attention
is paid in parasitological and ornithological literature to blood Haemosporidia of passerine
birds (see Valkiiinas 1997 for a review). However, enormous gaps remain in our
knowledge of intestinal protozoan parasites, in particular Coccidia, in wild songbirds. The
most successful genus of intestinal coccidia in passerine birds is Isospora. It represents
about 90-95 % of known intestinal coccidia fauna of passerine birds (Pellerdy 1974) and in
some bird populations 50% to over 90% of individuals can be infected by Isospora spp.
(Scholtyseck & Przygodda 1956, Grulet et al. 1985, Dolnik 1998). Despite the high
prevalence of Isospora spp. in wild passerine birds, our knowledge about consequences of
an Isospora infection is very fragmentary. On contrary, the genus Eimeria (Eimeriidae)
from poultry that is closely related to Isospora is very well studied, because of the high
economical importance of the disease. Probably our knowledge of Eimeria spp. from
poultry and lack of information about Isospora spp. from passerine birds is the reason why
biology of Isospora genera is supposed to be similar to Eimeria spp., unless the opposite is

proved.

There are several points of view on the systematic position of Isospora coccidia, though
the differences concern the position and the name of the class. I do not discuss this
problem here, but present the systematic position of Isospora genera according to the

system of Krylov & Dobrovolsky (1980):

Phylum Sporozoa Leucart 1897 emend. Krylov, Mylnikov 1986
Class Coccidiomorpha Doflein 1901 emend. Krylov 1980
Subclass Coccidiomorphina Doflein 1901 emend. Krylov 1980
Order Coccidiida Leucart 1879 emend. Krylov 1980

Family Eimeriidae Minchin 1903

Genera Isospora Schneider 1881
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Life cycle of Isospora spp.

Coccidia of Isospora genera have a monoxenous life cycle (Fig. 1) and require no
intermediate transmitter for the spread of infection (Long 1982). Immunity that develops as a
result of Isospora spp. infection does not suffice to prevent re-infection (Long 1982).
Infections are transmitted by faecal contamination. Sporulated oocysts get into the bird
occasionally swallowed, mostly with food or water, and after ingestion the sporozoits
emerge from the oocysts and enter the wall of the intestine (Fig. 1, /). In epithelial cells of
villi in the ileum and duodenum (Anwar 1972, Box 1977) several merogonies take place
(Fig. 1, 2-12) so that the number of parasites increases rapidly (Long 1982, Grulet et al.
1985). After gametogonie (Fig. 1, 13-22), fertilisation (Fig. 2, 23), and development of

oocysts (Fig. 1, 24-25) unsporulated oocysts are released from the bird together with faeces.

Environment

© @

Host's intestinal

Fig. 1. Scheme of life cycle of Isospora canaria Fig. 2. Sporulation of Isospora fringillae oocyst from
(Grulet et al. 1985). Chaffinch, Fringilla coelebs. 1 — unsporulated
oocyst, 2-3 — stages of sporulation, 4 — sporulated

To complete their development oocysts have to sporulate (Fig. 1, 26-27; Fig. 2). Only
oocysts that completed sporulation are able to infect a new host. This process takes from
48 hours to 7 days in different Isospora species (Pellerdy 1974). With the only known
exception of Isospora xerophyla (Barré & Troncy 1974), Isospora oocysts from passerine
birds, and especially unsporulated ones, can easily be damaged by drying out or by being
exposed to direct sunlight (Long 1982).

Sporulated oocyst of Isospora genus contains two sporocysts, each with four sporozoits.

Thickness of oocyst wall, presence or absence of micropile, form and size of oocyst,
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sporocysts and sporozoits, oocyst and sporocyst residuum, form and number of polar
granulas, form of Stieda and substieda body, and other morphological characteristics of

sporulated oocysts are used to identify the species of Isospora.

Fauna of Isospora spp. in passerine birds

Until now, about 100 species were described from birds all around the world. The latest
overview of coccidia fauna was made by Pellerdy (1974) in his book "Coccidia and
Coccidiosis". Since that time, some new coccidia species were described. Because of the
difficulty in finding and isolating tissue stages, and because the study of these endogenous
stages would require killing the host animal, it is the description of the structures of the
sporulated oocysts upon which the taxonomy of most eimeriid coccidia is based
(Duszynski et al. 1999). Unfortunately, as it was already mentioned by Pellerdy (1974)
many of the descriptions are not complete or synonymous that makes it very difficult to
determine the species. Further collecting from additional host taxa proved that nearly every
species of bird is a potential host for one or several Isospora species, most of which have
yet to be collected, even more to be described taxonomically or studied ecologically.
However, for further investigations of Isospora fauna in passerine birds, more data on host

specificity of these parasites would be necessary.

Host specificity of Isospora spp.

In general, coccidia of Eimeriidae family are thought to be narrow host specific.
Nevertheless, partly because of structural resemblance between the oocysts of the forms
from the various hosts, partly because of tradition, for a long time many authors reported
most of the Isospora spp. oocysts found in more than a hundred passerine bird species as
Isospora lacazei (see Levine 1982 for a review). Studies on Isospora fauna in passerine
birds, description of new parasite species and revision of those already described requires
better knowledge on Isospora host specificity. These data can be obtained only from cross-
transmission studies, but up to now only three such experiments were carried out (Cerna
1973, Barré & Troncy 1974, Box 1980). All three showed that Isospora sp. from passerine
bird does not infect a host from another taxonomic family, and only Barré & Troncy
(1974) showed successful transmission of the parasite between hosts of different genus
within one family. Therefore, other experiments on cross-transmission are necessary to be
carried out. If a parasite is indeed narrow host specific, an investigation of new bird species

can lead to describing new parasite species, as it was suggested by Svobodova (1994).
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Periodicity of oocysts output

The high metabolic rate of birds requires strict habits of feeding, activity, and rest, which
produce a marked regularity in certain fundamental physiological functions. This seems a
desirable condition for studies on the host-environment of parasites. The physiological
processes within the host body are controlled indirectly by the regular alternation of the
light and dark periods, which, in this case, may be the principal factors in the formation of
various habits involving nutrition, muscular and nervous activity, rest, and sleep. The
complex animal body, then, when considered in relation to its parasites becomes an
intricate environment, which, nevertheless, often exhibits a regularity in activity ruled by
external factors (Boughton 1933). Hence, in studying the parasite species living within it,
one must consider the influence of physiological processes of the host organism on the

parasite.

Eimeria spp. from poultry do not demonstrate any diurnal rhythmicity neither in their
endogenous stages nor in oocyst output (Long 1982). As long as nothing was known about
Isospora genus itself, most of ecological studies were based on the knowledge about
biology of this closely related and well-studied genus. Therefore, the samples from
passerine birds were collected at different time of the day, and as far as most of the birds
can be caught in the early morning, the great majority of data belong to this time of day
(e.g. Scholtyseck 1956). Only few people independent from each other found that in House
Sparrow (Boughton 1933, Schwalbach 1959, Milde 1979, Grulet et al. 1985) and two other
Ploceidae species (Barre & Troncy 1974) in captivity the oocyst output shows a daily
rhythm, and nearly no oocysts can be found in morning faeces of infected birds. Moreover,
it was shown in House Sparrows that all endogenous stages of Isospora life cycle have
24 - hours rhythms (Grulet et al. 1985). All these authors suggested that this knowledge
should be considered when collecting samples from birds in the wild. However, this work
concerned only Isospora from one taxonomic family of birds and remained unnoticed by
many investigators. It remains open if the diurnal periodicity of oocyst output that was
noticed by several authors for Isospora spp. from three bird species of Ploceidae family is
the rule or an exception. This knowledge is important to understand more about problems
of periodicity in host-parasite relationships. Moreover, knowing more about oocyst output
models of different Isospora spp. from different host will allow to collect more exact data

about prevalence and intensity of infection.
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Estimation of prevalence and intensity of infection

Prevalence of infection is the proportion of the host population showing infection, often
expressed as percentage. Analysis of faecal samples collected in the afternoon is sufficient
to conclude whether an individual is infected by Isospora spp. or not. Concentration of
oocysts from faecal samples using flotation centrifuging allows to determine the infection
in low infected individuals, and to estimate the prevalence of Isospora spp. infection in

bird populations.

On contrary, estimation of intensity of coccidial infection is often based on the damages of
the intestine. Due to ethical rules, however, it is not appropriate to dissect wild birds,
therefore sometimes only data about prevalence but not intensity of infection in wild bird
population is collected. Alternatively, the intensity can be estimated from counting the
oocysts in faecal samples, though not all the investigators agree (e.g. Kruszewicz & Dyrcz
2000). Some investigators estimated intensity of infection in passerine birds in captivity
(e.g. Schwalbach 1959), using different methods. However, up to now, it was not proved if
any of these methods gives repeatable and comparable results. An appropriate standard

method is not described in literature and still needs to be established.

Effects of birds feeding style on Isospora spp. infection

As a consequence of the life cycle of Isospora species, ground feeding birds are likely to
be more exposed to infection than those feeding in the air. This should be reflected in the
prevalence and probably also in the intensity of infection of these species, because
immunity does not suffice to prevent re-infection (Long 1982). Nevertheless, no attempts
to prove it were done up to now. The only work on this subject concerns the prevalence but
not the intensity of Isospora infection in birds of different diets (Scholtyseck 1956). He
suggested that in passerine birds prevalence of Isospora spp. infection in insectivores birds
is lower than in omnivores, but unfortunately the data were collected without taking the
daily rhythm of oocyst output into account. The question if the feeding style of the birds

influences prevalence and intensity of Isospora infection remains, therefore, unsolved.

Effects of birds age on Isospora spp. infection

Younger animals are generally assumed to be more susceptible to coccidial disease than
older ones (Long 1982, Gylstorff & Grimm 1998). It is supposed that different
susceptibility to Eimeria spp. infection in young and adult birds is connected with some
acquired immunity against coccidia with age (Long 1982). Isospora infection in birds of

different age has rarely been studied. It was shown that prevalence of infection with
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Isospora spp. is higher in older nestlings than in younger ones (Scholtyseck & Przygodda
1959, Svobodova & Cibulkova 1995), and higher in adult Icterine Warblers than in their
nestlings (Svobodova & Cibulkova 1995). On the other hand, it was shown that prevalence
of Isospora infection does not differ between adult and juvenile Chaffinches (Gryczynska
et al. 1999) and Acrocephalus spp. (Kruszewicz & Dyrcz 2000). Nevertheless, there is no
literature that compares the intensity of Isospora infection in young and adult passerine
birds, though the probable development of immunity with age can cause differences in

infection intensity.

Reaction of birds on re-infection and dose-dependent response

Re-infection of chronically infected birds happens very often in the wild, and the immunity
system can not prevent it (Long 1982) but probably can help the bird to stabilise the
infection. Therefore, re-infection with coccidia may increase or reduce the severity of
disease, but the number of reports discussing it is limited and concerns only Eimeria spp.,
which makes generalisation difficult. There is no data on the reaction of chronically

infected passerine birds on re-infection.

Experiments in chicken showed that an increase in the number of Eimeria oocysts ingested
by the host is usually accompanied by an increase in severity of disease (Hein 1968, 1969,
1971, 1974, Long 1973). On contrary, Leathem and Burns (1968) noted that very heavy
doses of oocysts produced lower mortality in cecal coccidiosis of chickens. It is possible
that the invasion of very large numbers of sporozoites and/or the development of the early
stages produce a host reaction resulting in loss of some invasive stages (Rose et al. 1975).
Nothing is known about the reaction of wild passerine birds on infection with different

amounts of Isospora oocysts.

Body mass changes and infection

It is known that pathogenesis of Eimeria spp. leads to disturbances of absorption and
permeability, and thus results in reduced food and water consumption (Yvoré & Mainguy
1972). Correspondingly, one can expect effects of intensive Isospora infection on bird's
body mass and food intake. Nevertheless all attempts to find any correlation between
Isospora infection and body mass of the host failed, for example, in studies on Starling
nestlings (Mazgajski & Kedra 1998), or on adults and nestlings of several Acrocephalus
species (Kruszewicz & Dyrcz 2000) in the wild. What really is going on with birds body

mass can be shown only in experiments.
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Bird migration and coccidia infection

Many species of passerine birds migrate to considerable distances and this migration can
influence the parasites, as well as the parasites can influence the success of migration. For
example, it was recorded that in Chaffinches, the individuals infected with Leucocytozoon
spp. (Haemosporidia) are concentrated at the end of migration flow (Valkitinas 1997),
which indicates that infected birds are hindered in time of departure. However, there is no
investigation on the possible influence of Isospora spp. on migration performance of

passerine birds.

Prior to or as a consequence of sustained flights migratory birds can reduce their intestines
(Biebach 1998, Piersma 1998, Bauchinger & Biebach 2001). Thus, the host’s capacity for
intestine parasites may be affected, and this can result in lower levels of parasite infection
in those birds. Therefore, we can expect that short and long distance migrants may have
different intensity or prevalence of infection as well as the intensity and prevalence of
infection during migration can differ if birds migrate over land or over sea, because of
possibly different selection pressures. We can also expect that the intensity of Isospora

infection is associated with body condition of the migrating bird.

This thesis

The aim of the research described in this thesis is two-fold. On one hand, establishing a
reliable method of estimating of Isospora infection intensity and using it in the field as
well as in laboratory experiments allowed us to fill some gaps in understanding of
interactions between wild passerine birds and their Isospora parasites. On the other hand,
the research should contribute to our knowledge of Isospora fauna of passerine birds, and

intensity and prevalence of Isospora infection in different host species.

Chapter 2 presents a standardised method of sampling and estimating intensity of
infection. I tested our method under controlled laboratory conditions and proved that it

gives repeatable and comparable results.

Chapter 3 deals with diurnal periodicity in Isospora oocyst output. I showed that
afternoon release of Isospora spp. oocysts is likely to be a general rule for passerine birds,
since it was shown for six bird species (Chapter 3.1 and 3.2). Knowledge of diurnal
pattern of oocyst output in combination with using the standardised method of counting the
oocyst in samples gives excellent opportunities for a study on the ecology of these

parasites.
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Chapter 4 deals with fauna of Isospora coccidia in passerine birds on the Courish Spit,
where most of our field work took place. The problem of Isospora specificity is discussed
in Chapter 4.1. Chapter 4.2 gives an overview of the fauna of Isospora spp. in passerine
birds on the Courish Spit. In Chapters 4.3 and 4.4 new Isospora species from Sedge

Warbler and Tree Creeper are described.

Chapter S results from analysing the data from the field study on the effect of feeding
style of the host species on intensity and prevalence of Isospora infection. Prevalence and

intensity of infection in birds catching insects in the air and ground feeders are compared.

The effect of age of the host and dose of infective oocysts on intensity of Isospora spp.
infection and its consequences were studied in field and in laboratory experiments and the
results are presented and discussed in Chapter 6. Following artificial infection of the birds
I checked changes of oocyst output, body mass, and food intake of the birds. Possible
reasons why many authors found no correlation between body mass of the birds and their

intensity of infection in the wild are also discussed in Chapter 6.

In Chapter 7 I compare prevalence and intensity of Isospora infection in birds at two
stopover sites during autumn migration. Possible reasons of differences in intensity of
infection between birds migrating over land and over sea, as well as between long- and

medium distance migrants are discussed.



CHAPTER 2

METHOD OF ESTIMATING
ISOSPORA INFECTION INTENSITY
IN PASSERINE BIRDS
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Method of estimating Isospora infection intensity in passerine birds

Introduction

Investigation of the Isospora infections of wild passerine birds requires estimation not only
of the prevalence of infection in the population, but also of the intensity of infection in
individual birds. A typical approach to estimate prevalence is to examine the intestines of
dead birds for the presence of oocysts (see for example Scholtyseck & Przygoda 1956) but
such an approach requires the bird be killed and a more simple and harmless method is
needed to obtain good estimates. Previous workers have suggested that "faecal analysis do
not allow for clear assessment of parasite load" (Kruszewicz & Dyrcz 2000) although other
workers have used faecal samples to estimate prevalence and relative intensity. For
example, Boughton (1933) estimated oocysts intensity in fresh faecal smears using a
subjective scale of intensity that ranged from "0" to "5". Schwalbach (1959) used a second
method but this required the assessment of fresh samples within one or two days of
collection, an approach that is rarely possible in field conditions. Barré¢ & Troncy (1974)
counted the number of oocysts in 1 g of native smear while the absolute number of oocysts
in daily faeces was counted using flotation techniques by Milde (1979). Arnastauskene
(1985) argued that comparable results required the same amount of faeces and the same
amount of sediment in every estimate, but did not propose a workable method. The central
issue is that the absence of any standard method of intensity estimation in the literature has
meant that studies are not comparable. In this paper we propose a simple method that
allows the collection of data in laboratory and field conditions and to estimate intensity of
Isospora infection in small passerine birds. This method was tested under controlled

laboratory conditions, and provides repeatable and comparable results.

Methods

Standardised method of sampling

Fresh faecal samples should be collected at the same time of each day, ideally 2 to 6 hours
before sunset. If faecal samples are collected in the field, birds should be kept in a clean
cotton bag or better still in a small washable cage with plastic walls and samples collected
on clean floor paper. Fresh droppings need to be removed within 10 minutes of production
and care should be taken to ensure the samples do not dry out. Samples from each bird
should be placed in individual vials with 2% water solution of potassium dichromate

(K2Cr07).
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To distinguish between species of Isospora, samples should be kept in room temperature
for several days to allow sporulation. In this case it is important that the vial is not
completely full and there is sufficient air present. After sporulation, the samples should be
stored in a fridge (2-8 °C), although our experience is that samples can also be stored at

room temperature at least for a year.

Oocysts should be concentrated by flotation in saturated NaCl solution. Each sample
should then be fully mixed by shaking and put into a 10 ml centrifuge-tube topped up to
10 ml volume with water. Samples should be centrifuged for 5 minutes at 1500 R.P.M.,
and the supernatant removed, so that 2 ml of the lower layer remain. Add 8 ml saturated
NaCl solution and centrifuge again for 5 minutes, at 1500 R.P.M. A standard quantity of
the surface layer (5 loops of 5 mm diameter) is placed on slides and immediately examined
under 100x magnification to determine the presence and the number of oocysts. The whole

slide should be checked to avoid mistakes that can be caused by oocyst clustering.

Evaluating standardised method
To determine if the method developed for oocyst counting can give repeatable results, two

tests were undertaken using samples collected from chronically infected young Blackcaps.

A group of chronically infected Blackcaps trapped as juveniles from a natural population
were kept in the Institute of Avian Research in Wilhelmshaven (Germany). For the
experiments we chose birds that were naturally infected with just one coccidia species,
Isospora sylvianthina Schwalbach 1959. Body mass of each bird was recorded daily. Birds
were maintained individually under controlled laboratory conditions (LD 14:10, 20+1 °C,
50-60% R.H.) and fed ad libitum on a standard diet prepared from dried insects, casein,
saccharose, vegetable oil, minerals and cellulose, containing 15% crude protein, 10% crude
fat and 5% digestible carbohydrates (Bairlein 1986). Water was also available ad libitum.
For the experiments we selected 10 individuals that had not shown changes in body mass

within the last 20 days.

Fresh faecal samples were collected onto clean paper from each of 10 individual birds over
a period of one hour. Subsequently, we collected faecal samples from each of 8 birds, each

day for 12 days at the same time of day time, 3 hours before the light was off.

Results
Variation in oocyst production in consecutive samples collected within 1 hour was greater

between than within individuals (ANOVA, P=0.000) (Fig. 1).



Chapter 2: Method of estimating the infection intensity 13

low infected birds high infected birds

100 - 10000

80 + 8000 +
Q Q@
Q. ] [=% ]
£ 60 £ 6000
© ®©
(2] wn
R R
[2] )
b2 82}
2 2
[&] 4 — 4
g 40 8 4000
o o]

20 | 2000

0 0+ T
1 2 3 4 5 6 7 8 9 10
individual birds individual birds

Fig. 1. The number of Isospora oocysts counted from consecutive samples from 10 Blackcaps.

The variation in the intensity of Isospora infection in chronically infected birds under

controlled conditions during 12 consecutive days exhibited greater variation between than

within individuals (ANOVA, P=0.000) (Fig. 2).
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Fig. 2. Variation in the production of Isospora oocysts in 8 Blackcaps over a period of

12 consecutive days of sampling.
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Discussion

We have identified and described a standardised flotation method for estimating the
intensity and prevalence of Isospora species in the faecal samples of passerine birds.
Testing of the methods demonstrated that Isospora counts were consistent within
individuals, both over a range of consecutive droppings within one hour and over a period
of 12 days. The flotation method is important because it first allows the oocysts to separate
from the faeces and be easily visible, and secondly, allows the oocysts to be concentrated

so that makes it possible to distinguish the infection at low intensity.

As a flotation solution we propose NaCl solution because in comparison to glycerin it does
not deform the oocysts, it is also easy to handle, cheap and available. We suggest that the
differences in the size of droppings in the evening when the second peak of birds feeding

activity takes place is not that high to be recalculated. Our experimental data also prove it

(Figs. 1, 2).

All workers that have reported daily periodicity in Isospora oocyst output from passerine
birds recorded a maximum production in the afternoon (e.g. Boughton 1933, Schwalbach
1959, Barré¢ & Troncy 1974, Grulet et al. 1985, Kruszewicz 1995, Dolnik 1999). Therefore
we stress that it is very important to collect samples at the same time of day, and if the
pattern of diurnal oocyst production for that species is not known then samples should be

collected in the afternoon, 2 to 6 hours before sunset.

