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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 Valkiūnas 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, 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. 
 

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

 

 

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, 



Chapter 1: General introduction 
_____________________________________________________________________________________________________________________________ 

4

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 (Černá 

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 & Kędra 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 (Valkiūnas 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 5 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.  
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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 

(K2Cr2O7).  
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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 100× 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). 
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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).  
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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 
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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 

Parasitologiya 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 

Fülleborn. 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, ×400, ×1000) 

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 I. 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" (Schüz 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 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 (Černá

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 (55o12′N, 20o46′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 K2Cr2O7 at room temperature to allow the

sporulation. Each sample was examined immediately after flotation centrifuging in

saturated NaCl solution. Preparates were examined under 100× magnification to determine

the presence and the number of oocysts. For the species determination 1000×

magnification with immersion oil was used.



Chapter 4: Species and specificity
_________________________________________________________________________________________________________________________________

37

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 1 0 —
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
coccothraustes

Fringillidae 7 5 Isospora sp. (new species 2)

Corvus monedula Corvidae 1 1 Isospora monedulae Yakimoff et
Matschoulsky 1936

Delichon urbica Hirunididae 3 0 —
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 Yakimoff 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 1 0 —
Locustella luscinioides Sylviidae 1 0 —
Loxia curvirostra Fringillidae 1 0 —
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 2 0 —
Muscicapa striata Muscicapidae 6 0 —
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 1 0 —
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 2 0 —
Phylloscopus trochiloides Sylviidae 2 0 —
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 1 0 —
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 4 0 —
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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 4.4.

Isospora certhiae sp. n. (Protozoa: Eimeriidae)
 from the Tree Creeper (Certhia familiaris)
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CHAPTER 4.4. (Translation)

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

Parasitologiya 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 µm in diameter (27.7 µm in average ). The cyst wall lacks a micropyle. A triangular

polar granule appears, but no oocyst residuum. The sporocysts 12.2-14.9 × 14.9-17.6 µm size (average

13.5 × 16.2 µm), bear a knob-like Stieda body and contain pyramid-like sporozoites 8 µm length and 3 µm

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 K2Cr2O7 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 100× magnification to determine the

presence and the number of oocysts. For the species determination 400× and 1000×

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 µm to 29.7 µm, 27.0 µm 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 × 14.9 µm to 14.9 × 17.6 µm, in

average 13.5 × 16.2 µm. In every sporocyst there was a compact sporocyst residuum and

wedge-shaped sporozoits 8 × 3 µm.

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.

Černa (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 µm in diameter, Boughton mentioned diameter of 21 µm, Henry wrote

that diameter is 22-32 × 16-26 µm, and some other authors mentioned 17-29 µm. 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 µm in diameter (27 µm 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 × 14.9-17.6 µm, in average 13.5 × 16.2 µm,

Stieda body bears a cap. Sporocyst contains a compact residuum and wedge-shaped

sporozoits 3 × 8 µm.

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 et 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 % K2Cr2O7

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 100× 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 were

identified under high

magnification (1000×). 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

  Aerial feeders                           Foliage gleaners that include
     fruits into diet
  Delichon urbica   Carpodacus erythrinus
  Hirundo rustica   Coccothraustes coccothraustes
  Muscicapa hypoleuca   Pyrrula pyrrula
  Muscicapa parva   Sylvia atricapilla
  Muscicapa striata   Sylvia borin
  ��= 72   Turdus philomelos

��= 395

  Foliage gleaners   Ground feeders

  Acrocephalus palustris   Erithacus rubecula
  Acrocephalus schoenobaenus   Fringilla coelebs
  Acrocephalus scirpaceus   Luscinia luscinia
  Aegithalos caudatus   Motacilla alba
  Certhia familiaris   Oenanthe oenanthe
  Emberiza schoeniclus   Passer domesticus
  Hippolais icterina   Sturnus vulgaris
  Parus caeruleus   Troglodytes troglodytes
  Parus major   Turdus merula
  Phoenicurus phoenicurus ��= 317
  Phylloscopus collibitus
  Phylloscopus trochilus
  Prunella modularis
  Regulus regulus
  Remiz pendulinus
  Spinus spinus
  Sylvia communis
  Sylvia curruca

��= 442
  TOTAL: 1226 birds

 Table. Examined bird species.
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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

that include fruits into diet are

significant. Differences in the

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

infection have lower 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). Therefore

prevalence of infection reflects the

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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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).

