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Abstract
The taxonomically diverse and relatively understudied avifauna of Papua New Guinea’s (PNG) island archipelagos provide 
a unique ecological framework for studying haemosporidian parasite differentiation and geographic structure. We imple-
mented molecular and phylogenetic analyses of partial mitochondrial DNA sequences to assess the host distribution of 3 
genera of vector-transmitted avian blood parasites (Plasmodium, Leucocytozoon and Haemoproteus) across a range of islands 
off the southeastern tip of PNG. We identified 40 new lineages of haemosporidians, including five lineages belonging to 
Leucocytozoon, a genus not previously described in this region. Leucocytozoon infections were only observed on the larger, 
human-inhabited islands. Lineages belonging to Haemoproteus were diverse and had broad geographic distribution. Com-
pared to the mainland, Haemoproteus parasites on the smaller, more distant islands had greater host specificity and lower 
infection prevalence. The black sunbird (Leptocoma aspasia), a commonly caught species, was shown to be a rare host for 
Haemoproteus spp. infections. Moreover, although birds of the genus Pitohui harbor a neurotoxin (homobatrachotoxin), 
they demonstrated an infection prevalence comparable to other bird species. The islands of PNG display heterogeneous 
patterns of haemosporidian diversity, distribution and host-specificity and serve as a valuable model system for studying 
host-parasite-vector interactions.
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Introduction

Being relatively isolated, avian haemosporidian 
(Haemosporida, Haemoproteidae) parasite communities in 
oceanic archipelagos present a noteworthy model system 
to study ecological and evolutionary drivers of pathogen 
prevalence and diversity. While island biogeography 
correlates with avian populations (MacArthur and Wilson 
1967; Andersen et al. 2014; Linck et al. 2016), previous 
studies into parasite systems on islands have observed 
conflicting support for biogeographic association (Fallon 
et al. 2003a, b, 2005; Ishtiaq et al. 2008; Olsson-Pons et al. 

2015; Clark et al. 2016; Ellis et al. 2017). Although some 
island-parasite systems supported island biogeography 
theory (Fallon et al. 2005; Ishtiaq et al. 2008; Olsson-Pons 
et al. 2015; Clark et al. 2016; Ellis et al. 2017; Padilla et al. 
2017), parasites on other island systems did not show a 
correlation with geography or environmental conditions. 
These parasite communities were, instead, significantly 
correlated with host community composition (Fallon et al. 
2003a, b; Beadell et al. 2004; Santiago-Alarcon et al. 2008; 
Svensson-Coelho and Ricklefs 2011; Olsson-Pons et al. 
2015; Clark et  al. 2016; Clark et  al. 2018; Humphries 
et al. 2019). To accurately understand the role of island 
biogeography on parasite communities, we must conduct 
additional island-specific studies that incorporate geography, 
environmental conditions and host communities.

In Papua New Guinea (PNG), the distribution 
and dispersal of haemosporidian parasites, potential 
endemic hosts and the role of insect vectors are largely 
understudied. The remote Louisiade archipelago of PNG 
offers a non-linear network of small islands which could 
hypothetically serve as stepping stones, allowing the 
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dispersal of parasite populations to more distant islands 
(Ricklefs and Bermingham 2007). As a tropical region, 
the avian community composition of PNG is diverse. This 
diversity includes endemic hosts, such as the black sunbird 
(Leptocoma aspasia); the genus of poisonous birds, Pitohui 
(Mayr and Diamond 2001; Dumbacher et al. 1992); and 
many other species that are not well characterized, either 
phylogenetically or geographically (Filardi and Moyle 
2005; Andersen et al. 2014; Linck et al. 2016). Diverse 
host communities can have equally diverse haemosporidian 
communities (Clark et al. 2014). This has been shown in 
the only published study exploring the genetic diversity of 
Haemoproteus and Plasmodium lineages in PNG (Beadell 
et al. 2004). The authors found Haemoproteus infections 
in 31% of birds and Plasmodium in 10%. Haemoproteus 
infections were not uniformly distributed across host families 
and exhibited strong host family-specificity. Since 2004, 
additional studies in the greater Australo-Papuan region 
have shown similar trends (Olsson-Pons et al. 2015; Clark 
et al. 2016; Goulding et al. 2016), but none has explored 
how the geographic structure of the Louisiade archipelago 
may influence this host-driven diversity. The application of 
our results could be limited by the diversity and number 
of endemic hosts of PNG; however, our results could serve 
to exemplify conclusions drawn from other island systems.