Our experiments showed that there is relatively little variation in oocyst abundance in
consecutive droppings taken over a period of one hour. Furthermore, under controlled
laboratory conditions, the oocyst output of chronically infected birds varied more between
individuals than within individuals indicating that the method is repeatable and
representative over a period of time. We suggest that all the possible variations in oocysts
output are caused by some endogenous factors, such as re-infection (Chapter 6). Thus, we
conclude, that this method allows us to get comparative data on intensity of infection. The
proposed method has been successfully applied to wild populations of different bird
species (Dolnik 1998, Dolnik 1999a, 1999b, 1999c, Dolnik 2000).



CHAPTER 3

DIURNAL PERIODICITY
IN ISOSPORA OOCYST OUTPUT
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CHAPTER 3.1.

Diurnal periodicity of oocysts release of Isospora dilatata (Sporozoa:
Eimeriidae) from the Common Starling (Sturnus vulgaris) in nature

VOK 576.893.192 : 598.822 : «[Tapasutonorus», 7. 33, sun. 1, 1999

CYTOYHAS NMEPHOIUYHOCTH BBUIEJIEHHA OOIUCT
ISOSPORA DILATATA (SPOROZOA; EIMERIIDAE)
M3 OBBIKHOBEHHOI'O CKBOPIIA (STURNUS VULGARIS) B IPHPOJE

© O. B. JonbHHK

CT0 MOI0ABIX CKOPUOB (Sturnus vulgaris) 6pU10 NOiMaHO U 06C/IENOBAHO B PA3HOE BPEMS CYTOK Ha
Kypuuckoii koce Bantuiickoro Mopst (55°12°N, 20°46'E).

Y THU, HAYHHAIOUIMX OCTIOBEHWIBHYIO THHBKY, MHHTEHCHBHOCTb 3apaxeHus u3ocrnopamu Gbuia
HHKE, 4eM Y NITHLL, 3aKaHYHBAIOLIHX JIHHBKY.

I1pu sT0oM OoumcThl pofa Isospora 6bu1H 0GHAPYKeHb! TONBKO B [IOMETE MITHL, ob6cne0BaHHbIX BO
BTOPOIt N10JI0BHHE AHS. MaKCHMaIbHOE KO/IHYECTBO OOLMCT ObUI0 OTMEUEHO B npo6ax nomeTa, BIATIX
B [IPOMEXYTKEe BpeMeHH Mexay 16 u 19 4.

CKBOpELl, CHAEBLUMI B OTAETBHOM KJIETKE B TeYeHHE 4 [IHEH, TAKXKe IIPOJAEMOHCTPHPOBAT BhlIE/E-
HHE OOLMCT MPEHMYILLECTBEHHO BO BTOPOH IOJOBHHE IHSA. :

B0O3MOXHO, TAKOE MACCOBOE BbLIEEHHE OOLHCT B BedepHEE BPEMA HMEET alanTHBHOE 3HAYCHHUE
st napaiuta. OHO MOXET MOBBILATH KOHUEHTPALUHIO HHBA3HOHHBIX OOLHCT B MECTaX KOPMEXKH XO-
39€B WIH NPEIOXPAHATh OOLUMCTHI OT HEMELICHHOIO BbICHIXAHHS MO BO3ACHCTBHEM MPAMBIX COMHEY-
HBIX JIydeil ¥ MaIOH BIaXHOCTH.

[{MpKaiHble PUTMBI Y ITHLl H3BECTHBI YK€ O4€Hb 1aBHO. YcTaHOBIEHO, YTO OHH KOHTPO-
NHpYIOTCs 3MMHU30M (IHHEATbHBIM OPTraHOM) TOJIOBHONO MO3ra (Menaker, Oksche, 1974).
Driuu3 CeKpeTHPYeT pasHbie M0 XHMHUYECKOi MPHPOJIE BELLECTBA, CPEAH HHX FOPMOH Me-
natonun. CBeT MOAABNAET, @ TEMHOTA AKTHBHPYET ero cHHTe3. XHMMHYECKHH MEXaHU3M
BIAMSHMS cBeTa Ha menaToHuH u3pecten (Yepusiwesa, 1995). Tlokaszano, 4TO PHTM Bhblese-
HUS MeJAaTOHHHA in Vitro CXOoleH ¢ PHTMOM JIOKOMOTOPHOM aKTHBHOCTH NTHL MPH TOM Xe
oCBeleHHH U KoppekTHpyetcs 1o doronepuony (Takahaschi, 1982). PeBepcus ocselleH-
HOCTH TMPHBOIMT K PEBEPCHH PHTMA BbLIE/TCHHS MeaTOHHHA H30HPOBAHHLIM anuhH3oM
(Deguchi, 1982). Hubekuus MenaToHWHa XHUBOH NTHUE MOIHGHLHPYET PUTM €€ JIOKOMO-
TOPHO# aKTHBHOCTH, @ TAKXe 3alaeT €ro NTHUE C YIaICHHbIM snudu3oM (Gwinner, 1978).
W3 Bcero BbILIE CKa3aHHOTO MOXHO CHENaTh BbIBOM, YTO MENATOHHH MPHHHMAET BaXHOE
y4acTHe B Pery/sillii LIMPKaIHbIX PHTMOB aKTHBHOCTH NTHLL
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SIBleHHe MEepHOIMYHOCTH BbUIENEHHS OOLMCT KOKUHMAWH Brepsble obHapyxmwn Boy-
ton B 1933 r. Ha npumepe poxa Isospora w3 noMoBOro BopoOba Passer domesticus
(Boughton, 1933). OH Takxe nokKasal, YTO peBEpPCHA OCBEIIEHHOCTH TNpPHBOAMT K pe-
BEPCHH DHTMa BblaeneHus oouuct. ®Ppanuyickue uccrneposarenu (Grulet e. a., 1986),
pabotas ¢ BOpOObSAMH, CONEPXKABLIMMHCA B HEBOJIE, MOKa3anH, YTO BCE CTAIMH SHIO-
reHHOr0 Pa3BUTHS M30CIOP TakXe CTporo cuuxponusuposael. ITpod. I'sunnep (Gwin-
ner) netom 1995 r. u3y4an CyTOYHBIH PHTM BblIEJEHHS OOLMCT M30CIOP 3apaXCHHBIMH
ckBopuaMu (Sturnus vulgaris). B HeBoje npH ecTeCTBEHHOM OCBELIEHHH IMHK BbUIENE-
HUS OOLIMCT MPHXOAMJICSA Ha BTOpYlo mosnosuHy mua. ITocne ynanenus nruuam snuusa
UMPKAIHBIH PHTM BbUIEJICHHS OOLMCT PacChilaiCs, a MOC/Ie WHBEKLUHH TaKHM NTHLAM
MenaTOHHHA — BOccTaHasnuBaics (IBumHep, nud. coobul.). OoHaKo HamTH4Ke Bedep-
HEero MHMKa BbLIEJIEHHS OOLMCT M30CNOpP Y BOPOOBHHBIX MTHI B MPHPOLE, HACKOIBKO
HaM M3BECTHO, MOKAa HE HCCIIEN0BAHO.

Mbl HOMBITATHCH TPOCAEAHTh HATHYHE LMPKANHOTO PHTMA BBUIEEHHS OOLMCT Yy
MHOTHX BHIOB BOpOObMHBIX NTHU B npupone. K HacTosuwieMy BpeMeHHM y Hac Habpa-
7I0Ch JOCTATOYHO MaTepHana MO OJHOMY M3 caMmblX MaccoBpix BuIOB Ha Kypuickoi
Koce — OObIKHOBEHHOMY CKBOpLY (Sturnus vulgaris). DTH JaHHblE W JIEDIH B OCHOBY
Halllell CTaThbH.

MATEPHATT H METO/IbI

PaGora mposoaunach B sieTHHe ce3onsl 1995—1997 rr. na Kypuickoii koce Ban-
THiickoro Mopst (55°12'N, 20°46’E). C6op Mmarepuana npoussopnics Ha Gase buormo-
ruyeckoit ctanuuu 3oonoruyeckoro uuctutyra PAH B moc. Peibaumii. Bocxoa B ne-
pHox oTnoBa NTHU npuxomwics Ha 5.00—5.30 yrpa, 3axon conHua — Ha 22.30—
23.00 y. TITHU OTNABAMBAIH MMAayTHHHBIMH CETAMH B PaMKaX MEXIYHApOAHOH Mporpam-
Mbl KonbleBauus «MRI». 3a Tpu roma 6Gsuio noimano u obcnegosano 100 momombix
CKBOPLIOB.

TITHL BBIHUMATH M3 MYyTaHOK KaX/[blH 4ac, KOMbLEBANH M 3allUChIBATH JaTy H

BpeMs MOMMKM, HOMEp KOJblia, BHI MTHIBI, €€ Moj, Bo3pacT, 6awl Xupa, MycKynary-
pbl, CTalHi0 NHHbKH, Bec W ap. CTamnio JTHHBKM CKBOPLOB OMNpEIENsIH [0 CHCTEMe
Heiotona (Newton, 1968).

OLEeHHTh MHTEHCHBHOCTb 3apaXeHHs MTHLbI HEMOCPEACTBEHHO MYTEM BCKPBITHA He
MPeCTARIANOCh BO3MOXHBIM, MOCKONBKY cOOp MaTepHala OCYLIECTBISICS HA TEPPHTO-
pUH HauMOHANbHOro mnapka. ITosToMy OUEHKY WHTEHCHMBHOCTH 3apaXKeHHs IPOBOIHITH
Mo pesy/lbTaTaM aHaiM3a Mpo6 IOMeTa NTHL, MCIO/b3ys CTaHIApTH3MPOBAHHBIH METON
®ionne6opra. [Ing 3TOr0 KaxAoro OKO/IBLOBAHHONO CKBOpLUA CaXald B OTAENbHBbIH
canok, JIHO KOTOoporo GbUI0 MOKpHITO uucTOi Gymaroii. ITonyyns oaHy npoGy nomera,
NMTHLY BBIMycKamH, a npoOy 3anuBand 2%-HBIM BOIHBIM DPAacTBOpoM OHXpoMara Kanus
M BBUIEPKHMBATM 6 CyT WIS CrHOpynsuMH. 3atem npoObl LEHTPH(YrHPOBaIH CO CKO-
pocteio 1000 o6/Mun B HacsieliHoM pacTBope NaCl 5 MHH, mocie 4Yero CTaHIapTHOE
KOJTMYECTBO [OBEPXHOCTHOIH IUIEHKH (5 meTelb JIHAMETPOM 5 MM) MEPEHOCHIH Ha
npeaMeTHoe CcTeka10. HM3ydenue mnpenaparoB NPOBOAWIM C IOMOLIBIO CBETOBOrO MHK-
pockona. ITofcyeT OOUMCT MPOM3BOAWIH IPH NMPOCMOTPE BCEro mpenapara. 3a MHTEH-
CHBHOCTb 3apaXeHHs NTHLBI YCIOBHO NMPHHHMa/IH KOJHYECTBO OOLMCT M30CMOp B Ipe-
napare.

CobpaHHblii HAMH MaTepHal CONEPXal COTHH ThICAY OOLMCT, H, BIIOJIHE ECTECTBEH-
HO, UTO M3MEpPUTh M OMKCATh MX BCE He MPEICTABIANOCh BO3MOXHbBIM. [ToaToMy MbI
usmepsiit no 30 BeIGpaHHBIX Hayral OOLMCT B Kaxaod mpobe W, Kpome TOro, mpo-
CMaTPHBATH BeCh NpENapar B IOMCKAaX OOLKCT, OTIHYAWIIMXCH OT THIHYHBIX.

OnuH 3apaxeHHblil CKBOpeu ObUl OTCaXeH B HMHIMBHAYalbHYIO KiIeTKy. OH Haxo-
auncs TaM ¢ 14 u 21.07 mo 20 4 24.07.1995. Knerka Haxonunach B GONBLIOM NOMe-
ILEHHK CO MHOXECTBOM OKOH, Ha ECTEeCTBEHHOM OCBEeLIeHHH. B KXjeTKe MOCTOSHHO
MPUCYTCTBOBAIH KOpM M Boaa. JlHo xietku Gbuto 3acteneno Genol Gymaroii, koTopyio
3aMeHsIA Ha YHCTYK Kaxaple 2 4 KPYIJIOCYTOYHO B TeYeHHe BCEero 3KCMepHMEHTa.
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Becs momer ¢ kaxmoro sucra cobupand B npobupKy, Ha KoTopod Obuta o6o3HauyeHa
nata ¥ BpeMeHHOH HHTepBal. IIpo6bl BbUIEPXKMBAIM 1A CNOPYIAUMH B 2%-HOM pacT-
Bope OMXpomaTa Kaius M MPOCMATPHBAIH TaK ke, KaK MpoObl OT MTHL M3 NPHPOMBL.

PE3YJIBTATBI

Bce wu3MepeHHble HaMH OOLIMCTBL [0 CBOMM . MOP(OIOrHYecKHM XapakTepuC-
THKaM COBMNaJaT¥ C ONHCaHHBIM OT CKBOpUAa BHAOM Isospora dilatata Schwalbach,
1959. Kpome oouuct /. dilatata y cksopua onucausl oouncts Eimeria balozeti Yaki-
moff and Gousseff, 1938, wo npencrasuteneii poma FEimeria HaMm o6HapyxuTh He
yaanoch. ¥ poacTseHHOro oObIKHOBEHHOMY CKBOpUY Buma Sturnus contra B Huouu
6bUTH OmuMcaHbl OOUMCTHI [sospora lonchurae Mandal and Chakravarty, 1964. B otiu-
yue ot I dilatata OOUMCTBI 3TOr0 BHIA HMEIOT OCTaTO4YHOe Teso M obnagant Gonee
KPYIHBIMH pa3MepaMH H OBaibHOH bopmoii. TakHe OOLMCTEI Yy CKBOPLUOB HamH 06Ha-
PYXeHbl He ObUIH.

KonuuectBo oouuct B npobax OT NTHL, Haxomdlguxcs Ha Gojiee paHHHX CTAIMAX
MOCTIOBEHHUIBHOH JIMHBKH, ObUIO MEHBIIHM, 4YeM B npobax ntuu ¢ 6osnee MO3THHMH
CTagHAMH JIHHBKH. TakuM 00pa3oM, WHTEHCHBHOCTb 3apakeHHS MOJIOAbIX CKBOPLIOB
H30CNOpPaMH BO3pacTaia ¢ TpPOJBHXEHHWEM JIMHBKH (pHc. 1, a). OmHako HHTepecHo
OTMETHTh, YTO SKCTEHCHBHOCTh 3apaX€HHA ITHL HAa BCEX CTAOUsIX JHHBKH OCTaBalach
NpakTHYECKH MOCTOSHHOH (pHc. 1, 6).

Pacnpenenenue KonuyecTBa BbUIENCHHBIX NTHLUAMHK OOLMCT 110 4YacaM CYTOK BBIIJIS-
aMT cneaylomuM obpasom (puc. 2).

Mo 14 4 KONHYECTBO OOLIUCT, BBLUIEISEMBIX CKBOpPUAMH, He3HauuTensHo, K 16 y
HabonaeTcss JOCTOBEpHOE YBEJNIMYEHHE 3TOro KofHYecTBa, B 17 4. onare cmag. K

4000
3500 a
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2000
1500
1000
500
0+ t o + +
E: 0 E: 14 E: S-1n E: 11-23

S

ol 4

10 +

E:0 Ei14 E:5-10 E:11-23
Puc. 1. 3aBHCHMOCTb 3apaXeHHOCTH MOJIOIBIX CKBOPLIOB OT CTallMH MX JMHBKHM, MO JaHHBIM 1995—
1997 rr.

a — WHTEHCHBHOCTh 3apaxeHus; no ocu abeumce — Gannsl uHbKH (0T 0 10 23); MO OCH OPAHHAT — KOJIHYECT-
BO OOUKCT, IUT.; 6 — IKCTEHCHBHOCTb 3aPaXeHHA; 10 OCH OPIHHAT — MPOLEHT 3apaXEHHBIX NTHLL.

Fig. 1. Dependence of Isospora infection of young starlings on the stage of their moult, accor-
ding to data 1995—1997 years.
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Puc. 2. Pacnpcncﬂcnuc KOMHYeCTBA OOUMCT H30CNOP, BBLUIENEHHBIX MoMMaHHBIMH B npupone ckKeop-
uaMH o yacaM CYTOK,

Mo ocu abecumee — yackl CyToOK.
OctanbHbie 0003HaYeHHs TakHe Xe, Kak Ha puc. l.

Fig. 2. The distribution of the number of Isospora oocysts from the birds caught in nature by the
time of day.

COXaleHHIo, y HAC OTCYTCTBYIOT aaHHble 3a 18 4, Tak Xak B 3TO Bpema He 6bUIO
noiiMado H¥ oaHoil nTuusl. [Tocne ewe ogHoro nmomgeeMa B 19 u, B 20 u 21 4 yucno
BBUIEJIEHHBIX OOLMCT ONATH yMeHblaeTcs. HecMOTpS Ha BO3MOXHOE HaTHYME [BYX
MUKOB BbLIeJeHUs ooLMCT Mexay 15 u 21 4, obuias TeHOEHUMS BbLIEJIEHHS OOLMCT B
9TOT MEPHOJ BpEMEHH OYEBMIHA.

B pesynbrare npocmoTpa npob OT CKBOpUA, CHAEBLIErO B HHAMBHAYAIbHOH KIETKe,
Mbl HaGniomaeM MHK BbuleSieHHst oouucT mexay 16 u 19 4 (puc. 3) M moutH nonHoe
OTCYTCTBME BbUIEJSEMBIX OOLMCT C MOJYHOYH N0 2 4 mHA. B pa3Hbie OHH HHTEHCHB-
HOCTh BBUIEJIEHHS OOLIMCT BO BpPEMS BEYEPHErO MMHKA TaKXKe 3HaUMTENbHO BapbHpOBasa
(puc. 4), npuyeM Kax[blil MOCAEAYIOWIMH I€Hb KOJHYECTBO OOLMCT, BBUIENAEMBIX TITH-
Ueif BO BpeMs BEYEPHEro IHKa, 3HAYHTENbHO YMEHBLIANOCH.

J50 1

250 +

1501
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- PO

0 7 3 5 7 9 11 13 15 17 19 21 23

Puc. 3. Pacnpcne;lcrmc KOJHYECTBA OOUMCT H30CMOp, BBUIENICHHBIX CKBOPUOM B HEBOJIC 10 HacaMm
CYTOK.

[lo ocu abcunce — 4ackl CYTOK.
Ocranbble 06o3HaYeHHs TakHe ke, Kak Ha pHc. 1.

Fig. 3. The distribution of the number of Isospora oocysts from the starling in captivity by the
time of day. )
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Puc. 4. Pacnpegenenue KOnHUYecTBa OOLUMCT, BbUIEJEHHBIX CKBOPLOM B HEBOJE 110 YacaM CYTOK B
Pa3HbIE OHH.

Fig. 4. The distribution of the number of Isospora oocysts frim the starling in captivity by the
time of day in different days.

OBCYXIEHHE

3aBHCHMOCTb HHTEHCHBHOCTH 3apaX€HHs MOJOMBIX CKBOPUOB OT CTAIHH HX JTHHBKH
MOXHO pPacCMaTpPHBaTh KaK 3aBUCHMOCTH 3apaXeHHOCTH OT Bo3pacTa. M3secTHO, 4TO criycTs
20—25 gHeii ocie BEUIETA U3 THE3/I MOJIO/Ibie CKBOPLIBI HAYHHAIOT MOCTIOBEHHIBHYIO THHb-
Ky. Hauano THHBKH y CKBOPLIOB MPHX0AHTCA Ha Bo3pacT 42—353 cyT n npononxaerca 110—
130 aueit (Hockos, 1990). Takum o6pasoM, ckBopusl co craguei nuHbkH E:0 He crapue
53 cyT, a Bo3pacT ckBopuUOB co cranuei muHbKH E:50 cocrapnser ot 150 no 180 cyr. Bos-
PacT CKBOPLIOB C CaMOii NPOIABHHYTOH CTafHeH IHHBKH M3 TEX, YTO MONATHCh HaM B [1EPHOA
skcnepuMenTa (E:23) cocrasnan cootsercTeenHo okono 120 cyr.

HabnogaeMoe HaMH BO3pPAacTaHHE HMHTEHCHBHOCTH 3apaXeHHs MOJIOAbIX CKOPLOB B
XOf€ NPOABMKEHHS HX JIMHBKH MOXeT OOBACHATHCS HECKONBKHMH MpHYMHaMH. Bos-
MOXHO, YTO JIHHBKA K4K SHEProeMKHil MpoLecc NMOHHXAeT CONMPOTHBISEMOCTh OPraHH3-
Ma [THUBI, YTO M MPUBOAMT K YBETHYEHHIO WHTEHCHBHOCTH €€ 3apaXeHHd H30CMOpaMH.
Opnako Gosiee BEPOSATHBIM MPEACTABAAETCH, YTO MOBBILIEHHE WHTEHCHBHOCTH 3apaxe-
HMS NTHL CBA3aHO ¢ WX Bo3pacToM. CTaHOBSCH CTaplie, MOJOMbIe CKBOPLLI OOBEAHHS-
jorca B crau cnepsa no 10—20, 3zatem nmo 100—200, a mo3xe Mo HECKONBKO ThICAY
ocobeii (Feare, 1984). Takue ctan Ha KyplUCKOH KoCe COBEpIUAIOT SPKO BbIpaXEHHbIE
KOYEBKH, Ha3biBae€MBIE MPOMEKXYTOUHBIMH Murpauusamu (Schiiz, 1932). Cnmenyer otme-
THTb, YTO poI Isospora He HyXIaeTcs B NMPOMEXYTOUHOM XO3SHHE M 3apaXeHHe Ipo-
MCXO[IMT MACCHBHO MPH 3arfaThlBAHHH 3peJbIX OOLMCT C MHULIeH WKW ¢ Boaod. Takum
obpasoM, CTaiiHOe MOBeeHHe H MaccOBble KOYEBKM CKBOPLOB MOIYT Crnocob6cTBOBaTh
HX TEPBUYHOMY H IOBTODHOMY 3apaXeHHAM.