Fig. 2. Correlation between prevalence and
average intensity of infection in bird species of
different feeding style (see text), trapped at
Rybachy and Helgoland.
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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 (Svobodová & Cibulková 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 (Svobodová & Cibulková 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. Svobodová & Cibulková (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 (55o12′N, 20o46′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 Sylvia 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 (K2Cr2O7). 

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 100× 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 µl of

suspension. By repeated washing and concentrating a final concentration of 1 × 104 oocysts

in 50 µl 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 ×

104 oocysts. In one experiment, a dose of ca 1 × 105oocysts per 50 µl 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.
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Results

1. Field data

In the five investigated bird

species the prevalence of

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),

though significantly only in

Scarlet Grosbeaks (P=0.047),

Chaffinches (P=0.019) and

Blackcaps (P=0.024) and in the

combined sample (P=0.013).

Intensity of Isospora infection in

birds in the wild did not correlate

with body mass of the host.

Fig. 1. Prevalence (a) and intensity

±SE (b) of Isospora spp. infection in

young (white bars) and adult (black

bars) birds in the wild.
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2. Experimental data

The intensity of chronic infection in captive Blackcaps was continuously decreasing during

the first year of life (Fig. 2).

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 13th 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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Fig. 3. Average oocyst release (a), average body mass changes ±SE (b), and average food intake

changes ±SE (c) in birds of different age after artificial infection with 1 × 104 Isospora sylvianthina

oocysts. For clarity error bars in figure (a) are omitted.
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Fig. 4. Average oocyst release (a), average body mass changes ±SE (b), and average food intake

changes ±SE (c) of 7 months old birds after first (white) and second (grey, black) artificial infection

with 1 × 104 Isospora sylvianthina oocysts. For clarity error bars in figure (a) are omitted.
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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 1st 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 21st day after the second infection the birds still had significantly

(P=0.003) higher oocyst output than at 21st 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 14th day after the first infection (P=0.005). 

Daily food intake (Fig. 4c) 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 1x104 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

30th postinfection day the oocyst output in the birds infected with usual dose was lower 
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Fig. 5. Average oocyst release (a), average body mass changes ±SE (b), and average food intake

changes ±SE (c) of 20 months old birds after artificial infection with 1 × 104 (white) and 1 × 105

(grey, black) Isospora sylvianthina oocysts. For clarity error bars in figure (a) are omitted.
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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 25th day differences in body mass changes were not significant, but at 30th 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
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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 1st and 2nd 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 &

Kędra (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 & Kędra 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. 
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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 & Lindström 1990, Alerstam &

Hedenström 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 (Møller & Erritzøe 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 Valkiūnas (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 & Kędra 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 et 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 I. 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 (Møller &

Erritzøe 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 & Kędra 1998,

Kruszewicz & Dyrcz 2000). 

It was recorded that Chaffinches infected with Leucocytozoon spp. are concentrated at the

end of their bird migration flow (Valkiūnas 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 (55o12′N, 20o46′E).

The second site is on the island of

Helgoland in the North Sea

(54o11′N, 07o55′E), 53 km from

the mainland (Fig. 1). 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, age, sex, moult, body

mass and fat score.

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. 

Fig. 1. Study sites.



Chapter 7: Isospora (Protista: Coccidiida) infection in migrating passerine birds
_____________________________________________________________________________________________________________________________

74

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% K2Cr2O7 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 100× 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 (1000×). 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 Yakimoff 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.

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. 

Fig. 3. Average intensity of Isospora infection (±SE) in some birds' species at two sites in autumn.
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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 3.5±2.2 2.8±1.2 0.179
Blackcap mass 20.8±2.0 19.8±2.0 0.13

n 17 64
fat 3.6±1.4 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 22.7±2.1 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 & Kędra 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%

(Svobodová 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.