This investigation aimed to study biogeography and 
host-parasite assemblages of PNG. We tested for parasites 
belonging to the genera Haemoproteus, Plasmodium and 
Leucocytozoon in the avifauna occurring across 23 islands 
and the mainland of PNG. While Haemoproteus and Plas-
modium parasites were previously detected on the mainland, 
ours was the first study to determine the presence of Leu-
cocytozoon parasites in the PNG region. We use molecular 
and phylogenetic techniques to describe the host-parasite 
associations, the geographic distribution and host-specificity 
of parasite lineages identified from a subset of PNG island 
bird communities. Considering proximity and size of islands 
can affect the geographical structure of parasite assemblages 
by influencing avian movement and vectors (Fallon et al. 
2005), we hypothesized that (1) island size, (2) island dis-
tance from the mainland and (3) the diversity of the avian 
hosts would correlate with haemosporidian prevalence and 
diversity. Additionally, we expected that lineages of Haemo-
proteus would be detected more readily in closely related 
host species than were Plasmodium lineages.

Materials and methods

Fieldwork occurred from 30 January to 14 February 2009 in 
the lowlands near Mt. Bosavi (6°31′54.2″ S, 143°06′36.8″ E) 
on the mainland and on 23 islands of Milne Bay Province, 
PNG, from 8 October to 14 November 2009 and from 14 

September to 2 November 2011. Approximately 50 μl of 
whole blood was drawn from each bird by brachial veni-
puncture and stored in lysis buffer for subsequent molecular 
analysis (Sehgal et al. 2001). One blood film was prepared 
from each bird. Slides were fixed in methanol in the field 
and stained with Giemsa in the laboratory. Low slide quality 
prevented use to determine morphospecies or parasitemia 
(Valkiūnas et al. 2008a, b).

Parasite screening

DNA was extracted from whole blood using the Wizard® 
SV Genomic DNA Purification System (Madison, WI, 
USA). Extraction of amplifiable DNA was verified by 
polymerase chain reaction (PCR) targeting the avian brain-
derived neurotrophic factor (Sehgal and Lovette 2003).

First, we detected Haemoproteus and Plasmodium spp. 
using two PCR protocols; both amplify the partial mitochon-
drial cytochrome b gene. The first protocol was a nested PCR 
(nPCR). The primers HaemNF and HaemNR2 were used in 
the first reaction, followed by HaemF and HaemR2 for the 
nested reaction (Waldenström et al. 2004). The second pro-
tocol used the primers set L15183 and H15730 described 
previously (Fallon et al. 2003a, b; Szymanski and Lovette 
2005). The PCR products contain overlapping regions of the 
cty b gene, with the second set of primers targeting a down-
stream region. Using both protocols reduced sequencing 
errors in the overlapping region by requiring 100% identical 
sequence while increasing the cyt b gene sequence length 
up to 750 bp.

A nPCR determined Leucocytozoon spp. presence follow-
ing the protocol described by Hellgren et al. (2004) with a 
modified annealing temperature set to 54.5 °C.

All PCR reactions were performed using Accupower® 
PCR PreMix (Oakland, CA, USA) in 20 or 25 μl reaction 
volumes. Samples were accompanied by negative  (ddH20) 
and positive controls (previously extracted samples that were 
tested and verified by microscopy) to detect contamination 
and confirm the success of the PCR. Products were run on 
a 1.8% agarose gel using 1× TBE and visualized with eth-
idium bromide under ultraviolet light.