[lpu 3TOM HHTEepecHBIM (DAKTOM OKa3blBAETCA MPAKTHYECKH He H3MeHsloulaicd B
XOlle TMpOABHXKEHHS JIMHBKH MO/ 3apaXeHHbBIX MONOAbIX ckBopuos (puc. 1, 6). B
CBA3H C 3THM MOXHO MPENNONOXHTh HATHYHE ONpPENE/IEHHOro NPOLEHTa NTHLL, IeHe-
THYECKH WM 10 KakKOi-TO ApYroi npuuuHe Gosee yCTOHYMBBIX K 3apaxeHHI0 H30CMO-
pamu. B 3apaxeHHBIX NTHLAX, MO-BHAAMOMY, NPOMCXOIMT OYEHb WHTEHCHBHAA 3HJIO-
reHHas arioMepauHs MapasuTa.
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Tenepe 05paTHMCs K CYFOYHOH IHARAMHKKE BbOENeHHA oouHcT. M3 npefcTaBnesHbIx
R2HHBIX SCHO BHIHO HAMHYHE BEHEPHEro NHKa HX BblmenenHa. K coxanenwuio, H3-3a OTCYT-
CTBHA JAaHHBIX 32 18 4 MBI HE MOXEM CKa3aTh OMpENeIEHHO, ABNIETCH 1M YMEHBIUEHHE HH-
TEHCHBHOCTH BRIACTEHHA OOLIMCT NTHLaMU B 17 ¥ cRydalinbiM HAH Ke HMeeTCd nBa Beyep-
HHX nHKa. B oTauuMe oT NaHHBIX 33 APYFHE Yachl A2HHEIE 32 17 9 NOJyueHsl OT NTHL, NpH-
HAUTEXABMUX K OHOH CTae, H CNegoBaTenbHO, HeOONBIUOE KOMHYECTBC BRUTENAEMBIX HMH
OOUKCT MOXeT GbITb THLIb CAEACTBHEM HH3KOH 3apaXeHHOCTH Beel cTan. Kpome Toro, Bce
ITHUB H3 3TOH CTaH KMEAH HAYaNbHBIE CTARHH JIMHBKH, T. €. ObLAM HEJABHO BLUICTEBLIHMH
H3 FHE3, 9TC MOXET TakXe OBTh MPHYHHOA HH3KOH HHTEHCHBHOCTH HX JAPAXKEHHN, KaK
6bisio Moxasado Beiue (puc. 1). Cnenyer OTMETHTH, YTO OCHOBHAS MAacca OCUMCT ¥ BCEX
NTHL OTHOCHNACH X OXHOMY H TOMY X¢& BUAY, H CAENOBATENEHG, €CNH (IPENNOIOKHTE HATK-
4pe IBYX BEYEPHUX MHKOB, TO HX HEMHIA 0GLACHATD HPOCTBIM MPHCYTCTBHEM PA3HBIX BHIOB
H3IOCIIOp B KaXKNOM H3 HHX,

Moxno 6Oputo 6B NpPENNONOXHTE, YTO BRUIETICHHE OTHLUAMH OOLMCT BO BTOPOM
NonoBHHE [HA ceAzaHo ¢ Bonee YacToil Noumxoil 3apaxeRHbIX ocobell B 3TO BpeMms.
IeficTBHTEABHO, HE MCKIIOYEHO, YTO MOBEIEHHE 3aPaXEHHBIX M HE3APAKEHHBIX IITHL
OTIIHYAETCA, H 3apaxXeHHwie NTHUB Oolee AaKTHBHBI B BedYepHHE 4Yackl, NMOTOMY uaule
nonanaieTcs HMEeHHO B 3Te BpeMs. Oosaxko npobsl OT CKBOpLA, CHAEBIIETO B KIETKE,
HEMOHCTPHPYIOT IHK BBINENEHWA OOLIMCT BEUEPOM M MONHOE OTCYTCTBHE OOUHCT B [O-
METE B IIEPBOH MONOBHHE DHA. TO ke NONTBEPAKIAIOT ONHTH | BHHHEPA CO CKBOPLIAMH
u pabGotel ¢ BOpoOeaMH (Boughton, 1933; Grulet e. a., 1986).

Takum ofpazoM, NpocMaTpHRas YTpeHHIOW Npoly MOMETAa 3apaxXeHHOro CKBOpLA,
MOXHO cllenats onniOovHbI BHIBOA O €ro He3apaXeHHOCTH Hiocnopamu. IIng cpabHe-
HHA HHTEHCHBHOCTH 3aDAKEHHA MIOCNOPAMH CKBOPLOB (M, NO-BHAMMOMY, MHOMHX IpY-
THX BHIOB BOPOOBHHBIX ITHU), A TAKXKE IPH CPABHEHMM IKCTEHCHBHOCTH 3apaKeHus
CTall NO KOIHYECTBY CONMCT B Mpofax NOMETa, CAENYET YUHTLIBATh HaNMU4YHe UMpKai-
HOTO DHTMA BBUIEMEHH OOMUCT,

B HacTosulee BpemMi Mbi He MOXeM OOBACHHTL HANHYHE BEYEPHErO MHKaA BbIZENE-
-uHg oounct. H3 pabotr I'eHHHepa cnemyer, WTO 3TOT MWK COBNANAET C IOBLILICHHEM
KOHIUEHTPALIHK MENATOHMHA B KPOBH Xo3aHHA. Ilo-BHOMMOMY, MaccOBOE BhIDENeHHE
OOUMCT BO BTOPOil NOIOBMHE HHA MOXKET HMETh aJaNTHBHOC 3HAYEHHE ATIY NapazHTa.

B BeuepHee BpeMs KOPMOBAaA aKTHBHOCTB NITHLL OYEHB BhICOKa, MOXHO Mpeamnono-
KHTh, UYTO OOUHCTH M3IOCOOP, BEUICTHBIUHECA B 3TO BpEMH, MMEIOT (ONee BLICOKHI
wazic 6uITE NPOrICYEHHBIMH MTHIIEH TOTC Xe BHOA HA TOM XE€ MECTe HECKONBKO AHeN
cnycTa. Bo scakoMm cnyvae, Takol MEXaHW3IM NMOJBOMAET NapaluTaM MOBLICHTh KOHLEH-
TPAUMI0 HHBA3HOHHEIX OOUMCT H&Z MECTax KOPMEXKH Xo3geB. Kpome TOr0, OOUHCTH
u3ocnop rubHyT NP BHICBIXaHHH. JIO3TOMY BO3IMOXHO TakXe, YTO BBUEIEHHE HECMO-
PYIHPOBABLIKX OOLWCT B BEYEPHME, & HE B YTPEHHHE HaCHl MpeNoXpaHdeT HUX OT Bbl-
CBIXAHHA H3-33 HCMEJICHHOIO M JIHTENbHOIC BO3NCHCTBHA COAHEYHBIX Ay4el M MATOH
BJIAXKHOCTH, :

Ecnu mpuHATE OOHY K3 3THX THNOTE3, TG MENATOHHH CAYXHT JIHIUB YCNOBHBIM
CHIHAIOM HNA BHULETCHHS OOLHCT M3IOCMOP, TAK KaX NMOBLILEHHE €ro KOHUEHTPAUHH B
KPOBH IITHUB! CBA3AHO € HACTYNMEHHEM OMpEeSeHHOIO BpeMeHH cyTok. Kpome Toro,
MOXHO MPENNOJOKHTE, YTO MENATOHHH ¢aM ABAAETCA NPHYHHOM BBIBENEHMA OOUMCT M3
OpraHusMa xo3suHa. TTocKObKY MERATOHMH AKTHBH3HDYET HMMYHHYIO CHCTEMY JKHBOT-
Horo (YepubiuieBa, 1995), BO3MOXHO, Y4TO MACCOBOE BELIEEHHME OOUHCT NPH YBEIHYE-
HAH KOHLUEHTPALKMH MEMaTOHWUHA B KPOBH XO3FHHA NPOHCXOZHUT B OTBET HA H3IMEHEHHE
AKTUBHOCTH Er0 HMMYHHOH CHCTEMBL

Bce aTH rumoress! He HCKAOMYAOT OPYr Opyra. BoiMoxHO, UTO BBUIEREHHE OOUMCT
K3I0CHOpP B BEYEPHHE Yachl SBASETCA CNOXKHOH afganrtaudeRl K PHIHOAOTHYECKUM PHUT-
MaM H foBeleHH xo0ies. Kak Owl To Hu Gbulo, BIAHMOCBA3b UMPKAUHBIX PHTMOB
AKTHBHOCTH BOPOOBHMRBIX MTHU H DPHTMOB BBUIESIEHME OOUMCT H3OCTIOP ABIAETCS HHTE-
pecHol TeMOH M HyXJaeTcs B JansHeHINeM HCCNIETOBAHHH.

Crates Bunonnena B pamkax THTIT «Buonoruseckoe paiHoobpaskes,
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DIURNAL OOCYST PERIODICITY IN ISOSPORA DILATATA (SPOROZOA,
EIMERIIDAE) FROM THE COMMON STARLING (STURNUS VULGARIS) IN NATURE

0. V. Dolnik
Key words: Isospora, periodicity, avian parasites.

SUMMARY

One hundred of young starlings were caught in the different time of day on the Courish spit of the
Baltic Sea (55°12'N, 20°46'E). The feces of these birds were collected at the time of capture and then
examined to find /sospora oocysts.

The intensity of infection was higher among the starlings at an early stage of the postjuvinal moult
that among those who were at the last stages of the moult.

The Isospora oocysts were observed only in feces that were collected in the afternoon. The most
number of oocysts were observed in feces collected between 4 p. m. and 7 p. m.

In the droppings of one starling, who was sitting in a cage for four days, the oocysts were also

observed only in the afternoon.

The appearance of Isospora oocysts in the droppings of birds only in the afternoon may have adap-
tive meaning. For example, it can increase the concentration of invasion oocysts at forage places of the
host. It can also preserve the oocysts from drying up immediately because of the straight sunlight and
low humidity.
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CHAPTER 3.1. (Translation)
Diurnal periodicity of oocysts release of Isospora dilatata (Sporozoa:
Eimeriidae) from the Common Starling (Sturnus vulgaris) in nature
Parasitologiyva 1999, 33 (1): 74-80 (in Russian, English summary).

Introduction

Birds have circadian rhythms that are controlled by the pineal organ in the brain (Menaker &
Oksche 1974). Its predominant cell types are modified photoreceptors that produce the
hormone melatonin. Synthesis of melatonin depends on the light condition, it is inhibited by
light and initiated by darkness. Chemical mechanisms of the influence of light on melatonin
synthesis are known (Chernisheva 1995). It is shown that the rhythm of melatonin production
coincides with locomotion activity rhythm of the bird and is corrected according to
photoperiod (Takahaschi 1982). The reverse of the light (light at p.m. hours and darkness at
a.m. hours) leads to reverse in melatonin production by isolated pineal organ. Injection of
melatonin modifies the locomotor activity rhythm of a bird and introduces a rhythm to a bird
with removed pineal organ (Gwinner 1978). Thus melatonin plays an important role in

regulation of circadian rhythms in birds.

Periodicity in coccidian oocyst appearance was first shown by Boughton (1933) on Isospora
oocysts from a House Sparrow (Passer domesticus). He also showed that reverse of light
leads to reverse of oocyst output rhythm (Boughton 1933). It was shown on captive House
Sparrows that all the endogenous stages of Isospora development are strictly synchronised by
time with a 24-hours period (Grulet et al. 1985). The existence of oocyst output rhythm in

birds in the wild was not shown up to now.

We collected material to follow the diurnal pattern in Isospora oocyst output in many bird
species in the wild. Here we present the data from Starling, one of the most numerous bird

species at the site of our investigation.

Material and methods

The study was carried out in summer 1995-97 on the Courish Spit Baltic Sea (55°12'N,
20°46°E). At the time of our study the sunrise was between 5.00-5.30 a.m. and the sunset at
10.30-11 p.m. The material was collected at the Biological Station of the Zoological Institute
RAS in Rybachy where birds were trapped by mistnets and ringed in frames of international

bird ringing programme MRI.
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For this study 100 of young Starlings were trapped. Birds were taken out from the nets every
full hour, and ringed following routine protocol. Recorded data included date and time of
capture, ring number, bird species, sex, age, fat and muscle rate, stage of moult and body mass.

Stage of moult of starlings was described by the standard 50 gradation scale (Newton 1968).

It was impossible to estimate the intensity of Isospora infection directly by dissecting the host
because we carried out our work on the territory of a national park. Therefore, we estimated
the intensity of infection using faeces samples analysed by a modified standardised method of
Fiilleborn. Every ringed Starling was put into a small separate cage with clean ground paper.
From every individual bird we collected one dropping of faeces. The bird was released and
the dropping was put into an individually marked tin with 2% kalium dichromate solution The
samples were kept at room temperature for 6 days to allow sporulation. Then the samples
were centrifuged for 5 minutes (1500 RPM) in saturated NaCl solution. Standard quantity of
surface level (5 loops of 5 mm diameter) was taken. Light microscope (<100, x400, x1000)
was used. To avoid mistakes in counting the oocysts that can be caused by oocyst clustering,

we looked through the whole preparate.

Some of the collected samples contained thousands of oocysts, and in that case it was
impossible to measure and determine every oocyst. We measured 30 oocysts per sample and

were searching for untypical oocysts while looking through the whole preparate.

One infected starling was kept in an individual cage from 2 p.m. 21 July until 8 p.m. 24 July.
The cage was exposed to natural light conditions. Food and water were offered ad libitum.
The bottom of the cage was covered by paper that was changed every two hours during days
and nights along the whole experiment. All the faeces from the paper were immediately
collected into a tin with kalium dichromate to avoid drying. The tins were marked with date
and time. The samples were kept in kalium dichromate for the sporulation and then checked

the same way as the samples from wild birds.

Results
All the oocysts that we observed in the Starling samples belonged to Isospora genera.
According to their morphological characteristics all the oocysts that we measured belonged to

Isospora dilatata Schwalbach 1959.

The amount of oocysts in the samples from birds with earlier stages of moult was lower than
from birds with later stages. Thus, the intensity of infection in young starlings increased
during moult (Fig. 1a). The prevalence of infection, however, was not significantly different

in birds of different moult stages (Fig. 1b).
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Oocyst production before 2 p.m. was very low. More than 90 % of the oocysts were found in

the samples that were collected between 4 p.m. and 8 p.m. (Fig. 2).

The peak of oocyst production from the captive Starling was between 4 p.m. and 7 p.m.
(Fig. 3). There were no oocysts in the samples taken at the time between midnight and 2 p.m.
The oocysts output was different in different days (Fig. 4) so that on the second and third day

the intensity of infection decreased.

Discussion

We did not observe any oocysts of Eimeria in the Starlings’ samples, though Eimeria balozeti
Yakimoff et Gousseff 1938 is known for Starlings. We also found no oocysts of Isospora
lonchurae Mandal & Chakravarty 1964, that was described from Sturnus contra in India.
These oocysts are larger than 1. dilatata, have oval form, and residuum body. Presence of only
one Isospora species in samples is an important fact that excludes the possibility of

overlapping the oocyst output patterns of different species.

The increase of intensity of infection with moult can be caused by several factors. We can
suppose that moult as an energy consuming process reduces the immune defence of the
organism that leads to the increase in Isospora infection. But dependency of infection
intensity in young starlings on their stage of moult can be also interpreted as dependency from
age. Young starlings in NW Russia start postjuvenile moult at an age of 42-53 days and the
moult continues for 110-130 days (Noskov 1990). Thus, Starlings that did not start their moult
yet (stage E:0) are not older than 53 days, and the age of Starlings with the highest moult
stage among those we sampled (E:23) should be about 120 days. After fledging the young
starlings gather first in small flocks of 10-20, then 100-200, and later of several thousands of
birds (Feare 1984). On the Courish Spit these flocks show summer migrations, so-called
"Zwischenzug" (Schiiz 1932). Isospora parasites do not include intermediate host and the
infective oocysts enters a new host passively, swallowed with food or water. Therefore,
gathering in flocks and groups can rise birds’ risk to become infected or re-infected with

Isospora.

It is interesting to notice that the prevalence of infection does not change significantly with
age. We can suggest that there is a certain part of birds in the population that by some reasons
are resistant to Isospora infection. On the other hand, in infected birds a very intensive

multiplication of the parasites takes place.
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Now about the diurnal pattern of oocyst output. We can see that oocyst output occurred in the
late afternoon, mostly between 4 p.m. and 8 p.m. Unfortunately we did not trap any Starlings
at 6 p.m. and therefore we can not say if the lower oocyst output at 5 p.m. was just occasional,
or if there were two peaks of oocyst output. Five o’clock was the only hour when all the
samples were taken from birds of one flock, that means, lower intensity at this hour can be
caused by lower intensity of that particular flock. Moreover, all the birds from that flock were
recently fledged, at the very beginning of their moult stages, which can also explain their
lower oocyst output level. As there was only one species of Isospora found in the samples, the

probable two peaks can not be caused by the presence of two different parasite species.

One could suppose that the higher number of oocysts in evening samples is due to the effect
that more infected birds are trapped in the afternoon. It is probable that the behaviour of
highly infected birds differs from the behaviour of uninfected ones. But our experimental
Starling, as well as the experiments of Boughton (1933) and Grulet et al. (1986) with

Sparrows prove that there are diurnal changes of Isospora oocyst output within an individual.

To compare intensity of Isospora infection of Starlings (and probably many other species of
passerine birds), as well as to estimate the prevalence of Isospora infection in passerine birds
population based on counting of oocysts in the faeces samples one should always take into

account the diurnal periodicity of Isospora appearance.

We can not explain why the oocysts appear in the afternoon. From the work of Gwinner
(unpubl.) it seems that the peak of oocyst production coincides with increase of melatonin
concentration in the blood of the host. It is possible that mass oocyst appearance in the

afternoon may have some adaptive reasons for the parasite.

The feeding activity of birds in the evening is high. We can suppose that the oocysts that are
released at that time have higher probability to be swallowed by the next host at the same
place some days later. Releasing at the feeding places of the birds allows to increase the
concentration of invasious oocysts at the feeding places of hosts. Drying out kills the oocysts,
therefore we can also suggest that afternoon output protects the unsporulated oocysts from

immediate drying out from direct sunlight and low humidity.

If to accept one of these hypothesis, then melatonin is just a signal to oocyst output and it’s
increase in blood indicates the time of day for the parasite. Another hypothesis is that
melatonin by itself is the reason for the oocyst output. Melatonin activates the immune
system, and oocyst output during melatonin concentration increase in blood can be the

outcome of changes of the activity of the immune system.
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The oocyst output in the afternoon is likely to be a complicated adaptation to physiological
rhythms and behaviour of the host. The interaction of circadian rhythms of birds and rhythms
of parasite development may be the result of long-lasting co-evolution and this interesting

subject deserves further investigations.

This article is supported by grant “Biological variety”
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CHAPTER 3.2.

PROCEEDINGS OF THE ZOOLOGICAL INSTITUTE RAS, vol. 281, pp. 113-118

Olga V. Dolnik

Zoological Institute, Russian Academy of Sciences, Universitetskaya nab. 1,
St. Petersburg, 199034, Russia

DIURNAL PERIODICITY IN APPEARANCE OF ISOSPORA
(PROTOZOA: COCCIDEA) OOCYSTS FROM SOME
PASSERINE BIRDS

Coccidia are wide spread one-cell parasites of invertebrates and vertebrates.
Diurnal periodicity in appearance of some stages of Coccidea development is well
known for Plasmodium sp. (ord. Haemosporida), but it is not described for Eimeria
sp. (ord. Coccidiida). At the same time diurnal periodicity of Isospora sp. (ord.
Coccidiida) oocysts has been recorded from sparrows (Passer domesticus) in
captivity (Boughton, 1933; Schwalbach 1959, Grulet et al. 1986). We checked the
existence of this diurnal rhythm of /sospora oocysts from several other species of
passerine birds in the wild, and compared the results with data from caged birds.

MATERIAL AND METHODS

Studies were undertaken on Biological Station on the Courish Spit of the
Baltic Sea. During the years 1995-1998 we checked more than 950 passerine birds
of 50 species in the wild, and more than 40 birds of 9 species in captivity. Some of
the material is presented in this paper. 112 young Starlings (Sturnus vulgaris), 66
Scarlet grosbeaks (Carpodacus erythrinus), 60 Garden warblers (Sylvia borin), 45
Reed warblers (Acrocephalus scirpaceus), 42 Willow warblers (Phylloscopus
trochilus), and 37 Chaffinches (Fringilla coelebs) were trapped by mistnets at
different time of day during June and July, 1996-98. Fresh feces from the birds
were collected at the moment of capture, the birds were released after ringing them.
When the sporulation of the oocysts was completed, the samples were checked
using the standard method.

