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7. GENERAL DISCUSSION

7.1. INTRODUCTION

The house sparrow is a small passerine bird belonging to the genus Passer (Sibley and 

Monroe, 1990). It used to be a ubiquitous bird in habitats associated with human beings, 

in urban, suburban and agricultural settings. The species was once so common and 

widespread that it was considered a pest in the 19th and 20th centuries, and eradication 

programmes were introduced (Summers-Smith, 1963). Rural populations of this species 

started to decline in the UK in the 1970s, and a decade later the species started to decline 

in urban and suburban areas, too (Robinson et al, 2005).

The decline of the urban house sparrow is not evenly distributed throughout the British 

Isles: the decline has been marked in London, Edinburgh, Dublin, Bristol, Norwich, and 

Glasgow (Sanderson, 1996; Dott and Brown, 2002; Prowse, 2002; Bland, 1998; Paston, 

2000; Summers-Smith, 1999), but other cities, such as Manchester and some urban 

populations in Wales and South West England have not reported a negative population 

trend (Robinson et al., 2005). The London house sparrow population declined by 68% 

during the period 1994-2009 (Risely et aL, 2010), although the peak decline in urban 

environments elsewhere in Great Britain occurred in the period 1983-1994 (Robinson et 

aL, 2005).

Hypotheses for the decline in farmland populations include changes in agricultural 

practice and reduced food availability (Chamberlain et aL, 1999; Robinson and 

Sutherland, 2002; Hole et al., 2002). Several hypotheses have been suggested for the 

decline of the urban house sparrow, including lack of nest sites (Noble and Eaton, 2002), 

increased predation pressure from cats (Felis catus) (Beckerman et al., 2007; Baker et 

al., 2005), and sparrowhawks (Accipiter nisus) (Bell et al., 2010; MacLeod et al., 2006), 

along with increased competition by sympatric species, such as pigeons (Columba livia 

and Columba palumbus) (Bland, 1998), the advent of lead-free petrol in the 1990s that 

led to the release of harmful substances (Summers-Smith, 2007), mobile phone masts 

(Balmori, 2009; Balmori and Hallberg, 2007), and food scarcity by reducing survival of
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nestlings (Peach et al., 2008). None of these hypotheses have been able to undisputably 

explain the decline of the house sparrow.

A remaining hypothesis for the decline of the house sparrow in Great Britain, and one 

which has not yet been tested, is that this is due to infectious disease. It is this hypothesis 

that I test in this thesis.

Disease can be defined as any departure from health that produces specific signs or 

symptoms (Pearsall, 1998), on a physiological, physical, reproductive or behavioural 

level (Friend et al., 2001), and pathogens are organisms (bacteria, virus, fungi and 

parasites) that are capable of causing disease (Pearsall, 1998). Parasites are organisms 

that live in or on a host, from which they derive nutrients (Clayton and Moore, 1997), 

and they can be pathogens if they have the potential to cause disease (Clayton and 

Moore, 1997).

The cost of parasitism is not always obvious. Apparently neutral effects of parasites may 

be due to (Wobeser, 2008): a) an effectively trivial cost to the host resulting in a not- 

detectible effect, b) the cost is present but tolerable, specifically in those individuals that 

have enough energy to afford losing resources to the parasites without incuning 

significant negative effects on other functions (but this equilibrium might be altered with 

changing environmental circumstances); c) the cost of parasitism is masked by other 

factors, such as predation; d) the cost of parasitism is substantial but the individuals are 

examined/sampled at the wrong time of the year, or at the wrong life stage, or the cost of 

parasitism could be paid later in life.

The effect of parasites on population dynamics is, therefore, very difficult to investigate. 

However, some studies have shown a link between parasites and the population 

dynamics of their hosts. For example, Hudson et al. (1992b) found that the nematode 

Thricostrongylus tenuis had a regulatory effect on a red grouse population via decreased 

breeding success and winter survival. Van Riper et al. (1986) highlighted the role of 

Plasmodium spp. as a regulatory agent of populations of Hawaiian native birds. Bunbury
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and colleagues found that Trichomonas gallinae and Leucocytozoon marchouxi were 

associated with decreased survival of the endangered Mauritian pink pigeon (Columba 

majeri) (Bunbury et al., 2008; Bunbury et al.9 2007). On the North American continent, 

Hochachka and Dhondt (2000) showed a causal relationship between Mycoplasma 

gallisepticum infection, causing Mycoplasmal conjunctivitis, and the decline of the 

house finch (Carpodacus mexicanus) in eastern USA, and LaDeau et al. (2007) 

identified West Nile Virus as a cause of decline of some North American bird species. In 

the UK, the decline of the greenfinch (Carduelis chloris) has recently been shown to be 

a consequence of infection with the protozoan Trichomonas gallinae (Robinson and 

Lawson et al, 2010).