PCR products were purified using ExoSap-IT follow-
ing the manufacturer’s instructions (Cleveland, OH, USA). 
Both strands for the cyt b fragment were directly sequenced 
using BigDye® version 1.1 sequencing kit (Foster City, 
CA, USA) on an ABI Prism 3100™ automated sequencer 
(Foster City, CA, USA). The occurrence of double peaks on 
the chromatogram was used to identify mixed infections. 
Mixed infections that were not able to be distinguished were 
excluded from further analysis. Sequences were aligned 
using Sequencher 4.8 (Ann Arbor, MI, USA) and Geneious 
7.1.9 (http:// www. genei ous. com). Our sequences were com-
pared to published sequences available on GenBank using 

1622 Parasitology Research (2022) 121:1621–1630

http://www.geneious.com


1 3

the BLAST algorithm. Aligned sequences were deemed 
unique when there was a difference of 1% or >4 bp (Bensch 
et al. 2009)

Phylogenetics

Phylogenetic analysis was conducted independently on all 
three genera. Reference sequences included a combination of 
morphologically identified lineages and lineages previously 
observed in PNG. Plasmodium relictum was used as an out-
group in Haemoproteus and Leucocytozoon analyses, while 
Haemoproteus columbae served as outgroup for the Plas-
modium analysis. High-quality Haemoproteus sequences 
consisting of 451-bp of a continuous fragment were ana-
lyzed. Analysis of sequences of Plasmodium had 382 bp, 
and Leucocytozoon had 291 bp.

Estimates of sequence divergence and algorithms were 
computed using Geneious 7.1.9. The software MrModel-
Test (Nylander et al. 2004) selected the models GTR + Γ 
for genus Leucocytozoon and GTR + Ι + Γ for the genus 
Haemoproteus and Plasmodium. Phylogenies of the partial 
cyt b sequences were generated in MrBayes version 3.2.6 
(Ronquist and Huelsenbeck 2001) using 1 cold and 2 hot 
Monte Carlo Markov chains and sampled every 1000 genera-
tions over 3 million generations. In all, 25% of these were 
discarded as “burn-in,” and the remaining trees were used to 
construct a majority consensus tree and calculate posterior 
probabilities (p.p.) to determine individual clades.

Statistical analyses

Prevalence was calculated as the number of individuals 
infected out of the total sample size. The 95% confidence 
intervals were calculated using the methods listed in Walther 
et al. (2015). In short, the qbeta function was run using base 
R version 1.2.5033 (RStudio Team 2019) with the shape 
1 parameter set to the number of positive samples +1 and 
the shape 2 parameter set to total sample size — positive 
samples +1.

Generalized linear-mixed effect models (GLMM) were 
conducted to test for effects on prevalence across islands. 
Each model was designed with binomial errors. Two full 
models were run using all samples from host species and 
islands. The first model was used to observe the effects of 
island geography on prevalence and included the terms 
island area, island distance from the PNG mainland and 
their interactions. This model had estimated Shannon 
diversity index set as a random variable to account for the 
linear relationship between geography and avian diver-
sity. Sample sizes were set as weighted values. The second 
model was conducted to observe the effect of host diversity 
on prevalence. In this second model, estimated Shannon 

diversity was set as a fixed variable. Area and distance 
from the mainland of each island were set as random vari-
ables; the sample size was used as a weighted value.

Community diversity was quantified using the esti-
mated completeness curve and Hill numbers. Diversity 
metrics were (1) species richness, (2) Shannon Index 
and (3) Simpson Index values (Chao et al. 2014). Values 
were calculated and visualized for islands (n >1) using 
the “iNEXT” package (http:// chao. stat. nthu. edu. tw/ wordp 
ress/ softw are_ downl oad/) for Haemoproteus, Plasmodium 
and avian host populations.

Host-parasite specificity index  (STD*) for each lineage 
of Haemoproteus and Plasmodium was calculated using 
the program TAXOBIODIV2 (http:// www. otago. ac. nz/ 
paras itegr oup/ downl oads. html). Assigned values ranged 
from 1 to 4, with lower  STD* indicating greater host-
specificity. Lineages detected multiple times in a single 
host species were given a default value of 1, and lineages 
only detected once were excluded. Mean  STD* values were 
calculated for both genera of parasites to quantify their 
overall host-specificity (Poulin and Mouillot 2005) and 
compared between genera using a Welch two-sample t-test.