Flotation method of oocysts concentration was used. Each sample was
centrifuged in saturated NaCl solution (5 minutes, 1500 R.P.M.). The standard
quantity of surface layer (5 loops, diameter of the loop is 5 mm) was taken. The
number of oocysts was counted while checking the whole sample.

Fourteen birds (6 White wagtails, Motacilla alba, 5 Chaffinches, Fringilla
coelebs, 2 Starlings, Sturnus vulgaris, and one Blackcap, Sylvia atricapilla) were
kept in cages under natural light conditions. Feces samples from the caged birds

© O.V. Dolnik, 1999
© Zoological Institute RAS, St. Petersburg, 1999
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were collected every 2 hours during several days and were checked using the same

method.
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1. Isospora oocysts’ output from birds in the wild (summer)
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RESULTS

In all six selected species of free-living passerine birds oocysts of Isospora
were found. The number of oocysts in the samples occurred to be different in
different time of day (Fig. 1). All data concern only the light time of day, because
these species of birds can’t be caught by mistnets in the darkness. The six species
belong to four families of Passeriformes, and they had different species of /sospora.
We also can see a great difference in the intensity of /sospora infection between the
host species as well as between the individuals. Nevertheless, all of them clearly
show one peak of oocysts’ output in the afternoon. There are no or nearly no
oocysts in the morning samples. The peaks vary in forms, they can start at earlier or
later time, but they are always between 4 and 8 p.m.

In captivity we can see the similar model (Fig. 2). The four species of birds
belong to four different families. Under the experimental conditions it was possible
to collect samples from both light and dark time of day. On Fig. 2 the hours of
darkness are marked by black bars. There was nearly no oocysts output not only
during morning time, but also at night. The oocysts output was only in the afternoon
and had one peak. Compared to the free living birds, birds in captivity can start
oocysts output earlier, and finish it later; so the time when the peak appears is
between 1 and 9 p.m. It is also interesting to notice that in most of the caged birds
during the first day of captivity the number of oocysts in afternoon samples was
significantly higher, than during the next days.

DISCUSSION

The existence of a diurnal rhythm in Isospora oocysts output was described
for the first time by Boughton (1933). He collected feces from caged House
sparrows (Passer domesticus) at different time of the day, and he showed that the
oocysts appear mostly in the afternoon, their output has one peak, and that the time
of their appearance doesn’t depend on the time of birds feeding. He also showed in
the experiments, that the rhythm of oocysts output is connected with the
photoperiodical conditions: after a reversion of light and darkness, there was a
reversion of the oocysts output time. His paper attracted no attention and later on it
was forgotten, because at that time there was no theory of birds’ circadian rhythms
yet. Schwalbach (1959) also revealed such a rhythm of oocysts’ output in the caged
house sparrows, and showed that there can be a slight difference in the form of peak
and in its time between individual birds. In 1986 it was shown that in caged
sparrows not only the oocysts’ appearance, but also all the other stages of Isospora
development are well synchronised. All the three papers were made on one species
of birds and under experimental conditions. In our previous research we showed the
existence of evening Jsospora oocysts’ output from free-living Starlings on the
Courish Spit (Dolnik, 1999) and from free-living Chaffinches in north-eastern
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Poland (Gryczynska et al., 1999). We also showed the later time of maximum
Isospora oocysts’ output in autumn compared to summer (Dolnik, 1998).
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In this paper we present the diurnal models of Isospora oocysts’ appearance
in the wild for six species of hosts. Unfortunately sometimes it was impossible to
cover every next hour of a day by trapping the birds of the same species, but despite
some missing data, the general model of oocysts’ output within the period between
4 and 8 p. m. is obvious (Fig. 1). Up to now nobody knows the effect of Isospora
on host’s behaviour. That is why one can suppose, that the increase of oocysts in the
samples from birds caught in the evening can be connected with higher activity of
infected birds at this time of day. But the experiments with caged Sparrows that
were described above as well as our data (Fig. 2) show that individual birds have
rhythms of oocysts output. So the rhythm exists in different species of Isospora and
their hosts. What kind of biological meaning can it have for the parasite?

Isospora from passerine birds are homoxenous parasites, so such a rhythm
cannot be an adaptation to the time of intermediate host’s activity, as it is in case
with Plasmodium.

It is known that in nature passerine birds have two peaks of feeding activity,
one in the morning, and the other one in the evening. During this time birds visit the
same territories for feeding. In breeding season they collect food at the same
territory every day, during the migration time many species gather in flocks and
feed all together. If parasites appear in feces during this time, the concentration of
oocysts at such places increases. This gives better chances to oocysts to infect a new
host of the same species. But then why don’t oocysts appear at both feeding peaks
of the host? May be the appearance in the afternoon prevents the oocysts from
straight sunlight and from getting dry during the first hours. There can be also
another explanation. It is known, that in some passerine species with the start of so-
called “migration state” the moming peak of feeding activity disappears, but never
the evening one (Dolnik, 1974).

What can be a signal for the oocysts to get out from cells into intestines and
then outside? As it was said before, in experimental conditions they don’t react on
the time of host’s feeding, but on photoperiod. Circadian rhythms of birds are
controlled by pineal organ and by its hormone melatonin. Pinealectomy destroys
not only the circadian rhythms of pinealectomized starlings but also the rhythm of
their Isospora oocysts’ output (E.Gwinner, personal communication). Nevertheless,
up to now we can’t say anything about how in blood melatonin can influence
intracellular intestinal parasites. But even irrespective of a mechanism, the diurnal
Isospora oocysts’ output rhythms, that exist in nature as well as in caged birds of
different species and families, should be an important adaptation of these parasites
to their hosts, and it is an important special feature of /sospora genus. The existence
of such a rhythm must be taken into account while collecting material about
Isospora infection of birds. For receiving comparable data sampling should be done
in the afternoon, during the peak of oocysts” output.

17
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Isospora sylvianthina (Protozoa: Coccidiida),
parasite of Blackcap, does not infect Reed Warbler

0.V. Dolnik

Dolnik, O.V. 2002. [sospora sylvianthina (Protozoa: Coccidiida), parasite of Blackcap,
does not infect Reed Warbler. Zoosystematica Rossica, 10(2), 2001: 240.

Sporulated oocysts of fsospora sylvianthina were extracted from faeces of Blackcaps.
Reed Warblers and control group of Blackcaps (both species belong to the family Sylviidae)
received a similar dose of the oocysts. [sospora sylvianthina did not infect Reed War-
blers. This experiment provides one more evidence that at least some [sospora coccidia

are narrow host specific.

O.V. Dolnik, Zoological Institute, Russian Academy of Sciences, Universitetskaya nab. I,
St.Petersburg 199034, Russia, and Institut fiir Vogelforschung “Vogelwarte Helgoland”,
An der Vogelwarte 2{, D-26386 Germany.

Most of intestinal coccidian species that infect passerine
birds belong to the genus fsospora (Pellerdy, 1974). Many
authors studied isosporans from over 100 bird species
and called them all fsospora lacazei (see Levine, 1982
for a review). However, this is not based on cross-trans-
mission studies, which have very rarely been carried out,
but on a structural resemblance between the oocysts of
the forms from the various hosts, and on tradition (Levine,
1982). To orientate oneself in the descriptions that al-
ready exist in literature and to describe new Isospora spe-
cies from passerine birds, the question of specificity of
these parasites is very important.

Levine (1982) assumed that “a coccidian species may
be transmissible from one species to another in the same
genus, but not from one genus to another in the same
family until otherwise demonstrated”. Unfortunately, up
to now there are only three cross-transmission experi-
ments that are published (Cerna, 1973; Barré & Troncy,
1974; Box, 1980). Therefore it is clear that other experi-
ments that will support or disprove this suggestion are
necessary.

Young Blackcaps (Sylvia atricapilla) and Reed War-
blers (Acrocephalus scirpaceus) were kept in the Insti-
tute of Bird Research, Wilhelmshaven (Germany) under
controlled laboratory conditions. Seven Blackcaps and
seven Reed Warblers were chosen for the experiment.
The Blackcaps were naturally chronically infected by fso-
spora sylvianthina Schwalbach, 1959. The Reed Warblers
were naturally infected by another fsospora species. There
is no described fsospora species from Reed Warblers but
the oocysts observed fit the /sospora sp. type 14 men-
tioned by Svobodova (1994).

To prepare oocysts for infection, we used one highly
infected Blackcap that was infected with sospora syl-
vianthina only. We extracted the oocysts from the faeces
and concentrated them in tap water. The birds were orally
infected by a standard dose of ca. 1x10% oocysts per bird.
Facces were sampled daily at the same time (3 hours be-
fore the light was off) because this time is the peak of

Isospora oocyst output (Dolnik, 1999). Oocysts in sam-
ples were counted by the improved method (Dolnik &
Bairlein, in prep.).

Oocyst output in Reed Warblers did not show any
changes. On the contrary, in all the Blackcaps the oocyst
output increased more than 1000 times on the third post-
infection day, and this peak continued for two days.

Blackcap and Reed Warbler belong to the same family
Sylviidae but to different genera. We showed that /so-
spora sylvianthina, parasite of Blackcap, does not infect
Reed Warbler. This experiment provides one more evi-
dence that at least some [sospora coccidia are stringent
host specific. This fact is important for describing new
species of these parasites.
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CHAPTER 4.2.

Isospora fauna of passerine birds on the Courish Spit, Baltic Sea

Introduction

Coccidia are ubiquitous intracellular parasites of vertebrates and invertebrates and
represent some of the most prevalent and abundant parasites known (Duszynski & Upton
2000). Most of the Eimeriidae species are within two genera, Eimeria and Isospora, and
the most numerous genera in passerine birds is Isospora (Pellerdy 1974). The great
majority of Isospora species are known only from the structure of their sporulated oocysts.
The morphology of sporulated oocysts of different species is structurally different from
each other. Cross-transmission experiments with Isospora from passerine birds have
shown that species from one host generally do not infect hosts from other genus (Cerna
1973, Box 1980, Dolnik 2002), though some species cross generic boundaries (Barré &
Troncy 1974). Therefore we can expect that every species of passerine birds is a potential
host for some Isospora parasites. Investigation of many bird species will contribute to our

knowledge on Isospora fauna.

Courish Spit of the Baltic Sea is situated on an excellent place of migration route of
passerine birds and gives outstanding opportunities to study bird migration. This was
noticed already over a century ago when Johannes Thienemann founded the world’s first
ornithological station there. Apart from local birds, short-distant migrants on their journey
from Scandinavia to Central and Western Europe and back as well as long-distance trans-
sahara migrants can be trapped there, and it is a stopover site for many bird species. This
site can be also taken as an excellent opportunity to study parasite fauna of passerine birds.
The aim of our study was to explore which species of Isospora occur in local and

migrating passerine birds on the Courish Spit.

Material and methods

Birds were trapped at the Courish Spit, Baltic Sea (55°12'N, 20°46’E) in the afternoon in
spring, summer and autumn 1995 - 2000. In total, 1038 birds of 55 species that belong to
17 taxonomic families were checked for Isospora oocysts. Faeces were collected and
stored individually in 2% aqueous solution of K,Cr,O; at room temperature to allow the
sporulation. Each sample was examined immediately after flotation centrifuging in
saturated NaCl solution. Preparates were examined under 100x magnification to determine
the presence and the number of oocysts. For the species determination 1000x

magnification with immersion oil was used.
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Results

We found Isospora oocysts in the samples of 40 investigated bird species. Out of 41 types
of Isospora oocysts that were found, 17 types were identified as previously described
species, and for 1 type the identification was uncertain. A further 14 types we determined
as previously mentioned by some authors as "Isospora sp.", and the rest 9 types found are
probably new species (Table). The infection in 25 bird species was single with only one
type of oocysts, 15 species had double infections and in one species also triple infection

appeared.

Table. Isospora coccidia found in passerine birds. n — number of examined individuals,
+— number of infected individuals.

Host species Host family n + Parasite species
Acrocephalus arundinaceus | Sylviidae 11 | 5 |Isospora schoenobaeni Dolnik 1999
(syn. Isospora sp. type 12 Svobodova 1994)
Acrocephalus dumetorum Sylviidae 110 —
Acrocephalus palustris Sylviidae 15 | 6 | Isospora sp. type 13 Svobodova 1994
Acrosephalus schoenobaenus | Sylviidae 20 | 13 | Isospora schoenobaeni Dolnik 1999
(syn. Isospora sp. type 12 Svobodova 1994),
Isospora sp. type 13 Svobodova 1994
Acrosephalus scirpaceus Sylviidae 61 |29 |Isospora schoenobaeni Dolnik 1999
(syn. Isospora sp. type 12 Svobodova 1994)
Isospora sp. type 13 Svobodova 1994
Aegithalos caudatus Paradoxonithidae 7 | 4 | Isospora sp. type 24 Svobodova 1994
Cannabina cannabina Fringillidae 1 | 1 |Isospora arrui Quesada et Cringoli 1990
Carpodacus erythrinus Fringillidae 81 |51 | Isospora sp. (new species 1)
Certhia familiaris Certhiidae 6 | 3 | Isospora certhiae Dolnik 1999
Chloris chloris Fringillidae 1 | 1 |Isospora chloridis Anwar 1966
Coccothraustes Fringillidae 7 | 5 |Isospora sp. (new species 2)
coccothraustes
Corvus monedula Corvidae 1 | 1 |Isospora monedulae Y akimoff et
Matschoulsky 1936
Delichon urbica Hirunididae 310 —
Emberiza schoeniclus Emberizidae 5 | 3 |Isospora sp. Matschoulsky 1941
(syn. Isospora sp. type 37 Svobodova 1994)
Erithacus rubecula Turdidae 96 |71 | Isospora erithaci Anwar 1972
(syn. Isospora sp. type 6 Svobodova 1994)
Fringilla coelebs Fringillidae 88 |75 | Isospora fringillae Y akimoff et Gousseff
1938 (syn. Isospora sp. type 32 Svobodova
1994)
Fringilla montifringilla Fringillidae 1 | 1 |Isospora sp. type 34 Svobodova 1994
Hippolais icterina Sylviidae 10 | 3 | Isospora sp. type 16 Svobodova 1994
Hirundo rustica Hirunididae 4 | 1 |Isospora hirundinis Schwalbach 1959
Locustella fluviatilis Sylviidae 110 —
Locustella luscinioides Sylviidae 110 —
Loxia curvirostra Fringillidae 110 —
Luscinia luscinia Turdidae 10 | 8 |Isospora sp. (new species 3)
Isospora sp. (new species 4)
Motacilla alba Motacillidae 20 | 19 | Isospora sp. type 2 Svobodova 1994,
Isospora sp. Misra 1947
Motacilla flava Motacillidae 2 | 1 |Isospora sp. type 2 Svobodova 1994,
Isospora sp. Misra 1947
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Table. Continued.

Host species Host family n + Parasite species
Muscicapa hypoleuca Muscicapidae 10 | 4 |Isospora ficedulae Schwalbach 1959,
Isospora sp. type 23 Svobodova 1994
Muscicapa parva Muscicapidae 210 —
Muscicapa striata Muscicapidae 610 —
Oriolus oriolus Oriolidae 1|0 —
Parus caeruleus Paridae 22 | 5 |Isospora pari Dolnik 1998
(syn. Isospora sp. type 26 Svobodova 1994)
Isospora caerulei Dolnik 1998
(syn. Isospora sp. type 25 Svobodova 1994)
Parus major Paridae 17 | 9 | Isospora pari Dolnik 1998
(syn. Isospora sp. type 26 Svobodova 1994)
Isospora caerulei Dolnik 1998
(syn. Isospora sp. type 25 Svobodova 1994)
Parus palustris Paridae 110 —
Passer domesticus Ploceidae 3 | 3 |Isospora sp. type 30 Svobodova 1994,
Isospora sp. type 31 Svobodova 1994
Phoenicurus ochruros Turdidae 1 | 1 |Isospora sp. type 8 Svobodova 1994
Phoenicurus phoenicurus | Turdidae 9 | 3 |Isospora sp (new species 5)
Phylloscopus collybitus Sylviidae 16 | 8 |Isospora sp. type 20 Svobodova 1994,
Isospora sp. type 21 Svobodova 1994
Phylloscopus sibilatrix Sylviidae 210 —
Phylloscopus trochiloides | Sylviidae 210 —
Phylloscopus trochilus Sylviidae 57 |38 | Isospora sp. type 21 Svobodova 1994,
Isospora sp. type 20 Svobodova 1994
Prunella modularis Prunellidae 10 | 9 | Isospora sp. type 4 Svobodova 1994
Pyrrhula pyrrhula Fringillidae 14 |10 | Isospora perroncitoi Carpano 1937
(syn. Isospora sp. type 35 Svobodova 1994)
Regulus regulus Regulidae 43 |24 | Isospora sp. (new species 6)
Remiz pendulinus Paridae 23 | 2 |Isospora sp. (new species 7)
Saxicola rubetra Turdidae 1|0 —
Sitta europaea Paridae 110 —
Spinus spinus Fringillidae 9 | 5 | Isospora sp. (new species 8)
Sturnus vulgaris Sturnidae 116 |70 | Isospora dilatata Schwalbach 1959
Sylvia atricapilla Sylviidae 60 |44 | Isospora. sylviae Schwalbach 1959
(syn. Isospora sp. type 18 Svobodova 1994)
Isospora sylvianthina Schwalbach 1959
(syn. Isospora sp. type 17 Svobodova 1994)
Sylvia borin Sylviidae 68 | 54 | Isospora sylvianthina Schwalbach 1959
(syn. Isospora sp. type 17 Svobodova 1994)
Isospora sylviae Schwalbach 1959
(syn. Isospora sp. type 18 Svobodova 1994)
Sylvia communis Sylviidae 38 |23 | Isospora wurmbachii Schwalbach 1959,
Isospora sylvianthina Schwalbach 1959
Sylvia curruca Sylviidae 30 | 19 | Isospora sylviae Schwalbach 1959
(syn. Isospora sp. type 18 Svobodova 1994)
Isospora sylvianthina Schwalbach 1959
(syn. Isospora sp. type 17 Svobodova 1994),
Isospora ampullacea(?) Schwalbach 1959
Troglodytes troglodytes Troglodytidae 8 | 5 | Isospora sp. (new species 9)
Turdus iliacus Turdidae 1|0 —
Turdus merula Turdidae 13 |11 | Isospora turdi Schwalbach 1959
(syn. Isospora sp. type 9 Svobodova 1994)
Turdus philomelos Turdidae 410 —
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Discussion

Despite many descriptions of new Isospora species from passerine birds, species
determination is still problematic. For example, for long time practically all findings of
Isospora species in over 100 passerine bird species were recorded as Isospora lacazei
Labbe 1893. Now, most of the authors agree that Isospora can be counted as genus-
specific parasite until otherwise demonstrated. Another problem one is faced with
identification of Isospora species in passerine birds is that the literature is full of
uncomplete and synonimical descriptions. Though good reviews are made in coccidia of
mammalians (e.g. Duszynski & Upton 2000, Duszynski et al. 1999) there is no such review
on bird coccidia since the book of Pellerdy appeared in 1974. As it was already mentioned
by Pellerdy (1974) in many species descriptions, especially in old ones, some precise
information on oocyst size in combination with some morphological characteristics is
lacking. As soon as no standardised method has been developed yet to preserve sporulated
oocysts long term (Duszynski & Gardner 1991), line drawings are required to such
descriptions, and they also lack in many works. Therefore, such descriptions are very
difficult to apply for determination of the oocysts. On the other hand, some authors
provided nearly all data that are necessary to determine the species (e.g. Svobodova 1994),
but did not give any name to the species (it is called "Isospora sp.") and gave no
comparative analysis of the species, nor did line drawing, therefore the species can not be
counted as a valid one. In our work we present these species under the name, for example,
"Isospora sp. type 34 Svobodova 1994". However, while this is not a valid taxonomic
species name, the complete descriptions of these species with photos and line drawings, as
well as descriptions of the new species we found in passerine birds on the Courish Spit are
prepared for publication (Dolnik, in prep.).

We did not find any Isospora in 17 bird species likely due to a low number of investigated
individuals, and in some of the species probably due to low intensity of infection. For some
of these species oocysts of Isospora are known, as, for example, Turdus philomelos and
Delichon urbica (Svobodova 1994). We believe that probably every bird species contains

at least one Isospora species.
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CHAPTER 4.3.

© Zoological Institute, St.Petersburg, 1999

Isospora schoenobaeni sp. n. (Protozoa: Eimeriidae)
from the Sedge Warbler (Acrocephalus schoenobaenus)

0.V. Dolnik

Dolnik, O.V. 1999. Isospora schoenobaeni sp. n. (Protozoa: Eimeriidae) from the Sedge
Warbler (Acrocephalus schoenobaenus). Zoosystematica Rossica, 8(1): 6.

Facces [rom Acrocephalus schoenobaenus caught on the Courish spit (Baltic Sea) were
examined for coccidia. 9 of 15 birds (60%) had undescribed isosporan oocysts in their
faeces. Sporulation took 72 hours at 20 °C. Sporulated oocysts of Isospora schoeno-
baeni sp. n. are spherical, 27.0 (24.3-29.0) pm, with oocyst wall ca. 1.5 pm thick; a po-
lar granule is present, but no oocyst residuum or micropile occured. Sporocysts are
ovoid, 20.7 (18.2-22.4) x 12.8 (12.0-13.8) um, with a nipple-like Stieda body and a me-
dium substieda body. A sporocyst residuum was present in the form of numerous min-
ute globules, and 4 sporozoites 6.7 x 4.6 pm in average were lying in the sporocysts.
This is the first description of Isospora from the genus Acrocephalus.