Wild birds are natural reservoirs of bacteria, protozoa, helminth parasites and viruses. 

Garden birds are at particular risk of contracting diseases from one another through the 

common use of feeding stations where faeces and food are mixed, and the sharing of 

small enclosed water sources such as bird baths and ponds (Brittingham et al., 1988). 

The bacteria most commonly cited as killing house sparrows are Salmonella enterica 

serotype Typhimurium, and Escherichia coli subtype 086 (Pennycott et al., 1998). 

Haemoprotozoa are protozoan (single-celled) eukaryotic organisms that parasitise their 

host’s blood cells for at least one stage of their life-cycle. They are transmitted by 

vectors such as biting flies. The haemoprotozoan species belonging to the genera 

Haemoproteus, Plasmodium and Leucocytozoon are considered the most likely to be 

pathogenic to passerine birds (Atkinson and Van Riper, 1991). In contrast, helminth 

haemoparasites, such as microfilariae, generally are considered non-pathogenic in 

passerines (Campbell and Ellis, 2007). Coccidian parasites is the general term to identify 

protozoan parasites belonging to several genera, including Isospora, Eimeria, and 

Atoxoplasma, and passerines tend to be primarily infected by Isospora md Atoxoplasma, 

rather than by Eimeria (Greiner, 2008).
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7.2 AIMS

The aim of the work described in this thesis was to investigate whether or not disease, 

particularly infectious disease, might play a role in the observed declines in sparrow 

populations in London. The approach used was to make use of an ongoing RSPB study 

of sparrow populations at various sites in London, some undergoing population declines 

and some not, and some with supplementary feeding and some not. In particular, the 

aims were:

1. To investigate the prevalence, and where possible the intensity, of targeted 

infectious agents and parasites at the various sites.

2. To investigate markers - in particular haematological markers — of infectious 

diseases.

3. To investigate variation of infectious agents and parasites across years and 

seasons, and between age, sex, condition, breeding status, and moult status of 

infected birds.

4. To compare differences in prevalence and intensity of targeted infectious agents 

and parasites between: sites that were declining or non-declining, and sites that 

were provided with supplementary mealworms or not supplemented.

5. To investigate survival of house sparrows in relation to their prevalence and 

intensity of infectious agents and parasites.

7.3. MAIN FINDINGS

The main findings of this study were:

• The prevalence of Salmonella enterica and Escherichia coli from bird feeders 

and bird tables was zero per cent, and only one house sparrow tested positive for 

Salmonella enterica Typhimurium, but none tested positive for E. coli.

• The main parasites found belonged to the genus Plasmodium, Atoxoplasma, and 

Isospora. Prevalence of these parasites were, respectively, 21.8%, 30%, and 

10.7%.

• Prevalence of Atoxoplasma spp and Isospora spp,, and intensity of Plasmodium 

spp. and Atoxoplasma spp. varied across sites.
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• Leucocyte-related values of clinically-healthy house sparrows were generally 

higher than the normal ranges suggested in reference books for similar-size avian 

species,

• Birds infected by Plasmodium spp., Atoxoplasma spp., and Isospora spp. showed 

associated changes in leucocyte- and erythrocyte-related values, indicating that 

these parasites cause disease.

• Prevalence and intensity of the three parasite genera found {Plasmodium, 

Atoxoplasma and Isospora) did not vary across the three years of the study, but 

they showed seasonal variation.

• Adults had higher Plasmodium spp. prevalence but lower intensity of infection.

• Females had, in general, higher prevalence of parasites than males.

• Infection with Plasmodium spp. was negatively correlated with body condition, 

especially in juveniles.

• Breeding birds generally had higher prevalence of parasites than non-breeding 

birds, and higher intensity of Plasmodium spp.

• Birds that were moulting generally had higher prevalence and intensity of 

parasites.

• Birds from declining sites had higher intensity of Plasmodium spp. infection, and 

higher prevalence of Atoxoplasma spp. than non-declining sites.

• Birds in fed sites had higher prevalence of Atoxoplasma spp. and Isospora spp. 

than unfed sites.

• Plasmodium spp. prevalence was correlated with higher survival in autumn, early 

winter and late winter. Intensity of the parasite was not correlated with survival 

in autumn or early winter, but it was negatively correlated with survival in late 

winter.

