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ABSTRACT 

Island and mainland populations of  animals can experience substantial 
differences in their interactions with other species. One possible outcome of  
island colonisation is a reduction in parasite pressure on the island in 
comparison to the mainland, leading to ecological release for the host. We 
carried out a molecular survey for avian malaria (Plasmodium and Haemoproteus 
spp.) infections in Capricorn Silvereyes (Zosterops lateralis chlorocephalus) from a 
small island population previously thought to be free from the disease 
(Heron Island, Australia). We also screened mainland Silvereyes (Z. lateralis 
cornwalli) that arrived on the island as vagrants. Nested-PCR revealed an 
avian haemosporidian blood parasite prevalence of  6.2% in resident island 
Silvereyes and 100% for mainland vagrants (n=3). We report the first 
evidence of  avian malaria infection in Silvereyes from Heron Island, 
indicating that island residents have not entirely escaped their avian malaria 
parasites. Additionally, we suggest that mainland vagrants play important 
roles in maintaining the stability of  Heron Island’s avian parasite community. 
 

INTRODUCTION 

Island communities are often depauperate compared to mainland 
communities, a feature that has led to the development of  numerous 
theories about the importance of  reduced competition and predation 
(MacArthur 1967; Diamond 1975; Adler & Levins 1994). Less attention has 
been paid to reduced parasite pressures in island communities. The loss of  
parasites during the colonisation of  islands has been proposed to be 
important for the success of  population establishment (Clay 2003). This 
reduction in parasite pressure on island populations can lead to ecological 
release for the host (Marzal et al. 2011; Lima et al. 2010), with increased 
opportunities to invest in reproductive effort and growth (Sheldon & 
Verhulst 1996; Williams 2005). Here we test for avian haemosporidian 
infection in a population of  an island passerine where infection has not 
previously been detected (Peirce & Adlard 2004). 

 The Capricorn Silvereye (Zosterops lateralis chlorocephalus) is the only 
regularly breeding passerine on Heron Island (23º26'S, 151º57'E), a small, 
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wooded cay lying approximately 70 km off  the Australian mainland 
(Kikkawa 1970). The population size ranges between 200 to 400 adult 
individuals (McCallum et al. 2000). The Capricorn Silvereye is a distinct 
subspecies, being significantly larger (up to 40% in some morphological 
traits; Figure 1) and exhibiting rapid genetic divergence compared to the 
mainland form Z. l. cornwalli (Clegg et al. 2002; Higgins et al. 2006; Clegg et al. 
2008). While individuals from the mainland arrive sporadically as vagrants, 
usually in the winter months, they do not persist on the island or breed with 
island birds (Kikkawa 1970). 

On the Australian mainland, Silvereyes exhibit a high prevalence of  
haemosporidian blood parasites (Haemoproteus and Plasmodium spp; NJC 
unpublished data), which are transmitted by arthropod vectors such as biting 
midges (Ceratopogonidae) and hippoboscid flies (Hippoboscidae) for 
Haemoproteus spp. and mosquitoes (Culicidae) for Plasmodium spp. (Valkiūnas 
2005). These parasites can impact the health and reproductive success of  
their hosts, and may even cause mortality (Atkinson et al. 2000).  

Figure 1.  Capricorn Silvereye (Z. lateralis chlorocephalus; left) and va-
grant mainland Silvereye (Z. lateralis cornwalli; right) captured on 
Heron Island in June 2012.  Photo: Sonya Clegg. 
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A previous study (Peirce & Adlard 2004) screened for blood parasites 
(including avian haemosporidians) in a range of  Heron Island birds, 
including Silvereyes. Examinations of  Giemsa-stained blood smears revealed 
no evidence of  infection by either Plasmodium or Haemoproteus spp. Earlier 
entomological surveys had noted low densities of  biting arthropods, 
attributed to an absence of  permanent fresh water (for breeding) on the 
island (Marks 1969; Fletcher 1973). The apparent absence of  
haemosporidian parasites in the island avian community was therefore partly 
attributed to restricted vector densities. However, sample sizes for each avian 
species examined were too small (for Z. l. chlorocephalus, n=15) to be highly 
confident that infections were absent (Peirce & Adlard 2004). Moreover, 
sensitive molecular tools are now available that may increase detection of  
avian haemosporidians, particularly for low-intensity infections that may be 
overlooked using microscopic analysis (Waldenström et al. 2004). In this 
study, we used molecular techniques to screen vagrant and resident 
Silvereyes on Heron Island for the presence of  infection by Haemoproteus and 
Plasmodium spp. 