We compared host-specificity and prevalence of 
Haemoproteus lineages between islands and the main-
land. T-tests were conducted for the  STD* values and the 
prevalence of lineages found on the mainland compared to 
smaller, more distant islands (Loiseau et al. 2017).

Results

Using PCR and DNA sequencing, we screened 599 individual 
birds from 72 species (SI 1). A total of 126 individuals tested 
positive for parasites belonging to Haemoproteus (21%, C.I. 
17.9–24.4%), 24 tested positive for parasites belonging to 
Plasmodium (4%, C.I. 2.7–5.9%) and 5 tested positive for 
parasites belonging to Leucocytozoon (0.8%, C.I. 0.5–1.9%). 
Leucocytozoon infections were found only on the large island 
of Bagaman (5.6%, C.I. 1.3–26%) and on the mainland (5.9%, 
C.I. 2.1–15.9%). No differences between infection prevalence 
at the family level were found (SI 2). Mixed infections were 
identified 36 times, 18 of which were not able to be isolated. 
A complete list of all relevant information for each lineage 
is provided in the Supplementary Information (SI 3). All 
novel sequences were deposited in GenBank (Accession 
JN792161-JN792180, MW271614-MW271619). Based on 
the sample completeness curve (Fig. 1A), we sampled >80% 
of the avian and Haemoproteus communities but <75% of the 
Plasmodium or Leucocytozoon parasite communities. Due 
to the small sample size of Plasmodium and Leucocytozoon 
infections, models were only created for the Haemoproteus 
communities.
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Haemoproteus prevalence and diversity

We identified 40 unique lineages of Haemoproteus in our 
study. The estimated Haemoproteus parasite richness was 
63.395. The estimated Shannon and Simpson diversity 
indexes were 33.6 and 22.7, respectively (Fig. 1B).

Lineages found in the Australo-Papuan region appear to 
be more closely related to each other than to lineages located 
around the world. Noticeable exceptions are the lineages 
TODSAN01, DUCPIS01, PTIPUL01 and MELMAC01, 
which showed similarities to the lineages PICAN02, 
FREMIN01 and ALCLEU01 (Fig. 2). We examined preva-
lence at species and family levels to account for the presence 
of Columbidae, which are rare hosts of the subgenus Para-
haemoproteus (Martinsen et al. 2008; Križanauskienė et al. 
2013). When comparing species (n >5), the prevalence of 
Haemoproteus spp. was highest in the dwarf longbill (Oed-
istoma iliolophus) (n = 10, 90%, C.I. 58.7–97.7%). In fami-
lies (n >5), Haemoproteus spp. prevalence was highest in the 
family Melanocharitidae (n = 15, 66.7%, C.I. 41.3–84.8%). 
The little shrikethrush (Colluricincla megarhyncha) had the 
second-highest prevalence at the species and family level (n 
= 13, 46.2%, C.I. 23–71.1%).

Plasmodium prevalence and diversity

From the 24 positive Plasmodium spp. infections, we iso-
lated sequences for 14 novel lineages, among which the raw 
pairwise sequence divergence ranged from 1.6 to 10.1% 
(Fig. 3). The helmeted friarbird (Philemon buceroides) had 
the highest prevalence (n = 6, 16%, C.I. 3.7–57.9%), fol-
lowed by the dwarf longbill (n = 10, 10%, C.I. 2.3–41.3%). 
The families Columbidae (n= 50, 16%, C.I. 8.4–28.6%) and 
Meliphagidae (n = 42, 11.9%, C.I. 5.3–25.1%) had the high-
est prevalence. Total estimated Plasmodium species rich-
ness, Shannon diversity and Simpson diversity were lower 
than Haemoproteus at 17.7, 14.9 and 12.5, respectively 
(Fig. 1B).

Leucocytozoon prevalence and diversity

Leucocytozoon spp. had the lowest overall prevalence (0.8%, 
5/599 individuals) and were only detected once in each of 
five different species (SI 4). Four of these birds were cap-
tured on the mainland. One infected singing starling was 
captured on Bagaman island, 217 km from the mainland.