• Age, sex, and condition were not correlated with survival, when considered alone 

or interacting with parasites.
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7.4. IS DISEASE AN IMPORTANT FACTOR IN THE DECLINE OF THE 

HOUSE SPARROW IN GREATER LONDON?

In this study it was shown that house sparrows in London are primarily parasitised 

by three genera of protozoa: the haemoprotozoan Plasmodium, and the coccidian 

A toxoplasma and Isospora. Previous studies have reported detrimental effects of 

these parasites on their host (e.g. Knowles et al, 2010; Horak et al., 2004; )} 

including mortality (e.g. Rossi et al., 2007; Kozlowski et al, 1991; Partington et al., 

1989; Var Riper et al., 1986). Of these parasites, those belonging to the genus 

Plasmodium are the most pathogenic (Atkinson and Van Riper, 1991), and birds 

infected with these parasites suffer high mortality rate (Atkinson et al., 2000; 

Atkinson 1995).

Parasites of the genera Plasmodium, Atoxoplasma, and Isospora caused disease in 

house sparrows from the sites considered, as indicated by changes in haematological 

values above the norm associated with infected individuals.

Parasite prevalence and intensity changed with season and the physiology of the host 

(Wobeser, 2008). In this study, all three parasites showed a variation between 

seasons, but not years. There was also a difference in parasite infection between 

males and females, the latter having higher prevalence than males, although 

difference in intensity between sexes depended on the parasite genus considered. 

Several experimental studies have found a link between breeding, and prevalence or 

intensity of haematozoans (Knowles et at, 2010b; Nordling et al., 1998; Siikamaki 

et al, 1997; Oppliger et al, 1996; Richner et al, 1995; Norris et al, 1994). Some of 

these studies found that increased breeding effort can increase parasite prevalence 

and/ or intensity (meta-analysis in Knowles et al, 2009), presumably through a 

trade-off between energy allocated to breeding effort and energy allocated to the 

immune system (Gustaffson et al, 1994).

242



Chapter 7 - General discussion

Other studies have found that parasitism is associated with a cost that is reflected 

through decreased breeding success (Knowles et al., 2010a; Marzal et al., 2005; 

Merino et al, 2000). In this study an association was found between breeding and 

higher parasite prevalence of Plasmodium spp.. Breeding is energy-consuming 

(Gustaffson et al, 1994). Results found in this study suggests, but cannot prove, that 
there is a trade-off between energy-demanding activities, such as breeding and 

moulting, and parasite prevalence (and intensity), especially since increased levels of 

Plasmodium spp., a highly pathogenic parasite (Atkinson and Can Riper, 1991), 

were associated with breeding.

Moulting is another energy-demanding activity (Muiphy and King, 1992) that house 

sparrows have to undergo at least once a year. In this study moulting birds had 

higher prevalence and intensity of Plasmodium spp., further supporting a theory of 

energetic trade-off between controlling parasite infections and some life-history 

traits.

The cost of parasitism can also be directly visible through reduced body condition of 

the host (e.g. Merino et al, 2000). In this study, Plasmodium spp. intensity was 

negatively correlated with body condition. This may mean either that infected birds 

suffered lower condition as a result of high intensity of parasitism, or that sub- 

optimal individuals (in lower body condition) were less able to control the infection, 

especially if they were juveniles.

Nutrients in the diet can affect the immune system (Klasing, 1998), and hence 

resistance to infectious diseases (Wakelin and Apanius, 1997). Young birds should 

therefore benefit from supplementary feeding. In particular, nestlings provided with 

mealworms should be able to control infections, and hence parasite intensity, better 

than nestlings in unfed sites, because mealworms are rich in proteins which are 

essential for the immune system (Chandra, 1997). Unfortunately, in this study it was 

not possible to measure nestling survival or infection status due to logistic 

constraints. Supplementary feeding did not seem to have an effect on Plasmodium
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spp. prevalence or infection in juveniles or adults, but it was associated with 

increased prevalence of gastro-intestinal parasites, probably due to aggregation at 

mealworm feeders.

To summarise the main points until now, it has been shown that parasites found in 

house sparrows in this study were pathogenic and should be considered disease, and 

that they varied with season and were associated with decreased body condition. 

Furthermore, feeding protein-rich food did not seem to help controlling infections in 

young birds or adults.

