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A B S T R A C T

Avian malaria is a mosquito-borne parasitic disease of birds caused by protists of the genera Plasmodium, most
notably Plasmodium relictum. This disease has been identified as a primary cause of the drastic decline and
extinctions of birds, in particular Hawaiian honeycreepers (Drepanidinae), where rates of mortality may exceed
90%. We formulate an epizootiological model of the transmission dynamics of avian malaria between popula-
tions of bird hosts and mosquito vectors using a system of compartmental ordinary differential equations. We
derive the basic reproduction number as well as criteria for the existence and local stability of disease-free and
enzootic equilibria. These results provide useful information for evaluating management strategies. A local
sensitivity analysis of certain model invariants to uncertain parameter values is performed to ascertain which
biological factors have the largest impact on ecological outcomes and, in particular, long-term bird population
densities. We discuss and compare the effectiveness of two disease control and conservation strategies: captive
propagation of honeycreepers and larval mosquito habitat reduction. We provide examples of combinations of
these strategies that either are predicted to eliminate enzootic avian malaria or to increase predicted bird density
above a given ecologically meaningful threshold.

1. Introduction

Avian malaria, a mosquito-borne parasitic disease of birds, is caused
by an infection of protists of the genera Plasmodium. In particular, the
species Plasmodium relictum has spread globally, affecting bird popula-
tions that lack resistance to this parasite. The Hawaiian honeycreepers
(Drepanidinae) are extremely susceptible to mortality due to infection
by avian malaria parasites - with some species enduring disease mor-
tality rates exceeding 90% [1]. Avian malaria has been identified as a
primary threat to threatened and endangered Hawaiian honeycreepers
and in at least one case has been connected to the possible extinction of
a species: the Po‘ouli (Melamprosops phaeosoma) [2–4]. The primary
vector of avian malaria in Hawaiian forests is the Southern house
mosquito (Culex quinquefasciatus), which was introduced to the Ha-
waiian islands in the early 19th Century [3,5]. The only avian malaria-
causing Plasmodium species in Hawai‘i is Plasmodium relictum [5].

The epizootiology of avian malaria in Hawaiian honeycreepers is a
complex system involving the biology and ecology of hosts, vectors, and
parasites as well as the climate and biogeography of their forest habitat.
Conducting natural or laboratory experiments with Hawaiian honey-
creepers to better understand this wildlife disease system may be pre-
ferable to performing simulations in silico. However, these experiments

are made difficult by the rarity of these species. Further, while infection
challenge experiments have previously been performed on some
Hawaiian birds [1,6–10], conducting further experiments on these
threatened or endangered birds may not be justified. Population sur-
veys are conducted somewhat frequently, but the available data are
sparse and uncertain relative to data available for human diseases
[11,12].

In the study of the spread of infectious diseases, performing ex-
periments and directly evaluating the effectiveness of control measures
may be ineffective, impossible, or unethical. Mathematical modeling
can be used to examine the impacts and spread of pathogens as well as
to investigate the effectiveness of disease control measures [13]. In this
paper, we employ a system of ordinary differential equations (ODEs) to
model the disease dynamics and host-vector interactions between po-
pulations of Hawaiian honeycreepers and female Cx. quinquefasciatus.
ODEs have been used to model the transmission and population impacts
of human malaria as well as many other human infectious diseases
[13–15]. Using ODEs to model human malaria has a particularly rich
history and we employ some of these techniques in the formulation of
our model, making modifications when necessary to account for the
differences in host (humans vs. birds) and parasite biology (P. falci-
parum vs. P. relictum).
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