METHODS 

Resident and vagrant Silvereyes were captured on Heron Island using baited, 
hand-operated traps over a 10 day period in June 2012. A small blood 
sample (~ 20 to 40 µL) was taken by pricking the brachial vein, collecting the 
blood droplet in a capillary tube and transferring the blood to a labeled 
microfuge tube containing lysis buffer (1% SDS, 20 mM NaCl, 10 mM TRIS 
pH 8.0, 10 mM EDTA pH 8.0). Each bird was banded with an Australian 
Bird and Bat Banding Scheme (ABBBS) metal band and a unique 
combination of  three colour bands, and released at the site of  capture. 
Given the size disparity between island residents and mainland vagrants, the 
two subspecies can be readily differentiated using standard measurements 
of  length, weight and bill shape (Clegg et al. 2002; Higgins et al. 2006). 
We therefore measured each bird using the techniques described in Clegg et 
al. (2002) to differentiate between island residents and mainland vagrants 
(Table 1). 

 DNA extractions were performed using standard ammonium acetate/
ethanol precipitation (Richardson et al. 2001). Extracted DNA from each 
sample was re-suspended in 150 µL of  0.1X TE Buffer (10 mM TRIS pH 
8.0, 1 mM EDTA pH 8.0). Each sample was screened for the presence of  
Haemoproteus and Plasmodium spp. using a nested-polymerase chain reaction 
(PCR) protocol to target the parasite cytochrome-b (cyt-b) gene. The first 
round of  PCR, using primers HAEMNF and HAEMNR2 (Waldenström et 
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al. 2004), consisted of  20 µL reactions containing 10 µL TopTaq Mastermix 
(Qiagen), 5 µL DNA template and 0.2 µM of  each primer. Reactions for the 
second round were identical to the first round, but used primers HAEMF 
and HAEMR2 (Waldenström et al. 2004) and 1 µL PCR product from the 
first round as DNA template. PCR cycling conditions for both rounds of  
PCR followed Waldenström et al. (2004). Positive amplifications, indicating a 
haemosporidian infection, were sequenced in both directions and run on an 
Applied Biosystems 3130xl Genetic Analyser at the Griffith University DNA 
Sequencing Facility (Brisbane, Australia). Parasite sequences were identified 
to genus level (Haemoproteus or Plasmodium) by comparison to sequences 
lodged on GenBank and the avian malaria database, MalAvi (Bensch et al. 
2009). 

RESULTS 

We sampled a total of  198 Silvereyes. Of  these, 195 were morphologically 
identified as resident island birds (Z. l. chlorocephalus) and three were 
identified as mainland vagrants (Z. l. cornwalli) (Table 1). For resident 
Silvereyes, nested-PCR revealed a total of  12 infections (6.2% prevalence), 

              Measurement           

  Wing Tail Tarsus Head BillLp BillLa BillDa BillWp Weight 
(g) 

Range                   

Island 59.0–68.0 42.5–52.0 17.9–20.6 28.1–35.5 9.4–13.0 6.9–9.9 3.3–4.0 3.0–3.7 8.5–16.5 

Vagrant 54.5–60.0 39.0–44.5 16.1–16.4 28.3–28.8 9.4–10.2 7.1–7.4 2.7–3.0 2.6–2.8 8.5–10.5 

Mean                   

Island 63.6 48.2 19.3 31.1 11.8 8.7 3.6 3.3 12.7 

Vagrant 57.3 41.8 16.2 28.6 9.9 7.2 2.9 2.7 9.7 

          

Table 1.  Morphological measurements for island (n=195) and vagrant 
mainland (n=3) Silvereyes captured on Heron Island. Following Clegg 
et al. (2002), wing length was measured as maximum flattened chord 
of  the longest primary feather and tail length of  central tail feathers 
was measured from base to tip. Dial calipers were used to measure 
metatarsal length and head length from rear of  skull to tip of  bill. Ad-
ditional bill measurements, also taken with dial calipers, were mandi-
ble length and width at the posterior nostril opening (billLp and 
billWp, respectively) and mandible length and depth at the anterior 
nostril opening (billLa and billDa, respectively). Body weight was 
measured to the nearest 0.5 g using a 30 g Pesola spring balance 
(Pesola AG, Baar, Switzerland). Aside from weight, all measurements 
are given in mm.  
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six being Plasmodium spp. and six Haemoproteus spp. (Table 2). All three 
mainland vagrant Silvereyes were infected, one with Plasmodium sp. and two 
with Haemoproteus spp. (Table 2).  