81

References:

Alerstam, T. and Lindström, Ǻ. (1990) Optimal Bird Migration: The Relative

Importance of Time, Energy and Safety. In Bird Migration (E. Gwinner, ed.),

pp.331-351. Springer-Verlag, Berlin, Germany.

Alerstam, T. and Hedenström, A. (1998) The development of bird migration theory.

J. Avian Biol. 29, 343-369.

Anwar, M. (1966) Isospora lacazei (Labbé 1893) and I. chloridis sp. n., (Protozoa,:

Eimeriidae) from the English Sparrow (Passer domesticus), Green Finch (Chloris

chloris) and Chaffinch (Fringilla coelebs). J. Protozool. 13, 84-90.

Anwar, M. (1972) Isospora erithaci sp.n. (Protozoa, Eimeriidae) from the redbreast

(Erithacus rubecula). Acta protozoologica 10, 263-267. 

Arnastauskene, T.V. (1985) Coccidia and coccidiosis in domestic and wild animals

of Lithuania. Mokslas, Vilnius, Lithuania.

Bachmann, N., Daugschies, A., and Rommel, M. (1992) The effect of coccidial

infections on the flight performance of racing Pigeons. Tierärtzliche Umschau 47,

383-386.

Bairlein, F. (1985) Efficiency of food utilization during fat deposition in the long-

distance migratory garden warbler, Sylvia borin. Oecologia, 68, 118-125.

Bairlein, F. (1986) Ein standardisiertes Futter für Ernährungsuntersuchungen an

omnivoren Kleinvögeln. J. Ornithol. 127, 338-340.

Bairlein, F. (1995) European-African Songbird Migration Network. Manual of field

methods. Institut für Vogelforschung, Wilhelmshaven, Germany.

Barré, N. and Troncy, P.M. (1974) Note on a coccidia of some Ploceidae in Chad:

Isospora xerophila n. sp. Z. f. Parasitenk. 44, 139-147.

Bauchinger, U. and Biebach, H. (2001) Differential catabolism of muscle protein in

Garden Warblers (Sylvia borin): flight and led muscle act as a protein source during

long-distance migration. J. Comp. Physiol. B 171. 293-301.

Biebach, H. (1998) Phenotypic organ flexibility in Garden Warblers Sylvia borin

during long-distance migration. J. Avian Biology 29, 529-535.



82

Boughton, D.C. (1933) Diurnal gametic periodicity in avian Isospora. Am.J.Hyg. 33,

161-184.

Boughton, D.C. (1937) Studies on oocyst production in avian coccidiosis. II. Chronic

isosporan infections in the sparrow. Am. J. Hyg. 25, 203-211.

Box, E.D. (1977) Life cycles of two Isospora species in the Canary, Serinus canarius

Linnaeus. J. Protozool. 24, 57-67.

Box E. D. (1980) Isospora as an extra-intestinal parasite of passerine birds. Prog.

Abstr. Am. Soc. Parasitol. 55, 39-40.

Britton, W.M., Hill, C.H., and Barber, C.W. (1964) A mechanism of interaction

between dietary protein levels and coccidiosis in chicks. J.Nutr. 82, 306-310.

Černá, Ž. (1973) Interesting coccidians from wild birds. J.Protozool. 20, 535-536.

Chandra, R.K. and Newberne, P. M. (1977) Nutrition, Immunity and Infection.

Plenum Press, New York, USA.

Chernetsov, N. (1998) Stopover length and weight change in juvenile Reed Warblers

Acrocephalus scirpaceus in autumn in the Eastern Baltic. Avian Ecology and

Behaviour 1, 68-75.

Chernisheva, M.P. (1995) Hormones of animals: Introduction into physiological

endocrinology. Glagol, St.Petersburg, Russia (in Russian).

Clayton, D.H. and Moor, J. (ed.) (1997) Host-parasite evolution: general principles

and avian models. Oxford University Press, Oxford, UK.