Fig. 1  Species diversity estimates. (A) Sample completeness curve 
measured by sample coverage. (B) Sample size–based rarefaction and 
extrapolation curves for all avian species, Haemoproteus lineages and 
Plasmodium lineages collected across all sample sites in the Papua 

New Guinea region. Rarefaction curve is shown in solid line, sam-
ple size is shown as a solid dot and extrapolation curve is shown as a 
dashed line. Species richness (red), Shannon index (green) and Simp-
son index (blue) values are graphed
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Fig. 2  Phylogenetic tree of Papua New Guinea Haemoproteus para-
site lineages based on 451 bp of the partial mitochondrial cytochrome 
b gene. Bayesian posterior probabilities >80% are shown. Lineage 
name, host species, number of infected hosts and GenBank acces-
sion number are shown for lineages observed in this study. General 
reference sequences are shown in grey, italicized text. Reference 
sequences obtained from Beadell et  al. (2004) are shown in black, 

italicized and underlined. Sequences obtained from our study are in 
bolded, black text. Single asterisk indicates the sequences are consid-
ered novel with >1% difference from published sequences. Accession 
numbers inside of parentheses indicate the closest available sequence 
on GenBank (>99% identity). Triple asterisks indicate sequence 
matched with <1% difference to a published sequence obtained in the 
Australo-Papuan region

1625Parasitology Research (2022) 121:1621–1630



1 3

Sequence divergence among Leucocytozoon lineages 
ranged from 0.2 to 7.0%. Phylogenetic analysis showed that 
lineages were more closely related to each other than to any 
of the reference sequences (SI 4).

Island biogeography and parasite communities

We examined the effects of island biogeography (i.e., dis-
tance from mainland and island area) and avian host com-
munities on parasite communities. For Haemoproteus line-
ages, distance from the mainland was negatively correlated 
with the prevalence (P = 0.016) (Table 1), while estimated 
Shannon diversity was positively correlated (P < 0.001) 

(Table 2). Due to small sample sizes, we refrained from test-
ing Plasmodium or Leucocytozoon parasite communities.

Haemoproteus lineages showed a significantly lower 
mean  STD* (2.33 ± 1.07) compared to Plasmodium line-
ages (2.94 ± 0.75) based on Welch two-sample t-test (t = 
−3.0073, df = 29.54, P = 0.005) (SI 3).

Haemoproteus lineages on smaller, distant islands (n = 
18) had a lower  STD* (t = 3.65, df = 35, P < 0.001; Fig. 4A) 
and lower prevalence (t = −13.71, df = 42, P < 0.001) 
(Fig. 4B) compared to lineages found on the mainland (n 
= 15).

Fig. 3  Phylogenetic tree of 
Papua New Guinea Plasmodium 
parasite lineages based on 382 
bp of the partial mitochondrial 
cytochrome b gene. Bayesian 
posterior probabilities >80 are 
shown. Lineage name, host 
species, number of infected 
hosts and GenBank acces-
sion number are shown for 
lineages observed in this 
study. Reference sequences 
are shown in grey, italicized 
text. Sequences obtained from 
our study are in bolded, black 
text. Single asterisk indicates 
the sequences are considered 
novel with >1% difference from 
published sequences. Accession 
numbers inside of parentheses 
indicate the closest available 
sequence on GenBank (>99% 
identity). Triple asterisks 
indicate sequence matched with 
<1% difference to a published 
sequence obtained in the 
Australo-Papuan region

Table 1  Generalized linear mixed-effect model results of island 
geography, log of island area and distance from the mainland of the 
response variables Haemoproteus infection prevalence of all sampled 
birds from PNG. Variable significance was determined using chi-
squared significance test

*** indicate p-value <0.001, ** indicate p-value <0.05

Variable Estimate Standard error z-value P-value

Haemoproteus infection prevalence
Intercept −1.012 0.243 −4.161 <0.001***
Dist. from main-
land

−0.004 0.002 −2.407 0.016**

Random effect: estimated Shannon diversity

Table 2  Generalized linear mixed-effect model results of host diver-
sity, determined as estimated Shannon Diversity, of the response vari-
ables Haemoproteus infection prevalence of all sampled birds from 
PNG. Variable significance was determined using the chi-squared sig-
nificance test