DNA sequencing revealed that the infections consisted of  three genetic 
parasite lineages (2 Plasmodium spp. and 1 Haemoproteus sp.). All three lineages 
were found in resident island Silvereyes and two were also found in the 
mainland vagrants (Table 2).  The two lineages shared between resident and 
mainland Silvereyes were previously recorded from the Australian mainland 
and other Silvereye populations in Vanuatu and New Caledonia (Plasmodium 
AP70, Haemoproteus ZOSLAT04; see Beadell et al. 2004; Ishtiaq et al. 2010; 
Table 3). The third lineage found in island Silvereyes (Plasmodium LIN1; 
Table 2) has been recovered in a New Zealand Bellbird (Anthornis melanura; 
see Baillie & Brunton 2011) and in a Lewin’s honeyeater (Meliphaga lewinii) in 
mainland Australia (NJC unpublished data), but has not been recorded from 
Silvereyes elsewhere (Table 3). 

  cyt-b lineage       Totals   

  Plasmodium AP70 Plasmodium LIN1 Haemoproteus 
ZOSLAT04 

  Infected Uninfected 

Island 3 3 6   12 183 

Vagrant 1 0 2   3 0 

       

Table 2.  Prevalence of  infection in island resident and vagrant main-
land Silvereyes. Parasite cyt-b lineages were identified based on 
BLAST searches of  genetic sequences on GenBank and MalAvi 
(Bensch et al. 2009).  

Lineage GenBank 
accession # 

Regions  
recorded 

Avian hosts recorded Sources 

Plasmodium 
AP70 

AY714203 Australia 
Vanuatu 
Myanmar 

Japan 

Z. lateralis, Acanthiza 
katherina, Colluricincla meg-
arhyncha, Tanysiptera gala-
tea, Todirhampus sanctus, 
Acridotheres tristis 

Beadell et al. 2004; Ishtiaq et al. 
2006, 2010; Zamora-Vilchis et 
al. 2012 

Plasmodium 
LIN1 

JN415756 Australia 
New Zealand 

Anthornis melanura, Meliph-
aga lewinii 

Baillie & Brunton 2011, NJC 
unpublished data 

Haemoproteus 
ZOSLAT04 

JX021550 Australia 
Vanuatu 

Z. lateralis, Z. flavifrons Ishtiaq et al. 2010; Zamora-
Vilchis et al. 2012 

Table 3.  Genbank accession numbers and previous recordings for 
parasite cyt-b lineages identified in island resident and vagrant main-
land Silvereyes on Heron Island.  
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DISCUSSION 

We report the first evidence of  blood parasites in resident Heron Island 
Silvereyes, thus indicating that resident birds have not entirely escaped blood 
parasite infection. The sharing of  parasite lineages between resident island 
birds and mainland vagrants suggests that lineages may be regularly 
introduced from the mainland.  

A number of  factors may help explain why positive infections were 
found in this study, but not the previous study of  Peirce & Adlard (2004). 
First, molecular screening protocols may be more efficient at detecting 
haemosporidian infections than blood smears. Some studies have found that 
PCR is more reliable than microscopy for detecting avian haemosporidian 
infections (Durrant et al. 2006; Garamszegi 2010). However, skilled 
investigators using good quality smears should be able to detect a similar 
infection prevalence when comparing results to PCR screening (Valkiūnas et 
al. 2008). As the previous study on Heron Island birds was carried out by 
experienced parasitologists using freshly prepared smears (Peirce & Adlard 
2004), it is unlikely that infections were missed during microscopy. Rather, 
the low prevalence found in this study indicates that large sample sizes were 
needed for accurate determination of  whether infections do occur. Indeed, 
Peirce & Adlard's (2004) sample size of  15 birds is theoretically capable of  
detecting (at the 99% probability level) a randomly distributed infection only 
if  the parasite population prevalence is ≥26% (Post & Millest 1991). 
Temporal variation in parasite prevalence may also contribute to the 
contrasting findings. Birds were sampled in a single year in both the current 
study and that of  Peirce & Adlard (2004), and large variations in the 
occurrence of  vectors, particularly those that depend on freshwater sources 
for breeding (Marks 1969), is likely to cause temporal variation in prevalence 
of  the disease. Low prevalence in vertebrate hosts may also prevent 
completion of  the parasite life cycle, particularly when vector abundances 
are also low (Valera et al. 2003). Therefore, Heron Island’s avian 
haemosporidian community may be highly unstable and reliant on climatic 
variables, such as high rainfall and high temperatures, that favour vector 
establishment (Sehgal et al. 2010). Sampling across multiple seasons and 
years may therefore give a clearer indication of  whether the prevalence 
observed in this study is within a normal range, as well as an indication of  
whether haemosporidian parasites on Heron Island are influenced by 
climatic variation. 