Dawson, R.D. and Bortolotti, G.R. (2000) Effect of hematozoan parasites on

condition and return rates of American Kestrels. Auk 117, 373-380.

Deguchi, T. (1982) Endogenous oscillator and photoreception for serotonin N-

acetyltransferase rhythm in chicken pineal gland. In: Vertebrate cyrcadian systems.

Structure and physiology. (J. Aschoff), pp.146-172. Springer, Berlin, Germany.

Dogiel, V.A. (1962) General Parasitology. Leningrad University Press, Leningrad,

USSR (in Russian).

Dolnik, O.V. (1998a) Isospora coccidia (Protozoa : Eimeriidae) of passerine birds on

the Courish spit. Proceedings of the Symposium of Bird-Parasite Interactions,

Bulletin of the Scandinavian Society for Parasitology. 8, 58-59.



83

Dolnik, O.V. (1998b) Isospora pari sp. n. and Isospora caerulei sp. n. (Protozoa,

Eimeriidae) from the Blue Tit (Parus caeruleus). Parasitologiya 32, 277-281 (in

Russian, English summary).

Dolnik, O.V. (1999a) Diurnal oocyst periodicity in Isospora dilatata (Sporozoa:

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

33, 74-80. (in Russian).

Dolnik, O.V. (1999b) Diurnal periodicity in appearance of Isospora (Protozoa:

Coccidea) oocysts from some passerine birds. Proceedings of the Zoological

Institute RAS 281,113-118.

Dolnik, O.V. (1999c) Isospora certhiae sp. n. (Protozoa, Eimeriidae) from a Tree

Creeper (Certhia familiaris). Parasitologiya 33, 149-151 (in Russian, English

summary).

Dolnik, O.V. (2000) Isospora (Protozoa, Sporozoa) infection in passerine birds of various

feeding habits. Proceedings of the Symposium on Ecological parasitology on the turn

of millenium, Bulletin of the Scandinavian Society for Parasitology 10, 69-70.

Dolnik, O.V. (2002) Isospora sylvianthina (Protozoa: Coccidiida), parasite of

Blackcap, does not infect Reed Warbler. Zoosystematica Rossica, 10, 2001: 240.

Dolnik, V.R. (1974) Diurnal feeding and locomotor patterns in migratory birds. In:

Birds’ biology researches. (R.L. Potapov, ed.), pp. 3-13. Nauka, Leningrad, USSR.

Doran, D.J. (1978) The life cycle of Eimeria dispersa Tyzzer 1929 from the turkey in

gallinaceous birds. J. Parasitol. 64, 882-885.

Duszynski, D.W. and Gardner, S.L. (1991) Fixing coccidian oocysts is not an

adequate solution to the problem of preserving protozoan type material. J.

Parasitol. 77, 52-57.

Duszynski, D.W. and Upton, S.J. (2000) Coccidia (Apicomplexa: Eimeriidae) of the

mammalian Order Insectivora. Special publication of the Museum of Southwestern

Biology 4, 1-67.

Duszynski, D.W., Wilson, W.D., Upton, S.J., and Levine, N.D. (1999) Coccidia

(Apicomplexa: Eimeriidae) in the Primates and the Scandentia. Int. J. Primatol. 20,

761-797.

Feare, C. (1984) The Starling. Oxford University Press, Oxford, UK.



84

Fernando, M.A. (1982) Pathology and Pathogenicity. In The biology of the Coccidia

(P.L. Long, ed.), pp. 287-327. Edward Arnold, London, UK.

Gershwin, M.E., Beach, R.S. and Hurley, L. S. (1985) Nutrition and immunity.

Academic Press, Orlando, USA.

Glutz von Blotzheim, U.N. and Bauer, K.M. (1985) Handbuch der Vögel

Mitteleuropas. Bd. 10 Wiesbaden.

Glutz von Blotzheim, U.N. and Bauer, K.M. (1997) Handbuch der Vögel

Mitteleuropas. Bd. 14 Wiesbaden.