0. V. Dalnik, Zoological Institute Russian Academy of Sciences, Universitetskaya nab. 1,
St. Petershurg 199034, Russia.

In July and August 1997 15 Sedge Warblers (Acro-
cephalus schoenobaenus) were trapped by mistnets in
the time between 5 p.m. and 7 p.m. on the Courish
spit of the Baltic Sea. Faecal samples were collected
immediately, put in 2.5% K2Cr207 solution and left
at 20 + 2 °C for oocyst sporulation. Sporulation took
72 hours at 20 °C. Samples were examined by flota-
tion-using NaCl. Sporocysts were found in 9 (60%)
of 15 birds examined. The new species of Isospora re-
vealed is described below. In all measurements size
ranges in parentheses follow the means. Photographs
are kept in the Zoological Institute, St.Petersburg.

Isospora schoenobaeni sp. n.
(Figs 1-2)

Host type: Acrocephalus schoenobaenus (Passeri-
formes: Sylviidae).

Location in host: unknown; oocysts were found in
faeces. s

Type locality: Courish spit of the Baltic Sea, Russia.

Description. Sporulated oocysts spherical, 27.0
(24.3-29.0) pm. Oocyst wall ca. 1.5 pm thick, without
a micropile. One polar granula is present, but no co-
cyst residuum occurs. Sporocysts ovoid, 20.7 (18.2-

Fig. 1. [lsospora schoeno-
baeni sp. n. from Acroce-
phalus schoenobaenis. Mag-
nification 1000x.

22.4) = 12.8 (12.0-13.8) pm, with a nipple-like Stieda
body and a medium substieda body. Sporocyst resid-
uum present in the form of numerous minute globules;
4 sporozoites 6.7 x 4.6 pm in average are lying in the
sporocysts.

Discussion. No Isospora species have been de-
scribed previously from Acrocephalus. As all species
of Isospora are genus-specific parasites, it is obvious
that the species described above is new.
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Fig. 2. Line draw-
ing of sporulated
oocyst of Isospora
schoenobaeni sp. n.
Scale: 10 pm.
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CHAPTER 4.4.

Isospora certhiae sp. n. (Protozoa: Eimeriidae)
from the Tree Creeper (Certhia familiaris)

YAK 576.893.492.1 d «[lapauTonorus», sein. 2, 1999

ISOSPORA CERTHIAE SP. N. (PROTOZOA : EIMERIIDAE)
U3 OBBIKHOBEHHOM NMUIIYXH (CERTHIA FAMILIARIS)

© 0. B. JonsHHK

Briepebie ONKCAHb! OOUMCTEE W30CNOP U3 ofnikHoBenHok nuiyxu (Certhia familiaris). OouncTesl
Isospora certhiae sp. n. kpyrasie, 21.6—29.7 (8 cpensem 27) MkM B nuamerpe. O60104Ka OOLMCTHI
OIHOCNOHAasA, IBYXKOHTYPHas, HE HMEeT MHKpOMHIe. B 0OLHCTE OTCYTCTBYET OCTaTOYHOE TEJO, HO
MMeeTcs OfHA MOJIApHas IpaHyna TpeyroabHoi dopmel. Criopounctsl 12.2—14.9 x 14.9—17.6 MkM
(B cpentem 13.5 X 16.2 MKM), IUTHIOBCKOE TeJlblie HMeeT Kona4yox. CrnopouycTa CONepXKHT KOMIAK-
THOE OCTaTOYHOE TeNO H KJIHHOBHIHbIE CIIOPO30OHTH 8 MKM JUTHHBI H 3 MKM IIHPHHBEI B OCHOBaHHH.
Bun o6HapyXeH y MHLLyX, nofiMaHHbIX oceHblo 1996 r. Ha Kypuicko# xoce Bantuiickoro Mops (55°
12° N, 20° 46" E).

O6sikHoBeHHas nuiuyxa (Certhia familiaris) OTHOCHTCE K NTHLAM CEMEHCTBA MHILY-
xoBeix (Certhiidae) oTpsna BopoObHHBIX. ¥ npencTaBHTENIEH 3TONO CEMEHCTBAa K HAcTOA-
weMy BpemeHd kokuuauu ceM. Eimeriidae He onucansl. [laHad paboTa sBIA€TCS NEPBbIM
ONMHCAaHHEM KOKUHIMH pona /sospora U3 MHLLYXOBBIX.

MaTepuan u MertonHka. Pabora nposoannace B centabpe n oktabpe 1996 r. na
6ase Buonoruyeckoii cranuud 3oonoruyeckoro HHctHTyra PAH Ha Kypuckoit koce
Bantuiickoro Mopa (55° 12° N, 20° 46" E). OT/I0oB NTHU NMPOW3BOAHIH MayTHHHBIMH
cetaMu. Cpead nolmaHHbIX nTHU 6b110 6 OOBIKHOBEHHBIX NHLIYX. IIOHMaHHBIX NTHI
MOMELATH B MHAHBHAYAIbHbIE CAAKH, AHO KOTOpbIX ObLIO 3acTesieHO YHCTOH Oymaroii.
Cnycta 1 4 NTHUY BBIMYCKAa/IH, a cBEXY0 npoby noMera nomewany B 2 %-Hbli pacTBOp
Guxpomara KaliHs H BblaepXHBaulH 5—6 cyt npu 20 +2°. JIng KOHUEHTPALHH OOUMCT
npuMeHsny meton JlapnuHra, O1HaKO B KayecTse (IOTAlHOHHOIO PacTBOPA HCIOJb30BATH
HACBHILEHHBIH pacTBOp noBapeHHOH conH. IloacyeT OOUHCT MPOH3BOAMIH CTAHOAPTHBIM
metofioM. [Insg 3TOro nocie ueHTpHQyrHpoBaHHs C KaX10i npobsl OQHHAKOBOE KONHYECTBO
MOBEPXHOCTHOM IUIEHKH (5 meTenb 5 MM B AHaMeTpe) NepeHOCHIH Ha MPeAMeTHOe CTEKIIO
H NPOH3BOAMIIH NMOACYET OOLMCT, MPOCMATPHBAas BeCh NpENapar B CBETOBOM MHKPOCKOINE
(okynsap x 7, o6sextue X 10). Takum obpa3oM, ynaBasoch KOCBEHHO OLEHWTb HHTEHCHB-
HOCTh 3apaxeHHs NTHUb. Mopdonoruio oouucT u3ydanu, Hcrnoas3ys o6wekTHBE X 40
H X 90. M3MepeHHs OOUMCT NPOBOAHJIH C MOMOLIBI OKYNAP-MHKPOMETPA C LIEHOH JIENeHHs
2.7 MKM.

PesynbraTtel u ob6cyxnenue. ¥ Bcex oOcnefoBaHHBIX HaMH nuuyx Obuty
oOHapyXeHbl OOLHCTHI, OTHOCALUMECS K poay [sospora. Y ABYX MONOABIX MHILYX, NOHMaH-
HeIX 22 cenTabps B 18 u, 610 0OHapyxeno no 50 oouMcT B Kaxno# npobe momera. ¥
ABYX APYrMX MOMOOBIX NTHU, nmoiMaHHbix 16 okTabpsa B 10 4, 6bin0 o6HapyxeHo 2 u
5 oouuct B mpobe. ¥ Kaxnol M3 OBYX B3POC/BIX NTHU, MOHMaHHBIX 16 OKTA6psa B 14 M
15 4, 6bu10 06Hapyxeno no 500 oouuct B npobe nomera.

Bce ocuucThl MOpgoorHyeckH ObUTH CXOXH Mexay cofoil H OTNHYAIHCH TONBKO
AHAMETPOM, KOTOPBIH BapbHPOBaN B LUHPOKHX npenenax — ot 21.6 go 29.7 mkm. OnHako
GONBIIHHCTBO OOLKMCT HMeso auaMeTp 27 MxM. QOLHCTEI HE HMeNH MHKPONHIIe, H Kaxias
OOLMCTA COfiepXKana OXHY CBETONPEJOMISIOLLYIO TpaHyny TpeyronsHoi dopmer. OcraToy-
HOE TEJIO B OOLIHCTE OTCYTCTBOBAO. COPOLHCTH! Ha 320CTPEHHOM KOHLIE HMEJTH LUTHIOB-
CKoe Tenabue c KonnaykoM. Pasmepel cmopouuct konebanucs ot 12.2x14.9 no
14.9 x 17.6 MkMm, cocTtaenss B cpeaHeM 13.5 X 16.2 MkM. BHYTpH Kaxmoi CnopoOUMCTHI
HaXOAHJIHCh KOMIIAKTHOE OCTATOYHOE TeJO H KJIHHOBHAHBIE CTIOPO30HTHI, JUIHHA KOTOPbIX
cocTapisna 8, a LWUHPHHA B OCHOBAHHH — 3 MKM.

[peanonaraioT, 4To H3ocrnopsl 06nanaoT NOBONBHO Y3KOii BuaocneuupuynocTeo. K
HACTOAILLIEMY BDEMEHH HMEETCS OYEHb Mal0 ONLITOB MO MNEPEKPECTHOMY 3apaKEHHIO
M30CTIOpaMH pa3HbiX BHOOB xo3ses. Yepua (Cerna, 1973) onucan HeyaasluyioCs MOMBITKY
3apaxXeHHs H30CnmopaMu HOMOBOro BopoGes (Passer domesticus) ot kanapeiiku. B pabote
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Bokc (Box, 1980) 3T« nanHbie 6bU1H noaTBepXaeHsl. OTMETHM, YTO N1OMOBO# BOpOGEH H
KaHapeiika OTHOCATCS K pa3HBIM ceMeiicTBaM oTpsana BopoOsuHbIx (Ploceidae u Fringillidae
cooteeTcTBenHO). Bappe u Tponcu (Barre, Troncy, 1974), 3apaxaBiiuM KpPacHOKITIOBBIX
tkauukoB (Quelea quelea) u Gonslnx MackoBbix TKaueH (Ploceus cucullatus), otHOCS-
wuxcs K cemeiictBy Ploceidae, moncem. Ploceinae, u3ocnopamu I xerophila 8 Adpuke,
YHAanoch 3apa3sHTb 3THMH H30CTNOpaMM Takxe BHAbl Ploceus capuitalis, Euplectes oryx,
E. afra u Sporopipes frontalis (Bce u3 cem. Ploceidae, noncem. Ploceinae), Ho He Polios-
piza leucipygia (Fringillidae) u e Lonchura cucullatus (cem. Ploceidae, moacem. Estril-
dinae). JIupaiin (Levine, 1982) cunraeT, YTO NPEANONOXEHHE O TOM, YTO H30CMOPH MOTYT
3apaxaTh MpeNCTaBHTENeH JI060ro pola BHYTPH ONHOrO CeMeHCTBa X03seB, 6e30cHOBa-
TENBHO.

Hckniouenue cocrasnser BHA [sospora lacazei Labbe, 1893, onucannbiii pa3HBIMH
aBTOpaMM y TpEICTABHTENeHl DA3MYHBIX PONOB M [aXe DAITHYHBIX CEMENCTB OTPANa
Bopob6bHHBIX. OnHcaHus 0OUHCT [sospora lacazei u3 pa3sHsIX BHIOB X035€B, NPHBOAHMBIE
pa3HbIMH aBTOPaMH, 4acTO HEeMojHbIe H CHJILHO OT/IHYaloTCA ApYr oT aApyra. Tak, cornacHo
ennepau (Pellerdy, 1974), JIa66e onuican y 3TOro Buaa 0OOUKCTbI 23—25 MKM B AHaMeTpe,
BoyToHn OTHOCHJ K TOMY Xe BHAY OOLHCT 21 MKM B auameTpe, ['eHpH yKaspiBal qHaMeTp
22—32 X 16—26 MKM, a HEKOTOpble OpYrHe aBTOpbl OMHCHIBATH OOUMCTHI /. lacazei
auametpoM 17—29 MKM. BONBIIHHCTBO aBTOPOB HE HAabNI0faTH MHKDONHKIIE, OAHAKO, KaK
coobwaer IMemnepau (Pellerdy, 1974), Yakpasaptu u Kapp, a Takxe I'enpH, yreepxnaior,
4YTO HHOTOA OHO HMEETCH.

HUcxons M3 pa3nuyuil B OMMCAHHH OZHOIO H TOIO X€ BHA Pa3HBIMH aBTOPaMH, MHOTHE
B HacTOflllee BpeMs MoJsaraioT, Yto Isospora lacazei senserca cOopHoi rpynnoii. Heko-
TOpbIE ABTODBI CKJIOHHbI pa3bMBaTh 3TOT BHI HA HECKOJIBKO CaMOCTOATENBHBIX BHIOB
(Grulet e.a., 1986; Levine, 1982).

Hrak, ecnu ucknwuuts cOopuelit (?) Bun Isospora lacazei, B HacTOsLLEE BPEMS HET
HaHHBIX O BO3MOXHOCTH 3apaxXeHHs NpefcTaBHTeNeil palTHYHBIX CEMEHCTB BOPOOBHHBIX
NTHL OAHHM H TE€M Xe BHOOM H30CIOp.

Hcxons u3 Toro, yto y npepcrasutened cem. Certhiidae xkokuuauu pona Isospora, Kax
u npyrue xokuuauu ceM. Eimeriidae, panee obHapyxeHsl He ObUTH, HaM NMPEACTABILETCH
BO3MOXHBIM MMPH3HATh BCTPEYEHHbIE HAMH OOLMCTHI CaMOCTOATENbHBIM BHAOM. [l Haii-
' mEHHOro HaMH BHIA Mbl MpejuiaraeM HassaHue Isospora certhiae sp.n.

R

Isospora certhiae Dolnik sp.n (pucyHOK).

X o3aun: Certhia familiaris (06bIKHOBEHHas MHILYXa).

PacnpocTpaHneHnue: Bua obHapyxen B Kanuuuurpanckoit obn. (55° 12° N, 20°
46" E).

Marepuan: ramaitoTHm, mpemapaT Ne 3, XpaHHTCS B KOJUIEKLUHH Jj1abOpaTOpHH
npoTo3oosoruu 3oonornyeckoro Hucrutyra PAH, Cauxr-IletepGypr.

Ouaruo3. Kpymsie oouuctsr 21.6—29.7 MkM B muametpe (B cpeneM 27 MKM).
O6onouyKa OOLMCTH ONHOCHONHAs, OBYXKOHTYpHad, He HMeeT MHKponuiae. B oouucre
OTCYTCTBYET OCTATOYHOE TeJIO, HO HMEeTCs OflHA MOJNSAPHas rpaHysia TPeyrojabHOH (OPMBI.
Crnopouuctsl 12.2—14.9 X 14.9—17.6 MkM, B cpeaHeM 13.5 Ha 16.2 MKM, LUTHOOBCKOE
Tenblie UMeeT Koinayok. CopoLHCTa CONEPXHT KOMINAKTHOE OCTATOYHOE TeJIO M KIIMHO-
BHIHBIE CIIOPO30HTHEL 8 MKM WTHHBI H 3 MKM LUHPHHBI B OCHOBaHHH.

IuddepernunanbHb i nuario3. OnucaHHAs H30CNOp y TNpeACTaBHTENEH
ceM. Certhiidae B nuTepaType K HacTOALEMY BpeMEHH OTCYTCTBYIOT. CpaBHEHHE HaHOeH-
HOro HaMH BHaa ¢ Isospora lacazei CUNBHO 3aTPYAHEHO H3-32 OTCYTCTBHS YETKOIO AHArHO3a
atoro Buga. ONHAKO OTMETHM, 4TO OOHAapyXeHHble HaMH OOLHCTHI comepxar Gonee
KpyNHble CIIOPOLMCTB H CMIOPO30OHThbI, YeM Isospora lacazei B OMHCAaHHH, NPHBOIHMOM
IMesmepnu (Pellerdy, 1974). 3

Bauxaitunm x Certhiidae cemeidcTBOM BOPOOBHHBIX MTHI, Y KOTOPOTO ONHKCAHBI
M30cnops!, ABmeTcA ceM. Paridae. Y npeacrasuTeneit 3Toro ceMenCTBa H3BECTHO 1Ba BHAA



Chapter 4: Species and specificity

43

Isospora certhiae sp. n. H3 OOLIKHOBEHHOH MHILY-
XH.

Isospora certhiae sp. n. from the Tree creper.

usocnop. Ot I parusae obGHapyxeHHBbIH Ha-
MH BHA OT/IMYAETCA OTCYTCTBHEM MHKpO-
TMHJIE H 3HAYUTENbHO 6oslee KPYNHBIMH CNOPO-
uuctamu. Ot [, sylvianthina OOUHCTBI H30CITOP
MUILYXH OTJHYAIOTCA  HATHYHEM TOJbKO
ONHOH MOMAPHOH TpaHynbl, OKpYToii dop-
MOH CMOpOUHCT H 6osiee MENKHMH CIOPO30-.
HTaMH.

Cratesa BoinonHeHa B paMkax FHTII «Buo-

JIOTHYECKOE paauooﬁpaaue». *
10 mrm
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ISOSPORA CERTHIAE SP. N. (PROTOZOA: EIMERIIDAE) FROM THE TREE
CREEPER (CERTHIA FAMILIARIS)

0. V. Dolnik

Key words: Isospora certhiae sp.n., Isospora, fauna.

SUMMARY

The first description of Isospora oocysts from Certhia familiaris. Isospora certhiae sp.n. has
round oocysts 21.6—29.7 pm in diameter (27.7 pm in average). The cyst wall lacks a micropile. A
triangular polar granule appears, but no oocyst residium. The sporocysts 12.2—14.9 x 14.9—
17.6 um size (average 13.5x 16.2 um), bear a knob-like Stieda body and contain pyramid-like
sporozoites 8 um- length and 3 pm width. The species was found in Tree creepers on the Courish
spit of the Baltic sea (55° 12’ N, 20° 46’ E) during the autumn 1996.
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CHAPTER 4.4. (Translation)
Isospora certhiae sp. n. (Protozoa, Eimeriidae)
from the Tree Creeper (Certhia familiaris)
Parasitologiyva 1999 (2): 149-151 (in Russian, English summary).

The first description of Isospora oocysts from Certhia familiaris. Isospora certhiae sp. n. has round
oocysts 21.6-29.7 pm in diameter (27.7 pm in average ). The cyst wall lacks a micropyle. A triangular
polar granule appears, but no oocyst residuum. The sporocysts 12.2-14.9 x 14.9-17.6 um size (average
13.5 x 16.2 pm), bear a knob-like Stieda body and contain pyramid-like sporozoites 8 um length and 3 pum
width. The species was found in Tree creepers on the Courish spit of the Baltic sea (55° 12" N, 20° 46’ E)
during the autumn 1996.

Tree Creeper (Certhia familiaris) belongs to fam. Certhiidae of passerine birds. Up to now
there is no description of Eimeriidae coccidia from this family. Therefore, our study is the

first description of Isospora species from Certhiidae birds.

Material and methods

The samples were collected in September-October 1996 at Biological station of the
Zoological Institute RAS on the Courish Spit, Baltic sea (55°12'N, 20°46'E). The birds
were trapped by mistnets and ringed. Among the trapped birds there were 6 Tree Creepers.
These birds were kept for several minutes to one hour in small individual cages with fresh
ground paper. As soon as a fresh dropping appeared, the bird was released and the fresh
fecal sample was kept in 2% aqueous solution of K,Cr,O7 at 20+£2 °C for 5-6 days. For
oocysts concentration flotation centrifuging in saturated NaCl solution was used. The same
amount of surface layer (5 loops of 5 mm diameter) was placed on slides and immediately
examined. The whole slide was examined under 100x magnification to determine the
presence and the number of oocysts. For the species determination 400% and 1000x

magnification with immersion oil was used.

Results and discussion
In the investigated birds we found oocysts that belong to Isospora genus. In two juvenile

birds caught at 22 September at 6 p.m. we found 50 oocysts in each. In two other juvenile
birds caught in October at 10 a.m. were 4 and 5 oocysts, and in adult birds caught in

October at 2 p.m. and 3 p.m. there were 500 oocysts in each sample.

All the oocysts were morphologically similar and differed only in diameter that showed
great variety from 21.6 um to 29.7 um, 27.0 um in average. Micropyle and oocyst

residuum were absent but there was a triangular polar granule. Sporocysts had a Stieda
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body with a cap. The size of sporocysts varied from 12.2 x 14.9 um to 14.9 x 17.6 pm, in
average 13.5 x 16.2 um. In every sporocyst there was a compact sporocyst residuum and

wedge-shaped sporozoits 8 x 3 um.

It is supposed that Isospora spp. are narrow host specific. Up to now there are very few
experiments of cross-transmission of Isospora infection between different host species.
Cerna (1973) failed to infect a House Sparrow with Isospora sp. from the Canary, and
experiments of Box (1980) proved this data. We should note that the House Sparrow and
Canary belong to different families of Passerine birds (Ploceidae and Fringillidae,
respectively). Barré and Troncy (1974) infected Quela quela and Ploceus cucullatus (fam.
Ploceidae, subfam. Ploceinae) with Isospora xerophila as well as Ploceus capuitalis,
Euplectes oryx, E. afra and Sporopipes frontalis (all Ploceidae: Ploceinae) but not
Poliospiza leucipiga (Fringillidae) and Lonchura cucullatus (Ploceidae: Estrildinae).
Levine (1982) supposed that there is no ground to believe that Isospora spp. may infect all

the genera within one host family.