The differences in parasite prevalence between island residents and 
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mainland Silvereyes may have important evolutionary implications (Ricklefs 
2010). In contrast to the low haemosporidian prevalence found in island 
residents in this study, prevalence in mainland Silvereyes can reach 70% 
(NJC unpublished data). Over time, such differences in parasite pressure 
may lead to different immunological adaptations for mainland and island 
hosts (Hart 1990; Beadell et al. 2007). Indeed, Silvereyes that were 
introduced to the island of  Moorea in French Polynesia within the last 100 
years already exhibit a decrease in parasite prevalence, as well as a decreased 
cell-mediated immune response, when compared to mainland birds (Beadell 
et al. 2007). The differences in parasite pressure observed in this study may 
therefore provide an important ecological basis to help explain the rapid 
divergence observed between mainland and island Silvereyes (Clegg et al. 
2002; Higgins et al. 2006; Clegg et al. 2008). However, our study addressed 
two genera of  avian blood pathogens, and Silvereyes have been found to 
exhibit infections with a wide variety of  pathogens (Mackerras & Mackerras 
1960; Austin et al. 1973). Further studies are needed to determine whether 
differential pathogen prevalence and diversity across mainland and Heron 
Island Silvereyes is common across a broader range of  parasite taxa. 

The presence of  infections in mainland vagrants suggests that these 
temporary visitors can act as potential sources for infections, and may 
therefore influence the stability of  Heron Island’s avian parasite community. 
If  island populations exist in relative isolation, they may evolve to represent 
unique faunal communities (Cornuault et al. 2012). Vagrant Silvereyes may 
therefore contribute to the prevention of  such insular divergence for 
haemosporidian parasites on Heron Island by continually introducing 
mainland lineages. For instance, the two lineages carried by vagrants in this 
study, Plasmodium AP70 and Haemoproteus ZOSLAT04, have been recorded 
previously from Silvereyes on the Australian mainland (Beadell et al. 2004 
Zamora-Vilchis et al. 2012). It is highly likely that these vagrant individuals 
were infected prior to arrival on the island, rather than contracting the 
infection there. This is because vagrants typically do not survive on the 
island for more than a few days to weeks (Kikkawa 1970), and the prepatent 
period of  infection (i.e. the period following transmission when the parasite 
is not yet found in the blood stream) varies from 11 days to three weeks 
(Valkiūnas 2005). However, the identification of  Plasmodium lineage LIN1 in 
three resident island birds suggests that avian hosts other than Silvereyes 
may also be carrying parasites to Heron Island. This lineage has only been 
recorded previously in a Bellbird (Anthornis melanura) from New Zealand 
(Baillie & Brunton 2011) and in a Lewin’s Honeyeater (Meliphaga lewinii) from 
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the Australian mainland (NJC unpublished data), and has not been found in 
Australia’s mainland Silvereyes (Beadell et al. 2004; Ishtiaq et al. 2006; Beadell 
et al. 2007; Zamora-Vilchis et al. 2012).  

Many other forest-dwelling avian species have been observed as 
vagrants on Heron Island, including fantails (Rhipiduridae), monarchs 
(Monarchidae), cuckoos (Cuculidae), pittas (Pittidae), doves (Columbidae) 
and whistlers (Pachycephalidae) (Kikkawa 1970). The presence of  other 
vagrant species may therefore facilitate the spread of  parasites to Heron 
Island, particularly for Plasmodium parasites, which are generally less host-
specific than Haemoproteus (Bensch et al. 2000; Hellgren et al. 2009). For 
lineages such as Plasmodium LIN1, migratory birds that feed in New Zealand 
and use Heron Island as a breeding ground (e.g. Wedge-tailed Shearwaters 
Puffinus pacificus (Hill & Barnes 1989)) may provide opportunities for 
parasites to colonise new habitats (Mendes et al. 2005). Although Peirce & 
Adlard (2004) did not find evidence of  infections in Heron Island’s seabirds, 
blood parasites have been recorded in shearwaters and other seabirds 
elsewhere (Quillfeldt et al. 2011). It may also be possible that Plasmodium 
LIN1 exists in mainland Silvereyes and has thus far escaped detection due to 
limited sampling. Without more adequate sampling of  Australia’s bird and 
vector community, we can only speculate as to how certain lineages colonise 
the island and infect resident island Silvereyes. 

 In summary, we report the first evidence of  blood parasites in Heron 
Island’s resident Silvereyes. The low overall prevalence in island versus 
mainland birds may have important evolutionary consequences for the island 
population. We suggest that mainland Silvereye vagrants and other 
colonising hosts (both avian and vector) are central to understanding avian 
parasite community dynamics on Heron Island. 
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