Greiner, E.C., Bennett, G.F., White, E.M. and Coombs, R.F. (1975) Distribution of

the avian haemotozoa of North America. Can. J. Zool. 53, 1762-1787.

Grulet, O., Landau, I., Millet, P. and Baccam, D. (1986) Les Isospora du moineau

II - Etudes sur la biologie. Ann. Parasitol. Hum. Comp. 61, 161-192.

Gryczyńska A., Dolnik, O., Pawełczyk, A., Mazgajski T. D. and Siemiątkovski,

M. (2000) Parasites and pathogenes in population of Chaffinch (Fringilla coelebs)

from Masurian Lakeland, NE Poland. Acta Ornithologica, 35, 79-83.

Gwinner, E. (1978) Effects of pinealectomy on cyrcadian locomotor activity rhythms

in European starling, Sturnus vulgaris. J. Comp. Physiol. 126, 123-129.

Gylstorff, I. and Grimm, F. (1998) Vogelkrankheiten. Ulmer, Stuttgart, Germany.

Hammond, D.M. (1973) Life cycles and development of coccidia. In The Coccidia,

Eimeria, Isospora, Toxoplasma and related genera (D.M. Hammond and P.L. Long

eds.), pp.45-79. University Park Press, Baltimore, USA.

Hayworth, A.M., van Riper III, C., and Weathers, W.W. (1987) Effects of

Plasmodium relictum on the metabolic rate and body temperature in Canaries

(Serinus canarius). J. Parasitol. 73, 850-853.

Hein, H. (1968) The pathogenic effects of Eimeria acervulina in young chicks. Exp.

Parasitol. 22, 1-11.

Hein, H. (1969) Eimeria adenoides and E. meleagrimitis: Pathogenic effect in turkey

poults. Exp.Parasitol. 24, 163-170.

Hein, H. (1971) Pathogenic effects of Eimeria necatrix in young chickens. Exp.

Parasitol. 30, 321-330.



85

Hein, H. (1974) Eimeria brunetti: pathogenic effects in young chickens. Exp.

Parasitol. 36, 333-341.

Hudson, P.J. (ed.) (1997) Wildlife diseases: the epidemiology of infectious diseases

in wild animals and how they relate to mankind. Ecological issue 8. British

Ecological society, Liverpool, UK.

Kruszewicz, A. G. (1995) Occurrence of Isospora lacazei (Coccidia: Eimeridae) and

its influence on nestlings growth in House Sparrows (Passer domesticus) and Tree

Sparrow (Passer montanus). In: Nestling mortality of granivorous birds due to

microorganisms and toxic substances: synthesis. (Pinowski J., Kavanagh B.P. and

Pinovska B. eds.), pp. 291-305. PWN, Warszawa, Poland.

Kruszewicz, A. and Dyrcz, A. (2000) Intestinal parasites in five species of the genus

Acrocephalus. Acta Ornithologica 35, 153-158.

Krylov, M.V. and Dobrovolsky, A.A. (1980) Macrosystem and phylogeny of

Sporozoa. Proceedings of Zoological Institute AS, 94, 62-74.

Labbé, A. (1893) Sur les Coccidies des oiseaux. C. R. Acad. Sci. Paris 116, 1300-1303.

Leathem, W.D and Burns, W.C. (1968) Duration of acquired immunity of the

chicken to Eimeria tenella infection. J. Parasitol. 54, 227-232.

Levine, N.D. (1982) Isospora passeris n. sp. from the house sparrow Passer

domesticus, I. lacazei, and related apicomplexan Protozoa. Trans. Am. Microsc.

Soc. 101, 66-74.

Long, P.L. (1973) Pathology and pathogenicity of coccidial infections. In: D.M.

Hammond and P.L. Long (eds.), The Coccidia: Eimeria, Isospora, Toxoplasma, and

related Genera, pp. 253-294. University Park Press, Baltimore, USA. 

Long, P.L. (ed.) (1982) The biology of the Coccidia. Edward Arnold, London, UK.