The only exception is the species Isospora lacazei Labbe 1893 that was described by many
authors from different genera and even families of Passeriformes. The descriptions of
Isospora lacazei from different host species that are shown by different authors are often
uncomplete and differ from each other. So, according to Pellerdy (1974), Labbe described
the oocysts 22-25 um in diameter, Boughton mentioned diameter of 21 um, Henry wrote
that diameter is 22-32 x 16-26 um, and some other authors mentioned 17-29 um. Most of
the authors observed no micropyle, but, according to Pellerdy (1974), Chakravarty and Kar

as well as Henry note, that sometimes it occurs.

Because of such great variation in descriptions of the same species by different authors,
it is suggested now that a group of species was understood under the name of Isospora
lacazei. Some authors offer to split the species to several ones (Grulet et al., 1986,

Levine 1982).

Therefore, if to exclude the combined (?) species Isospora lacazei, there is no data that
host species from different taxonomic families can be infected by the same Isospora

species.

We suggest that the species of Isospora we found in Tree Creeper is a new species,
because no Eimeriidae coccidia were described from birds of Certiidae family up to now.

For the new species we suggest a name Isospora certhiae.

Isospora certhiae Dolnik sp. n. (Fig.)
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Type host: Certhia familiaris (Tree Creeper)
Type locality: Russia, Kaliningrad reg. (55°12'N, 20°46'E).

Material deposited: Preparate No 3 in collection of Lab. Protozoology, Zoological Institute

St.Petersburg, Russia.

Diagnosis: Round oocysts 21.6-29.7 pm in diameter (27 pum in average). Oocyst wall
single layer, two-contour, lacks a micropyle. There is no oocyst residuum, but a triangular
polar granule presents. Sporocysts 12.2-14.9 x 14.9-17.6 um, in average 13.5 x 16.2 um,
Stieda body bears a cap. Sporocyst contains a compact residuum and wedge-shaped

sporozoits 3 x § pm.

Differential diagnosis: Up to now there is no description of Isospora species from birds of
Eimeriidae family. Comparison with Isospora lacazei is difficult because there is no
concrete diagnosis of this species. We can only note that Isospora from Tree Creeper has
larger sporocysts and sporozoits than Isospora lacazei in original description reproduced

by Pellerdy (1974).

Among the passerine bird families from which Isospora oocysts were described, the
closest family to Certhiidae is Paridae. There are two Isospora species known for Paridae
birds: Isospora parusae and Isospora sylvianthina. The species from Tree Creeper differs
from I parusae by larger sporocysts and absence of micropyle. From I. sylvianthina it
differs by the round form of oocysts, the smaller sporozoits and the presence of only one

polar granule.

This article was supported by GNTP “Biological variety”.
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Isospora (Protozoa, Sporozoa) infection
in passerine birds of various feeding styles

Introduction

Coccidia of Isospora genus are intracellular parasites of intestines that are very common
for wild passerine birds (Pellerdy 1974). They are monoxenous parasites that require no
intermediate transmitter for the spread of infection (Long 1982). With a few exceptions
(Barré¢ & Troncy 1974, Doran 1978) bird intestinal coccidia are thought to be genera-
specific (Box 1977, Levine 1982).

After ingestion of sporulated oocysts sporozoits emerge from them and enter the wall of
the intestine (Long 1982), where several merogonies, gametogony and fertilisation take
place (Long 1982, Grulet ef al. 1985). This increases the amount of parasites within the
host. Unsporulated oocysts are released from the bird together with faeces. Sporulation
takes several days and only sporulated oocysts are able to infect a new host. Infection

occurs if the oocysts are swallowed by appropriate host with food or water.

From the life cycle of Isospora spp. we can suppose that the feeding style of bird
influences its probability to become infected by these parasites. To check if there are
differences in infection rate between birds with different feeding style we screened
different species of passerine birds in the wild and compared the prevalence and intensity

of infection in species of birds with different feeding style.

Materials and methods

Studies were carried out in late summer and autumn at Biological Station Rybachy on the
Baltic Sea coast (Curonian spit) and on the island of Helgoland (North Sea). Birds were
trapped by mistnets in Rybachy and by funnel traps on Helgoland. On both sites birds were
ringed and processed following the guidelines of the ESF-programme (Bairlein 1995).

Recorded data include date and time of capture, species, and age of the bird.

To avoid possible influence of birds’ age (Chapter 6) only juvenile birds were considered
in the analysis. Moreover, because of a diurnal pattern in Isospora oocysts output (Dolnik
1999b, Chapter 3), only birds caught between 4 p.m. and 6 p.m. were sampled. In total

1226 juvenile birds of 38 passerine species were sampled.

At both sites the same protocol of sampling was used. After ringing, the birds were kept for

5-15 minutes in small individual cages with clean ground paper. One fresh dropping of
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each individual bird was put into an individually labelled tube with 5 ml 2 % K,Cr,0;
aqueous solution.

In the lab the samples were kept opened for a week at room temperature to allow the
oocysts to sporulate. The intensity of Isospora infection can be estimated by using the
standardised method of counting oocysts in faecal samples (Chapter 2). For concentrating
the oocyst, flotation in saturated NaCl solution was used. Each sample was shaken well
and put into 10 ml centrifuge-tube. Tap water was added up to 10 ml volume. The sample
was centrifuged for 5 minutes at 1500 R.P.M., and the upper layer was removed, so that 2
ml of the lower layer were left. 8 ml saturated NaCl solution were added and centrifuged
again for 5 minutes at 1500 R.P.M. A standard quantity of the surface layer (5 loops of 5

mm diameter) was placed on slides and immediately examined at 100x magnification to

determine the occurrence and
intensity of infection. The
whole slide was checked to
avoid errors owing to oocyst
clustering. As intensity of
infection the number of
oocysts on the slide was
used. Parasites

identified

were
under high
magnification (1000x). For
analysing the results the
birds species were arranged
into 4 groups according to
their feeding style (Glutz
von Blotzheim & Bauer
1985-97). The first group are
birds species that catch
insects in the air. Birds that
collect insects from leaves
and twigs are in the second
group. The third group are
species with vegetarian diet

and species who include

Table. Examined bird species.

Aerial feeders

Delichon urbica
Hirundo rustica
Muscicapa hypoleuca
Muscicapa parva
Muscicapa striata
x=72

Foliage gleaners

Acrocephalus palustris
Acrocephalus schoenobaenus
Acrocephalus scirpaceus
Aegithalos caudatus
Certhia familiaris
Emberiza schoeniclus
Hippolais icterina

Parus caeruleus

Parus major
Phoenicurus phoenicurus
Phylloscopus collibitus
Phylloscopus trochilus
Prunella modularis
Regulus regulus

Remiz pendulinus

Spinus spinus

Sylvia communis

Sylvia curruca

T =442

Foliage gleaners that include
fruits into diet
Carpodacus erythrinus
Coccothraustes coccothraustes
Pyrrula pyrrula
Sylvia atricapilla
Sylvia borin
Turdus philomelos

X =395

Ground feeders

Erithacus rubecula
Fringilla coelebs
Luscinia luscinia
Motacilla alba
Oenanthe oenanthe
Passer domesticus
Sturnus vulgaris
Troglodytes troglodytes
Turdus merula

=317

TOTAL: 1226 birds
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berries into their autumn diet. The fourth group are ground feeding birds (Table).

The data were statistically analysed using SPSS 8.0 programme (SPSS Base System und

Professional Statistics). Data are presented as means =+ standard error (s.e.).

Results

Prevalence as well as intensity of
infection were the lowest in aerial
feeders, the highest in ground-
feeding species, and intermediate in
the two other groups (Fig. 1). The
differences in prevalence of infection
between the groups of aerial feeders,
foliage gleaners, and foliage gleaners
into diet are

the

that include fruits

significant.  Differences in
intensity of the infection between
aerial feeders and the three other
groups, as well as between foliage
gleaners and ground feeders are
significant.

There is a positive correlation (r=0.6,
P<0.01) between prevalence and
average intensity of infection: bird
species with lower prevalence of
have lower

infection average

intensity of infection (Fig. 2).

Discussion
Immunity that develops as a result
of Isospora spp. infection does not
suffice to prevent re-infection (Long
1982, Chapter 6).

prevalence of infection reflects the

Therefore
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Fig. 1. Prevalence (a) and intensity (b) of Isospora
spp. infection in aerial feeders (1), foliage gleaners
(2), foliage gleaners that include fruits into diet (3)
and in ground feeding birds (4).
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Fig. 2. Correlation between prevalence and
average intensity of infection in bird species of
different feeding style (see text), trapped at
Rybachy and Helgoland.

probability for the bird to become infected with Isospora spp., in other words, it shows the

percent of the individuals that swallowed sporulated oocysts. For birds that catch insects in
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the air this probability is low, that is reflected in lower prevalence of infection in these
species. Collecting insects from leaves and twigs increases the probability to become
infected and therefore prevalence of infection in these species is higher. Feeding on seeds
and berries as well as collecting food from the ground is connected with the highest risk to
swallow sporulated oocysts. The amount of trees and shrubs with ripe seeds and berries is
in most cases limited and they attract many birds, whose droppings may cover the fruits.
Isospora spp. oocysts from birds die quickly if they become dry or if exposed to direct
sunlight. Therefore humid ground is the best place for accumulation and preservation of
infectious oocysts. Those bird species that collect food on humid ground have the highest
probability to swallow Isospora spp. oocysts, because the bird’s droppings accumulate
there. We suggest that feeding in flocks, as, for example, young Starlings in late summer

do, also increases the risk to become infected by Isospora species.

Prevalence of infection

Scholtyseck (1956) arranged passerine bird species into three groups according not to their
feeding style but to their diet. His results suggested that in passerine birds prevalence of
Isospora spp. infection in insectivores birds is lower than in omnivores. Differences
between omnivores and granivores were not significant. However, while collecting the
material the author did not take into account diurnal rhythms of oocysts output that could
influence the results of the investigation. Arranging bird species into groups according
their feeding style and not the diet seems to us more logical. For example, in our
investigations Wagtails were among the most infected birds, but on contrary, other
insectivores as Flycatchers had the lowest prevalence of infection. We suggest the
differences between these two strictly insectivores species are due to the way they collect
their food, on the ground and in the air respectively. Therefore we suppose that the feeding
style of the host species and not the diet determines the prevalence of infection with

Isospora spp.

Intensity of infection

On contrary to prevalence, intensity of infection by parasites with endogenous
multiplication can be regulated by the host and depends on the physiological state of the
host, its immune system and how it can cope with the parasite. Thus, for Isospora spp., we
state that intensity of infection gives us more information about the host's condition than
prevalence of infection. We suggest that at least three factors may have influence on

intensity of infection.
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One of the possible explanations of higher infection intensity in ground feeders is that
these birds may become more often re-infected, including self re-infection. Re-infection of
a chronically infected individual causes an increase in oocyst output that can remain for

some time (Chapter 6).

Infection by different species may increase the severity of infection (Long 1982) and lead
to higher infection intensity. Another reason for higher intensity of infection in ground

feeding species compared to those feeding in the air, are exposed to more endoparasites.

The nutritional status of the host is known both to increase and decrease the severity of
coccidiosis. It has been shown that chicks infected with Eimeria tenella and fed 24% crude
protein had a higher mortality rate than those fed 16 or 20% crude protein (Scharma et al.
1973). However, in E. acervulina infections, the higher crude protein diet was protective
against weight loss. Britton et al. (1964) also found that birds on a high protein diet were

more susceptible to infection.

In our case differences in intensity of infection between aerial feeders and foliage gleaners
and non-significant difference between foliage gleaners and foliage gleaners that include
fruits into diet as well as between the latter group and ground feeders suggest that average
intensity of Isospora spp. infection in different bird species does not depend much on the diet
of the host species. However, our investigation is made on different host species that are
infected with different parasite species. In this case we can not separate the influence of the
diet itself from the taxonomic factor. All the investigated birds species with different diet
belong to various taxonomic groups. Moreover, they are infected by different species of
Isospora that may have different pathogenisity. In general we do not exclude the possibility
that diet may play some role in the severity of Isospora infection, but this has to be proved

under experimental condition on one bird species infected with a single Isospora species.

The positive correlation between prevalence and average intensity of infection in bird
species is a very interesting fact. This means that in those passerine bird species for which
Isospora spp. is a common parasite the intensity of infection is higher. However, in this
case it is difficult to distinguish a reason from the consequence and to decide if these
species are stronger infected because of often re-infection due to the high prevalence of
infected birds in the population is high, or vice versa. It is also interesting, how the parasite
species from aerial feeders succeed to infect a new host of the same bird species. These
parasites are very rare, the amount of oocysts produced and appearing in faeces of infected

birds is very small, and the probability that an aerial feeder swallows sporulated oocysts is
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also low. The probability of coinciding of these factors is extremely low, one would rather
expect that parasites of aerial feeders should produce many oocysts and have high infection
intensity. Probably there are some additional mechanisms we do not know that help to
transfer the infection between the individuals, such as probable transmission from parents

to nestlings (Svobodova & Cibulkova 1995), for example.

We can conclude that the feeding style of passerine species influences both the intensity
and prevalence of Isospora spp. infection. Probable influence of the diet on intensity of

Isospora infection, nevertheless, has to be studied.
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Effects of age on the infection
of wild and captive birds with Isospora (Protozoa: Eimeriidae) parasites

Introduction
More than 90% of the Coccidia species that infect passerine birds in the wild belong to
Isospora (Pellerdy 1974). However, prevalence and intensity of Isospora infection in wild

bird populations and their consequences had rarely been studied.

The relationship between the age of wild passerine birds and prevalence and intensity of
coccidia infection deserves more attention. Younger animals are generally assumed to be
more susceptible to coccidial disease than their older counterparts (Long 1982, Gylstorff &
Grimm 1998). However, it has also been shown, both in chicken and mammals, that older
animals raised coccidia-free are as susceptible or even more susceptible than very young
ones to similar doses of oocysts (see Long 1973, for review). Thus, not only the age of the
host but also the immunity that develops as a result of coccidia infection is responsible for
susceptibility of the host to coccidia. This immunity, nevertheless, may not be strong

enough to prevent re-infection (Long 1982).

Most of the studies on the relationship between the age of birds and Isospora infection
concern prevalence of infection in nestlings, and comparisons between nestlings and their
parents. Because of the monoxenous oral-faecal life cycle of Isospora species, the nestlings
are confronted to infections already in the nests if the feeding parents are infected with
these parasites (Svobodovad & Cibulkova 1995) . The risk of infection increases with
increasing age of the nestlings due to higher feeding frequencies by the parents.
Scholtyseck & Przygodda (1959) found that the prevalence of infection with Isospora spp.
was higher in older nestlings of passerine birds. Svobodova & Cibulkova (1995) showed
that 10-12 day old nestlings of Icterine Warblers (Hippolais icterina) were more frequently
infected than 7-9 days old birds, and adult birds more frequently than nestlings. After the
birds fledge and start feeding by their own, they are equally exposed to coccidia infection.
Field data (Dolnik 1999) showed that in young Starlings prevalence of Isospora infection
remained unchanged after fledging during summer, while the intensity of infection
increased significantly with age during the first two months. In autumn, both, the
prevalence and the intensity of infection in migrating passerine birds were high (Dolnik

1998), which may be due to the high proportion of young birds in autumn.
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The aims of the present study were (1) to study intensity and prevalence of Isospora spp.
infection in wild passerine birds of different age, and (2) to study the effects of age in

captive birds held under controlled conditions.

Different intensities of infection in juvenile and adult birds could be due to the fact that
young, highly infected birds may not survive the post-fledging period. Moreover, young
birds may develop some kind of immunity against coccidiosis during early infection so that
older birds show less severe chronic infections. In order to explore this, we kept infected
birds under controlled conditions and screened their intensity of infection every three
months during the first year of life. Different levels of intensity of infection in adult and
young birds in the wild could also be due to different responses to re-infections. Re-
infection of chronically infected birds happens very often in the wild. The immune system
cannot prevent it but it could develop some reactions to avoid severe infections which may
be dose-related. In this case, the response of young and adult birds to re-infections should
be different. Therefore, we infected birds of different age artificially and recorded their

responses.

As coccidia infection leads to disturbances of absorption and permeability in the intestine,
and thus results in reduced food and water consumption (Yvoré & Mainguy 1972), we also

monitored the birds’ food intake and body mass following oocyst inoculations.

Material and methods

1. Field study
Birds were sampled in late summer and autumn at Biological Station Rybachy on the

Courish Spit, SE Baltic coast (55°12'N, 20°46'E).

Birds were trapped by mistnets, ringed and processed following the guidelines of the ESF-
programme (Bairlein 1995). Recorded data include, among the others, date and time of
capture, species, age, and body mass of the bird. Because of the diurnal pattern in Isospora
oocysts output (Dolnik 1998), only birds caught between 4 p.m. and 7 p.m. were

investigated.

In total, 315 birds of 5 passerine species were sampled. These were 73 Scarlet Grosbeaks
Carpodacus erythrinus, 88 Chaffinches Fringilla coelebs, 54 Blackcaps Sylvia atricapilla,
63 Garden Warblers Sy/via borin and 37 Lesser Whitethroat Sylvia curruca.
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Fresh faeces of each bird were examined for coccidia oocysts. The number of oocysts in

the sample was counted after flotation centrifugation by standard method (see below).

2. Laboratory trials

A group of 58 Blackcaps was trapped as juveniles from a natural population and kept at the
Institute of Avian Research in Wilhelmshaven (Germany). Birds were maintained
individually under controlled laboratory conditions (LD 14:10, 20+1 °C, 50-60% R.H.). All
birds were fed ad libitum a standard diet prepared from dried insects, casein, saccharose,
vegetable oil, minerals and cellulose, containing 15% crude protein, 10% crude fat and 5%
digestible carbohydrates (Bairlein 1986). Water was also available ad libitum. Body mass of
the birds was recorded daily in the morning at the onset of light. For recording daily food
intake, food for each bird was weighed in the morning, and remaining food was re-weighed
24 hours later. Loss of food mass due to evaporation was considered, and food intake for

each individual bird was calculated as dry mass per day (Bairlein 1985).

Sampling and counting of oocysts

The fresh faecal samples were collected every day at the same time (3 hours before the
light was set off). For sampling, fresh ground paper in the cage was used, and after about
10 minutes, a fresh dropping from the paper from each bird was collected into an

individually labelled vial with 2% water solution of potassium dichromate (K,Cr,07).

In the lab, the samples were kept open for a week at room temperature to allow the oocysts
to sporulate. Then the samples were checked using a standardised method. For
concentrating the oocyst, flotation in saturated NaCl solution was used. Each sample was
shacked well and put into a 10 ml centrifuge-tube. Tap water was added up to 10 ml
volume. The sample was centrifuged for 5 minutes at 1500 R.P.M., and the upper layer
was removed, so that 2 ml of the lower layer were left. 8 ml saturated NaCl solution were
added and centrifuged again for 5 minutes, at 1500 R.P.M. A standard quantity of the
surface layer (5 loops of 5 mm diameter) was placed on slides and immediately examined
at 100x magnification to determine the presence and the number of parasites. The whole
slide was checked to avoid errors owing to oocyst clustering. For species determination a

1000x magnification with immersion oil was used.

Screening of chronic infection
To screen the chronic intensity of infection, each caged bird was sampled repeatedly

during the first year of life at the age of 1, 4, 7, 10, and 13 months.
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Infection experiments

During 20 days prior to the infection experiments, we recorded daily body mass and oocyst
release of each bird. For the experiments, we chose only birds that did not show changes in
body mass during the last 20 days, and that were infected only by one coccidia species
Isospora sylvianthina Schwalbach 1959, at low levels, on average below 200 oocysts per
sample. These birds were arranged into groups of seven birds each: (group 1) 2 months
old; (2 and 3) 7 months old; and (4 and 5) 20 months old. Group 2 was also used at an age
of 8 month, group 3 at 14 months, and group 4 was used again at an age of 26 months,

respectively.

To prepare oocysts for artificial infection we used one highly infected bird that was infected
with only Isospora sylvianthina. Fresh faeces from this donor bird were collected over
several consecutive days, and kept open in potassium dichromate to allow sporulation.
Sporulated oocysts were concentrated in saturated NaCl solution, thereafter washed and the
concentrated oocysts were kept in 2% water solution of potassium dichromate in darkness.
Half an hour before infection, the oocysts were washed off potassium dichromate with tap
water by repeated centrifugation. The final supernatant contained the oocysts in tap water
and looked like a white suspension. The amount of oocysts was counted in 2 ul of
suspension. By repeated washing and concentrating a final concentration of 1 x 10* oocysts
in 50 pl of suspension was achieved. This was used as standard dose. In the morning of an
experimental day, immediately after onset of light, the birds were orally infected with 1 X

10* oocysts. In one experiment, a dose of ca 1 x 10°00cysts per 50 pl was used.

Oocyst output, body mass and food intake of each experimental bird were recorded daily

for at least four days prior and at least 18 days after experimental infection.

Three different experiments were conducted. (1) In order to explore the effect of age, birds
were infected with the same dose of oocysts at ages of 2, 14, and 26 months. (2) As recent
infection can weaken the bird, or, in contrary, refresh the immune system, we infected one
experimental group twice with the same dose of oocysts at an age of seven months and 37
days later. (3) As the dosage of infection may also influence the bird’s response (Long
1982), one group of 20 months old birds was infected with standard dose, while another

group of the same age was infected with the 10 times higher dose.