*** indicate p-value <0.001

Variable Estimate Standard error z-value P-value

Haemoproteus infection prevalence
Intercept −1.781 0.149 −11.917 <0.001***
Estimated 
Shannon 
diversity

0.037 0.008 4.496 <0.001***

Random effect: log (island area)
Random effect: dist. from mainland
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Discussion

Our study focused on avian-parasite assemblages of the 
Louisiade Archipelago, PNG. We had lower haemosporid-
ian prevalence (26%) compared to the previously observed 
prevalence (44%) (Beadell et al. 2004). Recent studies have 
determined that detection methods can bias Haemoproteus 
spp. over Plasmodium spp. during co-infections, an issue 
that may partially explain the relatively low detection of the 
latter (Ciloglu et al. 2019). This bias is an important con-
sideration given the differences in protocols used during our 
study and the ones used by Beadell et al. (2004) (Neto et al. 
2020). Infections spanned taxonomically divergent avifauna 
and several islands of PNG.

Diversity and distribution of lineages

Our study revealed a noteworthy distribution of haemos-
poridians among avian hosts (SI 1). The southern variable 
pitohui (Pitohui uropygialis) and rusty pitohui (Pseudo-
crectes ferrugineus), endemic to PNG, were infected with 
Leucocytozoon (100%, C.I. 15.8–98.7%) and Haemoproteus 
(66.7%, C.I. 19.4–93.4%) parasites, respectively. These birds 
carry the potent neurotoxins batrachotoxins (BTX) on their 
skin and feathers (Dumbacher et al. 1992; Dumbacher et al. 
2008). BTX can function as a chemical defense to repel or 
shorten the lifespan of chewing lice (order Phthiraptera) 
(Dumbacher 1999). Our results indicate that the toxin did 
not offer protection against haemosporidian vectors. Vectors 
can likely feed and transmit haemosporidian infections suc-
cessfully before being affected by BTX. It is unclear whether 
the vectors are in contact for sufficient time to be affected by 
BTX or even susceptible to the toxin.

In contrast, black sunbirds, one of the most heavily sam-
pled species, had relatively low prevalence (n = 56, Haemo-
proteus spp. 8.9%, C.I. 4–19.3%). Considering our current 
dataset, previous work that focused on sunbirds in Africa 
(Lauron et al. 2015), information relating to Haemoproteus 
parasites (Valkiūnas 2005) and trends on other island sys-
tems (Liao et al. 2016), it is unlikely that our results indicate 
transient infections or that infections are especially lethal 
to the black sunbirds. Instead, the ecological niche of black 
sunbirds, avoidance behaviours, microclimates, or a combi-
nation of these, offer alternative explanations. Future studies 
could explore these factors' contribution and prioritize high-
quality blood smears to verify infections.

Previously, Columbiformes birds were thought to only 
be infected by parasites in the subgenus Haemoproteus 
(Martinsen et  al. 2008). More recently, Columbiformes 
birds infected with Parahaemoproteus parasites have been 
identified (Križanauskienė et al. 2013; Schumm et al. 2021), 
and our results provide further evidence of these possible 
infections (Fig. 2).

One limitation to our study was the absence of data on 
vector populations. Vector distribution and feeding prefer-
ences regulate transmission and host-specificity of avian 
haemosporidians (Gager et al. 2008; Hellgren et al. 2008). 
Without this information, it is difficult to determine whether 
the absence of a particular genus of haemosporidians on 
each island was due to sample size or the absence of neces-
sary vectors. For example, we did not find any infections 
belonging to the Haemoproteus subgenus, despite being pre-
viously observed in PNG (Beadell et al. 2004). This subge-
nus is transmitted by louse flies (family Hippoboscidae) and 
primarily infects members of the family Columbiformes (n= 
50). We did detect a higher prevalence of Parahaemoproteus 
spp. infections on the mainland compared to the islands. This 