Mazgajski, T.D. and Kędra, A.H. (1998) Endoparasite Isospora sp. (Coccidia,

Eimeriidae) affects the growth of starling Sturnus vulgaris nestling. Acta

Parasitologica 43, 214-216.

Menaker, M. and Oksche A. (1974) The avian pineal organ. Avian biology 4, 79-118.

Milde, K. (1979) Light and electron microscopic studies on isosporan parasites

(Sporozoa) in Sparrows (Passer domesticus). Protistologica 15, 607-627.



86

Møller, A.P. and Erritzøe, J. (1998) Host immune defence and migration in birds.

Evolutionary Ecology 12, 945-953.

Newton, J. (1968) The moult of the Bullfinch (Pyrrhula pyrrhula L.). Ibis 108, 41-67.

Noskov, G.A. (1990) Starling – Sturnus vulgaris in: Moult of passerine birds of

North-West USSR. (T.A. Rymkevich, ed.), pp. 264-268. Leningrad State

University, Leningrad, USSR (in Russian).

Payevsky, V.A. (1971) Atlas of bird migrations according to ringing data at the

Kurische Nehrung. In Ecological and physiological aspects of bird migration (R.L.

Potapov, ed.), pp. 3-110. Proceedings of Zoological Institute 50. Nauka, Leningrad,

USSR. (in Russian).

Pellerdy, P.L. (1974) Coccidia and coccidiosis. Akademiai Kiado, Budapest, Hungary.

Piersma, T. (1997) Do global patterns of habitat use and migration strategies co-

evolve with relative investments in immunocompetence due to spatial variation in

parasite pressure? Oikos 80, 623-631.

Piersma, T. (1998) Phenotypic flexibility during migration: optimization of organ size

contingent on the risks and rewards of fueling and flight? J. Avian Biol. 29, 511-520.

Price, P. W. (1980) Evolutionary Biology of Parasites. Princenton University Press,

Princenton, NJ, USA.

Roitt, I.M., Brostoff, J. and Male, D.K. (1996) Immunology. Mosby, London, UK.

Rose, M.E., Long, P.L., and Bradley, J.W.A. (1975) Immune responses to infections

with coccidia in chickens: Gut hypersensitivity. Parasitology 71, 357-368.

Scharma, V.D., Fernando M.A., and Summers, J.D. (1975) The effect of dietary

crude protein level on intestinal and caecal coccidiosis in chickens.

Can.J.Comp.Med. 37, 195-199.

Scholtyseck, E. (1956) Untersuchungen über die Coccidieninfektion bei Vögeln. Zbl.

Bakteriolog. Parasitenkde.Infectionskrankh. Hygiene, Abt. 1 Orig. 165, 275-289.

Scholtyseck, E. and Przygodda, W. (1956) Die coccidiose der Vögel. Die Vogelwelt

77, 161-174.

Scholtyseck, E. and Przygodda, W. (1959) Untersuchungen über die Coccidien-

infektion bei Nestlingen. Z. f. Parasitenk. 19, 353-357.



87

Schuz, E. (1932) Fruhesommerzug bei Star und Kiebitz. Vogelzug 3, 49-57.

Schwalbach, G. (1959) Die Coccidiose der Singvoegel. I. Der

Ausscheidungsrhythmus der Isospora-Oocysten beim Haussperling (Passer

domesticus). Zentralblatt fuer Bakteriologie, Parasitenkunde,

Infectionskrankenheiten und Hygiene. I. Orig. 178, 263-276.

Schwalbach, G. (1959) Untersuchungen und Beobachtungen an Coccidien der

Gattungen Eimeria, Isospora und Caryospora bei Vögeln mit einer Beschreibung

von sechzehn neuen Arten. Arch.Protistenkd. 104, 431-491. 

Svobodová, M. (1994) Isospora, Caryospora and Eimeria (Apicomplexa: Eimeriidae)

in Passeriform Birds from Czech Republic. Acta Protozoologica 33, 101-108.

Svobodová, M. and Cibulková, M. (1995) Isospora sp. (Apicomplexa: Eimeriidae)

in Icterine Warbler (Hippolais icterina, Passeriformes: Sylviidae): the possibility of

parents to nestlings transmission . Acta Protozoologica, 34, 233-235.