The data were analysed using SPSS 8.0 programme (SPSS Base System und Professional
Statistics).
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In some cases there were big differences in individual reaction on infection, so that the
individuals showed clear but opposite reaction to the infection. Therefore, for better
illustration of this variety in the graphs we split the birds into two groups, "fit" and "weak",
according to their reaction on the infection. "Fit" group are birds that managed to cope with
the infection by their own. "Weak" are the birds who either died, or had to be medicated
after the experiment because of tremendous body mass loss. "Fit" and "weak" birds did not
differ by body mass before the experiments, so it was impossible to predict the individual

bird response.

Results
1. Field data
In the five investigated bird 3

species  the  prevalence of 100
infection did not differ
significantly between young and
adult birds (Fig. 1a). The intensity
of infection, however, was
consistently higher in young birds

than in adult birds (Fig. 1b), 10|

0+
Carpodacus  Fringilla Sylvia Sylvia Sylvia Total

Scarlet Grosbeaks (P:0.047), erythrinus ~ coelebs  atricapilla borin curruca

Chaffinches (P=0.019) and
Blackcaps (P=0.024) and in the
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though significantly only in

' 10000
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Intensity of Isospora infection in 1000
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oocysts/sample

10
Fig. 1. Prevalence (a) and intensity

+SE (b) of Isospora spp. infection in

young (white bars) and adult (black Carpodacus  Fringilla ~ Sylvia  Syvia Sylvia Total
bars) birds in the wild erythrinus ~ coelebs atricapilla borin curruca



Chapter 6: Effects of age on the infection of wild and captive birds 60

2. Experimental data
The intensity of chronic infection in captive Blackcaps was continuously decreasing during

the first year of life (Fig. 2).

1000

*%
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1 4 7 10 13

age of birds (months)

Fig. 2. Average intensity (£S.D.) of chronic Isospora infection in captive Blackcaps of different

age during the first year of life.

Infection experiments

Experiment 1 (Fig. 3)

After infection, the oocyst releases decreased for 2 days and increased on the third day.
Then it decreased in all birds except 2 months old ones (Fig. 3a). The group of 2 months
old birds splitted into two subgroups. Two of the seven birds decreased oocyst output after
the fourth postinfection day similarly to the older birds. In five other ("weak") 2 months
old birds, however, the number of oocysts increased up to 100 times above pre-injection
level during the first two weeks. On the 13" postinfection day the oocyst output of these 5
birds was still much higher, than in the other birds (Mann-Whitney U-test, P=0.01).
Thereafter, the oocyst output in the five birds decreased but remained higher than the pre-

infection level.

In all the groups during the first two weeks body mass did not decrease, rather showed a non-

significant tendency to increase to the end of the second week (Fig. 3b). In the third post-
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infection week the two months old birds showed some drop of body mass, though not

significant because of one bird that increased body mass at that time.

Significant changes in food intake were observed only on the 1% postinfection day in 2
months old birds (Fig. 3c). On this day the food intake in all 2 months old birds was higher
than at the day prior to infection (Wilcoxon test, P=0.018), and in the five "weak" 2
months old birds it increased significantly more than in the older ones (Mann-Whitney U-

test, P=0.001).

Experiment 2 (Fig. 4)

Oocyst releases dropped the first two days after infection, both at first and at second
infection. In all cases, the number of oocysts increased tremendously at day 3 after
infection. After first infection all the birds returned to previous levels of infection within 3
weeks whereas the same birds maintained a higher level of oocysts output after the second
infection (Fig. 4a). At 21* day after the second infection the birds still had significantly
(P=0.003) higher oocyst output than at 21* day after the first infection, on average about
100 times higher.

Body mass did not change much in first infected birds (Fig. 4b). After the second infection
the group splitted into 4 "fit" birds that increased body mass at about 2 g on average, and in
three "weak" birds that decreased body mass at about 3 g on average. On day 14 after the
second infection the difference in body mass change between the "weak" birds and the "fit"
birds was significant (P=0.026), as well as the difference between the "weak" birds and the

same birds at the 14" day after the first infection (P=0.005).

Daily food intake (Fig. 4¢) did not change much in first infected birds, and the increases in
food intake in birds following the second infection was more pronounced in the "weak"

individuals.

Experiment 3 (Fig. 5)

All the 20 months old birds that were infected with a dose of 1x10* oocysts showed similar
reaction on the infection, but those birds who were infected with the 10 times higher dose
splitted, according to their reaction, to 4 "fit" and 3 "weak" birds. As in the two previously
described experiments, oocyst output in all the birds dropped on the first two days and
increased on the third postinfection day. Thereafter, the birds at low dose as well as the
"fit" birds of the high dose group returned to the chronic infection intensity level. On the

30™ postinfection day the oocyst output in the birds infected with usual dose was lower
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than in "fit" birds infected with high dose (P=0.011) and much lower than in "weak"
birds infected with high dose (P=0.000) (Fig. 5a).

Body mass of birds infected with usual dose, as well as of "fit" birds infected with high
dose had a tendency to continuous increase during the first postinfection month, while
the body mass of "weak" birds following infection with high dose decreased (Fig. 5b).
On 25" day differences in body mass changes were not significant, but at 30" day the
body mass increase in birds infected with usual dose was smaller than in "fit" birds
infected with higher dose (P=0.046) and higher than in "weak" birds infected with
higher dose (P=0.011). The "weak" birds infected with high dose differed in their body
mass changes from the combined sample of the other birds (P=0.019), but the high dose
infected birds calculated together did not differ from the ones infected with usual dose

because of the opposite tendencies in "fit" and "weak" high dose infected individuals.

Food intake in birds infected with usual dose did not show any significant changes
(Fig. 5c). In the "weak" high dose infected birds food intake decreased on the third
postinfection day, and these changes were significantly different from the "fit" high
dose infected birds (P=0.041) and from changes in birds infected with usual dose and in

"fit" birds infected with high dose, calculated together (P=0.011).

Discussion
Immunity to Isospora can not prevent re-infection, therefore, similar prevalence of
infection between adult and young birds of the investigated species in the wild reflects

similar probabilities for young and adult birds to swallow infectious oocysts.

On contrary to prevalence, the intensity of infection by parasites that multiply inside
the host can be regulated by the host. In this case the amount of parasites that survive
and successfully develop in the host reflects how the host can cope with the parasite.
Thus, intensity of Isospora spp. infection gives more information about the host's

condition than prevalence of infection.

Screening of 5 bird species on the Courish Spit showed that in the wild the intensity of
Isospora infection in young birds is higher than in adult ones. This concurs with the
data that young animals are more susceptible to coccidial infection (Long 1982,
Gylstorff & Grimm 1998), which is supposed to be due to some immunity against
coccidia acquired with age (Long 1982).
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The intensity of chronic infection in young captive Blackcaps decreased during the first
year of life. This may serve as an indirect evidence of the development of immunity
against Isospora spp.. This different level of chronic infection intensity may also be
one of the possible reasons why young birds in the wild have higher intensity of

Isospora spp. infection.

The second reason for a higher intensity of infection in young birds in the wild could
be due to different reactions of adult and young birds to re-infection. The data from

artificial infection experiment are supporting this suggestion.
Infection experiments

To understand the results of the experiments it is important to remember that in
contrast to classical experiments of artificial infection in young chicken and other
coccidia-free birds, all the birds that were used in our experiments were already

chronically infected with the same Isospora species.

In all infection experiments a drop of oocyst output for the first two days following
infection was observed. This drop shows that the inoculated oocysts indeed passed
endogenous stages and the peak of oocyst production that we observe on the third day
is a result of the parasite's multiplication within the host. If the oocysts would have
been not able to infect the new host they would have passed through, and we would
have observed many sporulated oocysts in the faeces at the day of infection. The peak
of oocyst output appeared already on the third day that is the shortest known prepatent
period of Isospora species. We can not yet explain why the prepatent period was this

short.

The individual reaction of birds on the infection was very different, and in terms of
body mass sometimes even opposite. This illustrates the natural variety in the
population. We suggest that the "fit" groups are those individuals that survive the
infection, and that surviving of "weak" individuals in nature will depend on many
conditions, such as food availability, climatic factors, predator pressure, other diseases

etc.

The first experiment showed that a high percentage of 2 months old birds (5 from 7)
indeed suffered from the infection more than older birds. Only two of these birds
managed to cope with the parasites by their own. On contrary, birds of 14 months age,
and especially of 26 months age could easily cope with received infection. In these

birds there was even a tendency to increase the body mass. The experiment also



Chapter 6. Effects of age on the infection of wild and captive birds 67

showed that younger chronically infected birds in case of artificial infection react with
higher oocyst output and keep it for a longer time than adult ones. This may also cause
the observed differences in the infection intensity level between adult and young birds
in the wild.

The differences in reaction of chronically infected birds on 1% and 2" re-infection
(experiment 2) can be taken as differences between healthy birds and birds that are
already weakened because of some other diseases. The same dose of infective oocysts
can be tolerated by healthy birds, but it can be more difficult to tolerate it for the birds

who already have some health problems. The "weak" group after the second re-
infection increased their food intake, but their body mass nevertheless decreased
despite food was available ad libitum. In the wild when the birds have to search for the
food actively, under pressure of abiotic factors, predators etc., this body mass changes
may become more dramatic. In other words, for many individuals Isospora coccidia
may become more harmful if the infection repeats after a short time. On the other hand,
some individuals can cope with the infection and even accumulate body mass without
increasing food intake, as shown by the "fit" group.

Experiments in poultry showed that an increase in the number of oocysts ingested by
the host is usually accompanied by an increase in severity of disease (Hein, 1968, 1969,
1971, 1974, Long, 1973). However, Leathem and Burns (1968) noted that very heavy
doses of oocysts produced lower mortality in cecal coccidiosis of chickens. It is
possible that the invasion of very large numbers of sporozoites and/or the development
of the early stages produce a host reaction resulting in loss of some invasive stages
(Rose et al. 1975). Dogiel (1962) postulated that parasites with endogenous
multiplication stages control their multiplication according to the "parasitic capacity"
of the host. He suggests that not the amount of oocysts ingested, but the capacity of the
host restricts the amount of parasites that will develop. In this case the amount of
parasites developed will not depend on the dose of the infective oocysts. In our
experiment (experiment 3) the amplitude of the peak did not depend on the dose of the
infective oocysts. Increasing the infective dose did not influence much the amount of
oocysts produced per day at the third postinfection day peak, but the number of days
with high oocyst output. In other words, higher oocyst dose caused more severe
infection, not in terms of higher oocyst output per day, but in the number of such days.
As a result the birds that were infected with higher oocyst dose need more time to

recover from the infection. As in previous experiments, there were fit" individuals that
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could cope with the high dose infection (in terms of oocyst output) nearly as well as the
birds which got 10 times lower dose. These birds even increased their body mass as a
result of infection. On contrary, three of 7 birds dropped their body mass and reduced
food intake, and at the end had to be medicated.

The absence of correlation or even a slight positive correlation between the intensity of
Isospora infection and body mass of the bird in the wild was noticed by Mazgajski &
Kedra (1998) in Starling nestlings and by Kruszewicz & Dyrcz (2000) in adults and
nestlings of several Acrocephalus species. Our screening data from two different
trapping sites also show no correlation between these two parameters (Chapter 7). In
the present work we also did not find any correlation between the intensity of infection
and body mass of the host in the wild. The absence of correlation between intensity of
Isospora infection in birds in the wild and body mass of the host can be also explained
by our experimental data. In some experimental birds there is a drop of body mass
within the first two days after the infection. However, at this time there are nearly no
oocyst in the faeces. This does not mean low intensity of infection, but that endogenous
stages that preside appearance of oocysts prevail. If we sample the bird at this period of
infection, we will observe positive correlation between oocyst output and body mass of
the bird. After that in most cases there is no immediate influence of the infection on
body mass, or sometimes there is even a slight positive effect, if enough food is
available (Figs. 3, 4, 5). In cases of heavy infection, only 14-20 days after infection the
body mass of some individuals started to decrease (Figs. 3, 4). Then it may even
decrease rapidly and tremendously even when enough food is available, as we observed
in some of 2 months old birds. At this time, however, the peak of oocyst output has
already passed and the oocyst output decreases, and in birds sampled at this period of
infection we will also observe positive correlation between oocyst output and body
mass of the bird. In birds sampled between these two periods of infection no correlation
between body mass and infection intensity will be found. Hence, we suggest that the
fact that one can not find any correlation between oocyst output level and body mass of
the host in the wild (Mazgajski & Kedra 1998), or even a slight positive correlation
(Kruszewicz & Dyrcz 2000), is due to the sampling design. A single sampling of a bird
does not allow to find the effect of intensity of oocysts output on the body mass of the

bird.

We can conclude that the intensity of Isospora infection of wild passerine birds

depends on age. Younger birds show higher intensity of infection than adult ones
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because of higher intensity of chronic infection and more pronounced and prolonged
oocyst output after re-infection. Nevertheless, even high infection intensity can be
tolerated by some birds as long as the bird is not weakened and enough food is
available. Any attempts of searching of a direct correlation between bird's body mass
and its oocyst output should be done carefully because of the postponed effect of the
parasite on host's body mass. The effect of parasite on a bird in a cage with food and

water ad libitum will also be weaker than its effect in the wild.



CHAPTER 7

ISOSPORA (PROTISTA: COCCIDIIDA)
INFECTION IN MIGRATING PASSERINE BIRDS
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Isospora (Protista: Coccidiida) infection in migrating passerine birds

Introduction

The optimal way for a migrating bird to reach its destination within the appropriate time
differs depending on the demands that act on the bird. Time, energy, and safety from
predators are of main current concern (Alerstam & Lindstrom 1990, Alerstam &
Hedenstrom 1998). A yet almost unidentified subject is the role of parasites and diseases in
migrants, and the adaptations of the birds to cope with. Some studies reveal that migratory
species indeed have more severe protozoan infections than residents (Dogiel 1962, Greiner
et al. 1975). This may have implications for the fitness of the birds and for our
understanding of the susceptibility of migratory birds to environmental perturbations. The
immune system is probably one of the most efficient anti-parasite defence systems that
hosts have evolved against parasites (Roitt et al. 1996, Wakelin 1996). It was shown, that
migratory bird species have larger immune defence organs than closely related resident
species, and this difference is suggested to be caused by exposure of migrants to a more
diverse parasite fauna than experienced by residents (Moller & Erritzee 1998). Migratory
birds are thought to be very susceptible to the negative impact of parasites owing to a
condition-dependent immune response (Chandra & Newberne 1977, Gershwin et al. 1985).
The relationship between body condition, refuelling and parasite load in migratory and
resident species has, however, hardly been studied, and it deserves more attention (Dawson

& Bortolotti 2000, Yorinks & Atkinson 2000).

The effect of blood Haemosporidian parasites on migrating passerine birds was shown by
many authors, the most complete overview was made by Valkitinas (1993, 1997). He
showed influence of Haemoproteus fringillae on growth, body mass, locomotor activity
and behaviour of nestling Chaffinches. Hayworth et al. (1987) found that Plasmodium
relictum infection reduces the ability of birds to keep thermoregulation and oxygen
transport. However, there is very few data about intestinal coccidian infections in passerine
birds in the wild (Mazgajski & Kedra 1998, Kruszewicz & Dyrcz 2000) and their

consequences.

Most of intestinal coccidian species that infect passerine birds belong to the genus
Isospora (Pellerdy 1974). They are abundant and widespread. In some populations of
passerine birds in Europe prevalence of infection has been frequently recorded to be over

50 % (Scholtyseck & Przygodda 1956, Grulet et al. 1985, Dolnik 1998). Isospora spp.
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are monoxenous parasites that require no intermediate transmitter for the spread of
infection (see Long 1982 for a review). With a few exceptions (Barré¢ & Troncy 1974,
Doran 1978) bird intestinal coccidia are thought to be specific on the level of host genera
(Box 1977, Levine 1982). In the host, mostly occasionally swallowed with food or water,
Isospora oocysts pass several merogonies so that the amount of these parasites increases
rapidly (Long, 1982). After gametogony and fertilisation new oocysts are released from
the bird together with faeces. Isospora oocyst output from passerine birds has a clear
diurnal pattern with one peak of oocyst release in the afternoon (Grulet ef al. 1985,

Dolnik 1999a, 1999b).

Coccidian infections are self-limiting and after a specific number of generations,
schizogony terminates and merozoites develop into sexual stages (Hammond 1973).
Isospora in passerine birds, however, seems to be an exception, as first noticed by Labbé
(1893). Boughton (1937) showed chronic Isospora infection in birds for two months,
despite he sterilised cages, food and water every 6 hours. Similar results for other Isospora
species were recorded by Anwar (1966). Box (1977) showed that Canaries (Serinus
canarius) experimentally infected with Isospora serini remain infected for months,
whereas 1. canari infection passes after 16-18 days. Some immunity develops as a result of

infection but it does not prevent re-infection (Long 1982).

Intestinal coccidians are well-known to be pathogenic in poultry as well as in some wild
birds in captivity (Gylstorff & Grimm 1998). Therefore, it is of a great interest to know

more about their interactions with migratory birds in the wild.

The aim of this study was to explore Isospora infection during autumn migration in
passerine bird species at two stopover sites, on the Courish Spit (Baltic Sea) and on the

island of Helgoland (North Sea).

Migratory species are suggested to carry more severe protozoan parasite infections
(Greiner et al. 1975) and to invest more in immune defence than resident ones (Mgller &
Erritzee 1998). Therefore, we also compared prevalence and intensity of infection between

long- and short distance migrants.

We checked whether intensity or prevalence of Isospora infection in the investigated
migrating bird species were associated with body condition of the bird. The only data
about the relationship between Isospora infection and body condition of passerine birds

in the wild concern nestlings. They show no or even a slight positive correlation between
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intensity of infection and body mass of the host (Mazgajski & Kedra 1998,
Kruszewicz & Dyrcz 2000).

It was recorded that Chaffinches infected with Leucocytozoon spp. are concentrated at the
end of their bird migration flow (Valkitinas 1997). Therefore, we investigated whether the
prevalence and intensity of infection increases at the end of migration, which may indicate

that infected birds are hindered in time of departure.

Material and methods
The research was carried out in the period 20 August — 16 October 1997-98 at two sites.
The first study site is Biological Station Rybachy, that is located on the Courish Spit, SE

Baltic coast (55°12'N, 20°46'E). - y .
£z s
The second site is on the island of ﬂejk?ﬁrf ¥ ?// «aﬂf
Helgoland in the North Sea :;\;i{& J". ?/ \ /’2
& S ; } )
(54°11'N, 07°55'E), 53 km from - 0 L, M‘z
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(Bairlein 1995). Recorded data E)p( g N .
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species, age, sex, moult, body

mass and fat score. Fig. 1. Study sites.

We made our study on five target host species that are the most numerous at both sites
during autumn migration. These were Blackcap (Sylvia atricapilla), Garden Warbler
(Sylvia borin), Robin (Erithacus rubecula), Willow Warbler (Phylloscopus trochilus), and
Chaffinch (Fringilla coelebs). Garden Warblers, Willow Warblers, and Blackcaps were
selected as long distance migrants, whereas Robins and Chaffinches are regarded as

medium to short distance migrants (Zink 1973-1975, Zink & Bairlein 1995).

To avoid possible influence of birds’ age only juvenile birds were considered in the
analysis. Moreover, because of a diurnal pattern in Isospora oocysts output (Dolnik

1999b), only birds caught between 4 p.m. and 6 p.m. were sampled.
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In total, 105 Garden Warblers, 94 Robins, 81 Blackcaps, 52 Willow Warblers, and 32

Chaffinches were sampled.

The intensity of Isospora infection can be estimated without dissecting the host by using
standard method of counting oocysts in faecal samples. At both sites the same protocol of

sampling was used.

After ringing the birds were kept for 5-15 minutes in small individual cages with clean
ground paper. After defecation one fresh dropping of each individual bird was put into an

individually labelled tube with 5 ml 2% K,Cr,O7 aqueous water solution.

In the lab, the samples were kept opened for a week at room temperature to allow the
oocysts to sporulate. Then the samples were checked using a standardised method. For
concentrating the oocyst flotation in saturated NaCl solution was used. Each sample was
shaken well and put into 10 ml centrifuge-tube. Tap water was added up to 10 ml volume.
The sample was centrifuged for 5 minutes at 1500 R.P.M., and the upper layer was
removed, so that 2 ml of the lower layer were left. 8 ml saturated NaCl solution were
added and centrifuged again for 5 minutes at 1500 R.P.M. A standard quantity of the
surface layer (5 loops of 5 mm diameter) was placed on slides and immediately examined
at 100x magnification to determine the occurrence and intensity of infection. The whole
slide was checked to avoid mistakes that can be caused by oocyst clustering. As intensity
of infection the number of oocysts on the slide was used. Parasites were identified under
high magnification (1000x). The data were statistically analysed using SPSS 8.0
programme (SPSS Base System und Professional Statistics). Data are presented as means +

standard error (SE) or standard deviation (SD).