All of these interactions occurred at the individual level, but the impact that parasites 

might have at the host population level needed to be investigated. Intensity of 

Plasmodium, the most pathogenic of the three genera found in this study (Atkinson 

and Van Riper, 1991), was higher in declining than in non-declining sites, although 

prevalence did not vary with population trend. This may indicate that the probability 

of being infected (prevalence) was the same in declining and non-declining sites, 

because the probability of becoming infected with the parasite depends mainly on 

presence or absence of the mosquito vector (Van Riper et ah, 1986), while intensity 

depends on the ability of the host to control the infection (Wakelin and Apanius, 

1997). Relapse of infections may be due to seasonal hormonal changes (Valkiunas, 

et ah, 2004; Applegate, 1970; Applegate and Beaudoin, 1970), or stress factors 

(Navarro et ah, 2004; Valkiunas et ah, 2004). In declining sites, there may be some 

unidentified factors associated with the individual birds which make them less able 

to control the infection.

House sparrows in declining sites had higher intensity of the highly pathogenic 

Plasmodium spp., but a link between parasites and reduced survival was needed. 

Investigation of overwinter survival in this study showed a negative correlation with 

Plasmodium intensity in late winter. The strength of the relationship between 

survival and parasite prevalence and intensity changed as winter progressed. In 

autumn, prevalence but not intensity, of the parasite was higher in birds that were re-
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sighted. The same result was found at the beginning of winter, probably because 

birds re-sighted had very low and/or chronic infections, especially in autumn when 

the sample of re-sighted individuals was adult-biased, and adults have higher 

prevalence of parasitism than juveniles (shown in chapter 4). However, adults may 

be more able to control the infection once it has been acquired, because they have 

already been selected for survival and developed acquired immunity. Ability to 

control infections can be altered by environmental changes (Acevedo-Whitehouse 

and Duffus, 2009; Wobeser, 2008). This is supported by the finding that in late 

winter, when weather condition are worse, intensity of Plasmodium spp. infection 

was negatively correlated with probability of survival. The result was consistent 

even when only birds that were re-sighted in autumn were considered for analyses in 

late winter. This was done in order to control for the bias towards decreased re

sighting probability created by dispersal or movements.

Is disease an important factor in the decline of the house sparrow in Greater London? 

This study showed that parasites found were causing disease, and that they were 

associated with population decline and reduced survival. However, a causal link 

cannot be established, especially since some infections may be subclinical at the 

moment of sampling, but they may become apparent and influence productivity or 

survival of the host later on (Wobeser, 2008). Productivity data would also be 

needed to further investigate the relationship between parasites and breeding success 

in house sparrows in London. This could be the aim of further studies, which should 

also investigate the effect of Plasmodium spp. on non-declining species sympatric to 

the house sparrow, to understand if any aspects of the biology and ecology of this 

passerine may affect its ability, if so, to fight infections.

Species of garden birds such as blue tits, great tits, finches and dunnocks could be 

sampled for the same parasites identified in this study. The hypotheses would be that 

a) the gregarious nature of house sparrows makes them more prone to pathogens, 

either through contact with other diseased individuals or social stress; b) house 

sparrows have longer breeding seasons because they are multi-brooded, and this may
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add to their energy demand, and increase their ‘stress’ of breeding, and they would 

be less able to fight and control infections. In order to test for the first hypothesis, 

other gregarious garden species, such as finches and starlings could be sampled, as 

they also feed on the ground as well as on bird feeders, together with non~gregarious 

species such as tits, and ground-feeding non-gregarious species such as dunnocks. If 

gregarious species had higher prevalence and especially intensity of pathogens than 

non-gregarious species, the next step would be to identify whether other aspects 

(distance between nest-holes and number of feeding station) may be linked to the 

problem, and mitigation measurements could be used, such as providing more 

feeding stations to avoid competition at feeding stations, or providing more nest 

holes. The second hypothesis could be tested in the field by monitoring adults on the 

nest. This would be almost impossible in the current set up, due to the inaccessibility 

of nest sites, and the risk of desertion of adults which may occur throughout the 

breeding season, but especially at egg-laying stage (Summers-Smith, pers. comm.). 

An alternative test for the second hypothesis is to control the breeding cycle of birds 

experimentally, to initiate, halt and prolongue the breeding cycle at different stages 

to test whether that may alter the prevalence and intensity of haemoparasites. This 

would require taking birds in captivity, which may introduce further biases such as 

altering of their normal behaviour or increase stress levels due to the captive state.

Pathogenic agents rarely act in isolation to impact the fitness and survival of their 

host (Acevedo-Whitehouse and Duffus, 2009). More often, diseases act 

synergistically with other factors, such as predation, food scarcity, competition with 

other species, and other stress factors to cause a detrimental effect in their host. 

Several causes for the decline of the house sparrow have been investigated and tested 

in the past decade, but none have proved to be the definitive answer to explain the 

decline, or reverse it. The decline of the house sparrow in London is probably due to 

the synergistic effect of several factors, of which disease is likely to be an important 

one.
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