Takahaschi, J.S. (1982) Cyrcadian rhythms of the isolated chicken pineal in vitro In:

Vertebrate circadian systems. Structure and physiology. (J. Aschoff), pp. 158-163.

Springer, Berlin, Germany.

Valkiūnas, G. (1993) Pathogenic influence of haemosporidians and trypanosomes on

wild birds in the field conditions: facts and hypotheses. Ekologija 1, 47-60.

Valkiūnas, G. (1997) Bird Haemosporidia. Acta Zoologica Lituanica 3-5: a

monograph. Institute of Ecology, Vilnius, Lithuania. (in Russian).

Wakelin, D. (1996) Immunity to parasites. Cambridge University Press, Cambridge,

UK.

Yorinks, N. and Atkinson, C.T. (2000) Effects of malaria on activity budgets of

experimentally infected juvenile Apapane (Himatione sanguinea). Auk 117, 731-738.

Yvoré, P. and Mainguy, P. (1972) Influence de la coccidiose duodénale sur la tenseur

en carotenoides du serum chez le poulet. Ann. Rech. Vet. 3, 381-387.

Zink, G. (1973-1975) Der Zug europäischer Singvögel: Ein Atlas der Wiederfunde

beringter Vögel Bd.1. AULA-Verlag, Wiesbaden, Germany.

Zink, G. and Bairlein, F. (1995) Der Zug europäischer Singvögel: Ein Atlas der

Wiederfunde beringter Vögel Bd.3. AULA-Verlag, Wiesbaden, Germany.



88

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
rhythm. 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 Häufigkeit und Vielfalt spielen Parasiten für Wildvögel mindestens
eine genauso große Rolle wie Predatoren. Gegenstand dieser Untersuchung ist die Gattung
Isospora. Obwohl sie die verbreitetste Kokzidien Gattung unter den Darmparasiten der
Singvögel ist, wurde sie bisher kaum untersucht.

Diese Parasiten benötigen keine Überträger für 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
Auszählen der Oozysten in Kotproben abzuschätzen. Diese Methode ermöglicht
wiederholbare und vergleichbare Ergebnisse.

Vorkommen und Menge der Oozysten in Kotproben zeigen einen 24-Stunden-Rhythmus. Für
6 Vogelarten, die wir unter Laborbedingungen und im Freiland untersucht haben, wurden
maximale Werte für Oozysten am Spätnachmittag festgestellt. Dieser Tagesrhythmus muss
bei der Kotprobennahme von Vögeln berücksichtigt werden.

Isospora werden als eng wirtsspezifisch angesehen. Diese Hypothese konnten wir
experimentell unterstützen. Eine Übertragung von Isospora sylvianthina von
Mönchsgrasmücken auf Teichrohrsänger führte 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. Vögel, die ihre Nahrung vom
Boden aufnehmen, sind häufiger und stärker befallen als Vögel, die ihre Nahrung im Flug
erbeuten. Die Art der Nahrungsaufnahme beeinflusst also die Wahrscheinlichkeit, infiziert zu
werden.

Im Freiland waren Jungvögel häufiger stark befallen als Altvögel. Unter kontrollierten
Laborbedingungen nahm die Befallsstärke chronisch infizierter Mönchsgrasmücken im ersten
Lebensjahr kontinuierlich ab. Wiederholte experimentelle Infektion chronisch infizierter
Mönchsgrasmücken führte zu einem mehrtägigen erhöhten Oozystenausstoß. Jungvögel
brauchten in der Regel länger, um zu den anfänglichen chronischen Befallswerten
zurückzukehren als einjährige und ältere Vögel. Wiederholte experimentelle Infektion
schwächte die Vögel deutlich und führte bei einigen Individuen zu deutlichem
Körpermasseverlust. Allein die Abnahme der Körpermasse zeigte sich erst einige Tage nach
dem maximalen Oozystenausstoß. Vermutlich wurde deshalb von vielen Forschern kein
Zusammenhang zwischen Körpermasse und Infektionsgrad an Freilandvögeln festgestellt.