Fig. 4  T-test of Haemopro-
teus spp. showing (A) host-
specificity comparison between 
small, distant islands and the 
PNG mainland. Islands include 
Noapoi, Nuratu, Hummock, 
Nabwageta and Rara. Lower 
StD* indicates greater host 
specificity, and higher StD* 
indicates a generalist parasite. 
Islands showed greater host-
specificity compared to the 
mainland. (B) Prevalence in 
small, distant islands and the 
PNG mainland. 95% confi-
dence intervals of prevalence 
shown. *** indicate p-value 
<0.001
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observation could indicate that the vectors, biting midges 
(family Ceratopogonidae), are more prevalent on the main-
land than on the islands. Black flies (family Simuliidae), 
vectors of Leucocytozoon parasites, require high-quality run-
ning water for their early development (Lautenschläger and 
Kiel 2005). These conditions were absent from the smaller 
islands and could explain the low distribution of Leucocyto-
zoon parasite infections. Future studies in this region could 
incorporate vector communities to provide insight into the 
feeding preferences of different vectors and to determine the 
potential consequences of novel vector introductions (Rick-
lefs et al. 2005; Tompkins and Gleeson 2006; Derraik et al. 
2008; Howe et al. 2012; Ewen et al. 2012.).

Relative phylogenetic relationships

Basal polytomy limits the interpretation of our phylogenetic tree. 
Despite this, our results do not conflict with recent publications 
focusing on haemosporidian phylogeny (Valkiūnas et al. 2020). 
Haemoproteus lineages in our study were closely related to 
each other and Australo-Papuan reference lineages, providing 
evidence that haemosporidian populations can be geographically 
isolated (Hellgren et al. 2015). In contrast, Plasmodium lineages 
were more heterogenous and demonstrated similarities with 
globally distributed lineages (Fig. 3).

The genus Haemoproteus is primarily comprised of host-
specific lineages (Waldenström et al. 2002; Fallon et al. 
2005), although there were initial observations of host-
generalist lineages (Križanauskienė et  al., 2006). Many 
Haemoproteus lineages within our study appeared more 
host-specific than Plasmodium lineages (P = 0.005), but 
both genera included generalist lineages. This supports recent 
observations of generalist Haemoproteus lineages in hosts 
(Nilsson et al. 2016) and vector populations of the southwest 
pacific islands (Ishtiaq et al. 2008). Eleven Haemoproteus 
lineages infected taxonomically distinct host families, and a 
few were also geographically distant (Fig. 2). Blood smears 
would be necessary to determine if detection of lineages 
in multiple species reflect established infections, unique 
crossover events or transient infections (Atkinson 1986).

Island biogeography and parasite communities

Our data suggest that island biogeography was not solely 
responsible for shaping parasite communities of the Loui-
siade archipelago. Mainland PNG and Normanby Island, the 
largest island in the archipelago and closest to the main-
land, had the highest Haemoproteus spp. prevalence. Forty 
percent of Haemoproteus lineages were endemic to one 
island. In contrast, only 27% of all Plasmodium lineages 
were endemic to a single island, with 18% of lineages shared 
between the mainland and the islands.

Our GLMM suggests that an island’s host community 
and the distance from the mainland individually affected 
Haemoproteus spp. prevalence (Tables 1 and 2). Similarly, 
Beadell et al. (2004) and Olsson-Pons et al. (2015) found 
that Haemoproteus prevalence was significantly related to 
host diversity. Loiseau et al. (2017) observed lineages on 
islands to be either generalist, shared with lineages on the 
mainland, or lineages with narrow niches. The lineages we 
observed on islands did not overlap with mainland lineages 
and instead were more often specialist (Fig. 4A). Whether 
this resulted from a small sample size or specialization over 
time requires high-quality slides and additional studies into 
the complete phylogenetic history of PNG lineages.

Conclusions

Our study expands current knowledge of the haemosporid-
ian communities found in Milne Bay Province, PNG, and 
explores the correlation between parasite community met-
rics, geographic characteristics and host communities. We 
provide the first account of Leucocytozoon parasite infec-
tions in PNG while providing additional data on Haemopro-
teus and Plasmodium lineages in the region. We observed 
that geography and host communities could contribute to 
the distribution of Haemoproteus parasites throughout PNG 
islands. These results could expand with future studies that 
address island geography, abiotic characteristics and physi-
cal conditions. The inclusion of these variables can explain 
how geography, hosts and even vector populations regulate 
haemosporidian distribution with implications relating to 
future habitat change.
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