Results

Parasite species

No other coccidia genera except Isospora were found. The same host species on the
Courish Spit and on Helgoland were infected by the same Isospora species. In Blackcaps
two species of Isospora were found: Isospora sylvianthina Schwalbach 1959 and Isospora
sylviae Schwalbach 1959. The first species occurred in 91% of infected birds in Rybachy
and in 94% of infected Helgoland birds. The second species was presented in 22% of
infected birds from Rybachy and in 21% of infected birds from Helgoland. 13% of infected
Rybachy Blackcaps and 15% of infected Helgoland birds were infected by both parasite
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species. The same two species of parasites were found in Garden Warblers. On the
contrary, in Garden Warblers Isospora sylviae predominated (74% of infected birds in
Rybachy and 80% of infected birds on Helgoland), while Isospora sylvianthina occurred in
31% of infected birds in Rybachy and in 28% of infected birds on Helgoland. Mixed
infection of both species of parasites was seen in 5% of infected Garden Warblers in
Rybachy and in 8% on Helgoland. Willow warblers on both sites were infected by
Isospora sp. that does not fit to any species description but which is identical to Isospora
sp. type 21 mentioned by Svobodova (1994). In all infected Robins on both sites only
Isospora erithaci Anwar 1972 oocysts were found. Chaffinches on both sites were

exclusively infected by Isospora fringillae Y akimoff et Gousseff 1938.

Prevalence of infection
There was no significant difference in prevalence of infection between birds from the
Courish Spit and from Helgoland (Fig. 2), nor between the five host species. Prevalence of

infection did not show significant seasonal variation.

100 ~
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Fig. 2. Prevalence of Isospora infection in some birds' species at two sites in autumn.
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Intensity of infection

Within-site the intensity of infection varied between hosts species, but significant only on
Helgoland where Willow Warblers were heavier infected than Blackcaps (P=0.04) and
Garden Warblers (P=0.008), respectively.

In all five species the intensity of infection was higher in birds from Rybachy (Fig. 3),
although significant only in Garden Warblers (P=0.01), Willow Warblers (P=0.01) and in
the combined sample (P=0.000). In total, the intensity of Isospora infection in birds of

these two species caught on the Courish Spit was more than 10 times higher than in birds

from Helgoland.
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Fig. 3. Average intensity of Isospora infection (+SE) in some birds' species at two sites in autumn.

If we separate the three long-distance species and the two medium-distance migrants
(Fig. 4), the intensity of infection in long-distant migrants within a site is lower than in
medium- and short-distant migrants, though this difference is significant only on
Helgoland (P=0.000). The difference in intensity of infection between the sites is highly
significant in long-distance migrants (P=0.000) and not significant in short distance

migrants because of a large standard error in Rybachy birds.
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Fig. 4. Average intensity of infection (+£SE) in long- and medium-distance migrants.

Fat score and body mass of the birds

With the exception of Garden Warblers fat scores and body mass did not differ significantly

between the two sites (Table 1). We did not find any significant relationship between the

intensity of Isospora infection and the bird's body mass or fat score neither in Rybachy nor

on Helgoland.

Table. Average fat score (+ SD) and body mass (+ SD) and number (n) of investigated birds at two

study sites.
Measured
Bird species parameter Rybachy Helgoland U-test
fat 3.542.2 2.8+1.2 0.179
Blackcap mass 20.842.0 19.842.0 0.13
n 17 64
fat 3.6x1.4 2.4+1.3 0.000
Garden warbler mass 20.5£1.9 19.5+£2.3 0.028
n 30 75
fat 1.9+1.0 1.6£0.7 0.182
Robin mass 16.1£1.3 16.1£1.1 0.790
n 27 67
fat 3.0+1.1 2.6:0.9 0.112
Willow warbler mass 9.3£1.0 8.8£0.9 0.077
n 17 35
fat 1.2+1.4 2.7£1.0 0.060
Chaffinch mass 22.742.1 22.5+£2.0 0.966
n 10 22
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There was no significant seasonal variation of intensity of infection neither on Helgoland

nor in Rybachy (correlation analysis: P>0.3-0.5).
Discussion
Parasite fauna

Coccidia species carried by young birds during autumn migration can be those from the
breeding sites or be picked up along the migration route. However, young birds trapped on
Helgoland carried the same Isospora species in similar proportion as birds trapped on the
Courish Spit. Therefore, we can suggest that the coccidia faunas did not differ much
between the breeding and the migration areas of these birds. Infection of birds on both sites
with the same parasite species and their similar prevalence allows us to analyse the data

about Isospora spp. infection on the level of genera.

Fat score and body mass of the birds

There was no significant correlation between the intensity of Isospora infection and the
birds’ body mass or fat score neither in Rybachy, nor on Helgoland. Rather, the heavier
and fatter birds in Rybachy carried higher intensity than the birds on Helgoland. This may
relate to the observation by Dogiel (1962) who postulated that parasites with endogenous
multiplication stages control their multiplication according to the "parasitic capacity of the
host". Hosts in better physical condition are likely to offer more resources for parasites,
thus being more infected than weaker hosts. A positive correlation between the intensity of
infection and body mass was found in Starling nestlings (Mazgajski & Kedra 1998) and in
adults and nestlings of several Acrocephalus species (Kruszewicz & Dyrcz 2000).
Moreover, recent experiments with captive Blackcaps also show no linear relationship
between body mass and intensity of Isospora infection (Dolnik & Bairlein, in prep.). These
birds appear to cope with Isospora as long as the intensity of infection is not too high and

enough food is available.

Prevalence and intensity of infection

In wild birds during breeding, prevalence of Isospora infection can be over 50%
(Svobodova 1994, Dolnik 1998, Kruszewicz & Dyrcz 2000). For example on the Courish
Spit the prevalence of infection in young Chaffinches in summer can be 55% (Dolnik,
unpubl.). The current data revealed even much higher prevalence in passage migrants with
some 70% in the combined sample of species and 100% in Chaffinches on the Courish
Spit. Scholtyseck (1956) showed an increase of the proportion of Coccidia infected birds in

autumn compared to summer with a peak in September — October. However, he combined
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data of 1381 birds from 146 species, even of different taxonomic orders. Similar increase
of prevalence and intensity of Isospora infection in autumn was observed in pooled data of
several passerine species on the Courish Spit (Dolnik 1998). The causes of higher
prevalence of Isospora infection in migrating birds are not clear. It could be due to
differences in feeding mode or flocking (in Chaffinches). In any case, however, these high
levels may indicate that Isospora in migrating birds is less harmful for wild passerine birds
as Eimeria is for poultry where such high rates of occurrence may reveal serious disease

(Fernando 1982).

In contrast to prevalence, the intensity of Isospora infection was significantly higher in
Rybachy than on the island of Helgoland. As in other parasites with endogenous
multiplication stages in their life cycles, the intensity of Isospora infection does not depend
much on the dose of the infective oocysts. Even an infection with one oocyst may cause

heavy infection.

The reasons for lower infection in birds on Helgoland as compared to Rybachy are again
unclear. There may be differences in the intensity of infection in the different areas of
origin. While the Rybachy birds are mainly originating from the Baltic (Payevsky 1971),
the Helgoland migrants are coming mainly from Norway and central Sweden (Zink 1973-
1975, Zink & Bairlein 1995). Habitats in both areas of origin differ, thus the intensity of
Isospora infection may also be different. A striking difference between both study sites is
their location within the migration journey. While birds on passage at Rybachy are mainly
passing over land, the birds on Helgoland must have crossed the open sea. Consequently,
only those individuals may have done it to the island which were less infected, whereas
such a selection may not play a role in Rybachy. This is also supported by data on Willow
Warblers at the island Greifswalder Oie (Baltic Sea) where the intensity of Isospora spp.
infection is considerably lower than on the Courish Spit. In racing pigeons, coccidia
infected birds returned less and at lowed speed than non-infected birds (Bachmann et al.
1992). Moreover, recent studies on small migrants reveal some considerable reduction in
organ size, including intestine, due to sustained flights across ecological barriers (Biebach
1998, Bauchinger & Biebach 2001). Piersma (1998) showed that wader species shrink their
nutritional organs already before the long-distance flight. Digestive tract mass in Garden
Warblers, on the contrary, changes during the flight. It can reduce by 39% of the pre-flight
condition, with a shortening of the small intestine by 18% its length (Biebach 1998).
Consequently, the host’s capacity for intestine parasites could be reduced, resulting in

lower levels of parasite infection in those birds.
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Finally, the different intensity levels of Isospora infection in birds in Rybachy and on
Helgoland may be related to stopover duration. On Helgoland, stopovers are very short,
and most migrants leave the island within a day (Dierschke, in prep.). In Rybachy,
however, passage migrants stay much longer (Chernetsov 1998). Consequently, the risk of
re-infection could be higher in Rybachy, as well as the possibility to catch it in our study,
because it was shown, for example, on captive Blackcaps that oocyst release peaks 3-4

days after infection (Dolnik & Bairlein, in prep.)

Neither prevalence nor the intensity of infection showed any tendency to increase towards

the end of migration time. Thus, Isospora infection is unlikely to cause delay in migration.
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Summary

In wild bird populations parasites can be considered at least as important as predators,
simply because of their abundance and diversity. The subject of interest of this work was
Isospora, the most numerous genus among intestinal coccidia of wild passerine birds that
has, nevertheless, been rarely studied.

These parasites require no intermediate transmitter for the spread of infection. Oocysts are
released from the bird together with faeces, and the new host becomes infected through
ingestion of sporulated oocysts. We established and proved a method that enables
repeatable and comparable results on estimating the intensity of Isospora infection by
counting oocysts in faecal samples.

Presence and the number of the oocysts in faeces of an infected host show a 24-hour
thythm. In 6 bird species we investigated in the wild and in captivity, maximum release of
oocysts was found in late afternoon. This periodicity has to be taken into account when
sampling birds.

Isospora species are considered to be narrow host specific. This hypothesis was supported
by experimental transmission of Isospora sylvianthina from Blackcaps to Reed Warblers
that did not lead to infection. In 41 from 56 investigated species of passerine birds on the
Courish Spit (SE Baltic) 40 Isospora species were recorded, 2 of which are new species.
The prevalence and average intensity of infection varied in different bird species. Ground
feeders were more frequently and intensively infected than species feeding in the air.
Hence, feeding style of birds influences their chances to become infected.

In the wild, the young birds appeared to be more intensively infected than adult birds.
Under controlled laboratory condition the intensity of chronic infection of Blackcaps
decreased continuously during the first year of life. Re-infection of chronically infected
birds caused an increase in oocyst output for some days. In most young birds it took much
longer to return to the low chronic infection level than in at least one year old birds.
Subsequent re-infections weakened the birds so that the second re-infection led to
pronounced body mass loss in some individuals. The decrease in body mass, however,
occurred some days after the maximum of oocyst output. This may be the reason why

many investigators did not find a correlation between body mass and infection intensity of
birds in the wild.

During autumn migration the prevalence of infection in wild passerine birds was very high.
Comparison of intensity and prevalence of infection in several bird species on the Courish
Spit and on the island of Helgoland showed that there was no difference in prevalence of
infection between both sites. In contrast, the intensity of infection was lower on the island
than on land, and this difference was more pronounced in long-distance migrants.

Under natural circumstances most birds are likely to be able to tolerate Isospora infection.
However, in very young birds, in case of high doses, repeated re-infection, or particular
environmental constraints these parasites may have profound effects on fitness and
survival.
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Zusammenfassung

Schon auf Grund ihrer Héufigkeit und Vielfalt spielen Parasiten fiir Wildvogel mindestens
eine genauso groBle Rolle wie Predatoren. Gegenstand dieser Untersuchung ist die Gattung
Isospora. Obwohl sie die verbreitetste Kokzidien Gattung unter den Darmparasiten der
Singvogel ist, wurde sie bisher kaum untersucht.

Diese Parasiten bendtigen keine Ubertriger fiir ihre Ausbreitung, da die Oozysten mit dem
Kot ausgeschieden und nach der Sporulation direkt vom neuen Wirt aufgenommen werden.
Ich habe eine Methode entwickelt und getestet, um den Grad des Isospora-Befalls durch
Auszdhlen der Oozysten in Kotproben abzuschitzen. Diese Methode ermdoglicht
wiederholbare und vergleichbare Ergebnisse.

Vorkommen und Menge der Oozysten in Kotproben zeigen einen 24-Stunden-Rhythmus. Fiir
6 Vogelarten, die wir unter Laborbedingungen und im Freiland untersucht haben, wurden
maximale Werte fiir Oozysten am Spétnachmittag festgestellt. Dieser Tagesrhythmus muss
bei der Kotprobennahme von Végeln beriicksichtigt werden.

Isospora werden als eng wirtsspezifisch angesehen. Diese Hypothese konnten wir
experimentell unterstiitzen. FEine Ubertragung von Isospora  sylvianthina —von
Monchsgrasmiicken auf Teichrohrsdnger fiihrte zu keiner Infektion. In 40 von 55
untersuchten Singvogelarten der Kurischen Nehrung (Baltikum), wurden 41 Isospora Arten
gefunden, von denen zwei Arten erstmalig beschrieben wurden. Vogel, die ihre Nahrung vom
Boden aufnehmen, sind haufiger und starker befallen als Vogel, die ihre Nahrung im Flug
erbeuten. Die Art der Nahrungsaufnahme beeinflusst also die Wahrscheinlichkeit, infiziert zu
werden.

Im Freiland waren Jungvogel héufiger stark befallen als Altvogel. Unter kontrollierten
Laborbedingungen nahm die Befallsstirke chronisch infizierter Monchsgrasmiicken im ersten
Lebensjahr kontinuierlich ab. Wiederholte experimentelle Infektion chronisch infizierter
Monchsgrasmiicken fiihrte zu einem mehrtdgigen erhohten OozystenausstoB. Jungvogel
brauchten in der Regel ldnger, um zu den anfinglichen chronischen Befallswerten
zuriickzukehren als einjdhrige und é&ltere Vogel. Wiederholte experimentelle Infektion
schwichte die Vogel deutlich und fiihrte bei einigen Individuen zu deutlichem
Korpermasseverlust. Allein die Abnahme der Korpermasse zeigte sich erst einige Tage nach
dem maximalen OozystenausstoS. Vermutlich wurde deshalb von vielen Forschern kein
Zusammenhang zwischen Korpermasse und Infektionsgrad an Freilandvogeln festgestellt.

Wihrend des Herbstzuges ist der Kokzidienbefall von Singvégeln besonderes ausgeprégt. Ein
Vergleich von Befallsgrad und -hdufigkeit mehrerer Vogelarten auf der Kurischen Nehrung
und auf Helgoland zeigte keinen Unterschied in der Haufigkeit des Befalls. Die Befallsstarke
war jedoch niedriger bei Vogeln von der Hochseeinsel Helgoland als bei Vogeln vom
Festland und dieser Unterschied war bei Langstreckenziehern deutlicher ausgeprégt.

Unter natiirlichen Bedingungen scheinen die meisten Vogel einen Isospora-Befall ertragen zu
konnen. Bei Jungvogeln jedoch konnen diese Parasiten bei hohem Infektionsgrad,
wiederholtem Befall oder ungiinstigen Umweltbedingungen einen gravierenden Effekt auf
Kondition und Uberleben haben.
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Pe3iome

[Tapa3uTsl, B CHIIy cCBOEro 0OUIUS M pa3HOOOpa3usi, OKa3bIBAIOT HE MEHEE BAXKHOE BIIMSIHHE Ha
MONYJIAIMKA JAUKUAX TTHUI, 4eM XUIIHUKA. OOBEKTOM JaHHOTO WCCIICIOBAHUS SIBIISIOTCS
MpeACTaBUTENN pojaa Isospora, CaMOro pacupOCTPaHEHHOTO M MHOTOYMCIEHHOTO pojia
KHUIIIEYHBIX KOKITUIUN AUKAX BOPOOBUHBIX MTHUII, KOTOPHIN, TEM HE MEHEE, CJ1a00 U3yUeH.

3apakeHHe U30CIOpaMK OCYIIECTBIACTCS 0€3 yJacThs MPOMEXYTOYHOTO X03siMHa. OOIMCTHI
BBIJICIISIFOTCS. B OKPYIKAIOIIYI0 CPEy C MOMETOM M 3apa)kK€HHE IMTHIl MPOUCXOUT MaCCUBHO
NpU 3arjaThlBaHUKM CIIOPYJIMPOBAHHBIX OOIMCT. Hamu pa3pabotan u onpoOMpOBaH METO.
ImoacyeTa OOoLucCT B Hp06ax noMeTa, HO3BOH$IIOH.[Hﬁ MoJIy4yaTb CPaBHUMBIC JAHHBIC 110 OLICHKC
MHTEHCHBHOCTH 3apa)KCHHUsI U30CMOpaMu. Y MIECTH MCCIICAOBAHHBIX HAMU BHIIOB MTHUI] KaK B
npupoac, Tak MU B SKCICPEMCHTC, MAKCUMYM BBIJCICHHUA OOHUCT IMPUXOAWJICA HA BTOPYIO
MOJIOBUHY JHs. HepaBHOMEPHOCTh BBIJICICHHSI OOIUCT B TEUEHHE CYTOK CICIYeT YUYUTHIBATH
pu cOope mpoo.

Bunet ponma Isospora cuutaloTcs y3KO BUAOCHEUUM(UYHBIMUA Tapa3UTaMH, 4YTO ObLIO
MOATBEPIKICHHO HAIIMM JKCIEPUMEHTOM MO TPAHCMUCCUU BHHA Isospora sylvianthina ot
CIIaBKH-YEPHOTOJIOBKM TPOCTHUKOBOM KaMBbIIIEBKE, KOTOPBI HE MpHUBEN K 3apaKeHHUI0
nocneaneir. Y 40 BUAOB BOpPOOBMHBIX MNTHUIl, M3 55 wccineaoBaHHbIX Ha Kyprickoil koce
banrtuiickoro Mopsi, 6611 00HapyxeH 41 BUA W30CMOpP, M3 KOTOPBIX 2 OIKCAHBI BIIEPBBIC.
DKCTEHCUBHOCTb U CPEIHSSI MHTCHCUBHOCTh 3apa’K€HUsI BApbUPOBAa y Pa3HbIX BUJIOB MTHII.
[Itunel, coOuparommue KOPM Ha 3emjie, Yalle W HWHTCHCHBHEE 3apa)XeHbl, YeM BH/BI,
KOpMsIIuecs: B Bo3ayxe. Takum oOpa3oM, YCTaHOBIICHO, YTO THUIT TUTAHUS NTHIIBI OKa3bIBAET
BIIUSTHUE Ha PUCK 3apaKeHUS.

B npupoje Momo/pie TULIBI OKa3bIBAIOTCS 00JIe€ MHTEHCUBHO 3apayKEHHBIMU, YEM B3POCIIBIC.
B naGopaTopHbIX yCIOBUSX MHTEHCUBHOCTh XPOHUYECKOTO 3apayKEHUS CIIaBOK-YEPHOT0JIOBOK
MOCTOSIHHO CHUXKaJlach B TE€YEHHUE MEPBOro roja *ku3Hu. [IoBTOpHOE 3apaxeHue XpOHUUECKU
3apaXKCHHBIX MTHUIl BHI3bIBAJIO MMOBBIIIEHHOE BBIJEICHHUE OOLMCT B TEUEHNUE HECKOIbKUX JTHEH.
Bo3Bpar Kk XpOHMYECKOMY YpPOBHIO BBIJEICHUS OOLUCT y MOJIOABIX NTHUI[ HACTYMal
3HAYUTENIBHO MO3XKeE, YeM y B3pocibiX. [loBTOpHOE 3apakeHne 0ciadsyio NTHI] U TPUBOIUIO
K 3HAYUTENBHBIM TIOTEPSM MAacChl Tella y HEKOTOphIx ocoOeit. Iloteps macchl Tena
Habo1anachk CIyCTS HECKOJbKO JHEW MOCie MAacCOBOTO BBIACNEHUS OOLMCT. DTOT (aKT,
BO3MOJKHO, SBJISIETCSI MPUYMHOM TOr0, YTO MHOTMM HCCJIEAOBATENIIM HE YJIaBaJlOCh
OOHapyXHUTh 3aBHCHUMOCTH MEXIy Maccoil Tella MU MHTEHCUBHOCTBIO 3apa’kK€HUsl MTHIl B
MIpUPO/IE.

DKCTEHCHUBHOCTh 3apa)K€HUs M30CMOpaMU TUKUX BOPOOBMHBIX NTHIl B TEUEHHE OCEHHEH
MUTpalliy PErucCTpUpOBAach OUYEHb BBICOKOH. CpaBHEHHE 3KCTEHCHUBHOCTH 3apa’KeHUs
M30CIIOpaMHU Y HECKOJIbKMX BUIIOB NTull Ha Kypuickoil koce m Ha octpoBe ['enbrosiann
(CeBepHoe MOpe) HE BBIABUJIO pa3iMyYuid, TOTAA KaK MHTEHCUBHOCTb 3apakKEHHs Ha OCTPOBE
ObLTIa HUXKE, YeM Ha KOCe, M 3TU pa3Inyusl ObUIH sipue BBIPAXKEHBI Y JAIbHUX MUTPAHTOB.

Bbicokast 103a M30CTIOPUAMO3HONW WHQEKINH, PeUH(PEKIUN U HEeOIaronpHsITHBIC YCIOBHS
OKpY)KalOIIeH Cpenbl OKa3bIBAIOT CHIIBHOE BO3JEHCTBHE HAa COCTOSHHE M BBDKHBAEMOCTH
MOJIOJBIX NTHI, TOTJa Kak OOJIBIIMHCTBO B3pOCHBIX MTHUI, MO-BUAMUMOMY, CHOCOOHO
crpaBuTcs ¢ uHpeknuen Isospora.
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