Während des Herbstzuges ist der Kokzidienbefall von Singvögeln besonderes ausgeprägt. Ein
Vergleich von Befallsgrad und -häufigkeit mehrerer Vogelarten auf der Kurischen Nehrung
und auf Helgoland zeigte keinen Unterschied in der Häufigkeit des Befalls. Die Befallsstärke
war jedoch niedriger bei Vögeln von der Hochseeinsel Helgoland als bei Vögeln vom
Festland und dieser Unterschied war bei Langstreckenziehern deutlicher ausgeprägt.

Unter natürlichen Bedingungen scheinen die meisten Vögel einen Isospora-Befall ertragen zu
können. Bei Jungvögeln jedoch können diese Parasiten bei hohem Infektionsgrad,
wiederholtem Befall oder ungünstigen Umweltbedingungen einen gravierenden Effekt auf
Kondition und Überleben haben.



90

Резюме

Паразиты, в силу своего обилия и разнообразия, оказывают не менее важное влияние на
популяции диких птиц, чем хищники. Объектом данного исследования являются
представители рода Isospora, самого распространенного и многочисленного рода
кишечных кокцидий диких воробьиных птиц, который, тем не менее, слабо изучен. 

Заражение изоспорами осуществляется без участия промежуточного хозяина. Ооцисты
выделяются в окружающую среду с пометом и заражение птиц происходит пассивно
при заглатывании спорулированных ооцист. Нами разработан и опробирован метод
подсчета ооцист в пробах помета, позволяющий получать сравнимые данные по оценке
интенсивности заражения изоспорами. У шести исследованных нами видов птиц как в
природе, так и в эксперементе, максимум выделения ооцист приходился на вторую
половину дня. Неравномерность выделения ооцист в течение суток следует учитывать
при сборе проб. 

Виды рода Isospora считаются узко видоспецифичными паразитами, что было
подтвержденно нашим экспериментом по трансмиссии вида Isospora sylvianthina от
славки-черноголовки тростниковой камышевке, который не привел к заражению
последней. У 40 видов воробьиных птиц, из 55 исследованных на Куршской косе
Балтийского моря, был обнаружен 41 вид изоспор, из которых 2 описаны впервые.
Экстенсивность и средняя интенсивность заражения варьировала у разных видов птиц.
Птицы, собирающие корм на земле, чаще и интенсивнее заражены, чем виды,
кормящиеся в воздухе. Таким образом, установлено, что тип питания птицы оказывает
влияние на риск заражения. 

В природе молодые птицы оказываются более интенсивно зараженными, чем взрослые.
В лабораторных условиях интенсивность хронического заражения славок-черноголовок
постоянно снижалась в течение первого года жизни. Повторное заражение хронически
зараженных птиц вызывало повышенное выделение ооцист в течение нескольких дней.
Возврат к хроническому уровню выделения ооцист у молодых птиц наступал
значительно позже, чем у взрослых. Повторное заражение ослабляло птиц и приводило
к значительным потерям массы тела у некоторых особей. Потеря массы тела
наблюдалась спустя несколько дней после массового выделения ооцист. Этот факт,
возможно, является причиной того, что многим исследователям не удавалось
обнаружить зависимости между массой тела и интенсивностью заражения птиц в
природе.

Экстенсивность заражения изоспорами диких воробьиных птиц в течение осенней
миграции регистрировалась очень высокой. Сравнение экстенсивности заражения
изоспорами у нескольких видов птиц на Куршской косе и на острове Гельголанд
(Северное море) не выявило различий, тогда как интенсивность заражения на острове
была ниже, чем на косе, и эти различия были ярче выражены у дальних мигрантов. 

Высокая доза изоспоридиозной инфекции, реинфекции и неблагоприятные условия
окружающей среды оказывают сильное воздействие на состояние и выживаемость
молодых птиц, тогда как большинство взрослых птиц, по-видимому, способно
справится с инфекцией Isospora.
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