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wildlife and mosquito habitats, though the specific risks are unclear. Studies of RRV ecology are needed 
to manage public health risks and prevent future outbreaks. 

Here we present ecological assessments comparing wildlife composition among Brisbane locations with 
high or low human RRV notification rates. Taking a novel multidisciplinary approach, we combine data 
on reservoir abundance with vector surveillance and wildlife serology. We identify differences in vector-
host assemblages between locations of high and low human RRV notifications, and find animal diversity 
levels correlate with human disease rates. Our findings challenge the existing dogma that marsupials are 
the primary RRV hosts, and highlight the advantages of using ecological approaches to interpret human 
disease patterns. 
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Symbioses are defined as generally pairwise close and long-term interactions between species that may 
or may not benefit one or both of the species involved. We systematically review macrosymbiotic 
relationships that are found between members of the Kingdom Animalia. We show how these symbiotic 
relationships, often defined as a ‘mutualism’, ‘commensalism’ or ‘parasitism’, limit our understanding of 
the inherently mercurial movement of species within and between relationship parameters. We 
therefore discuss the drawbacks of static frameworks that are traditionally used to describe specific 
symbiotic relationships and suggest that a variable state model be used. In this model, much like the 
atomic orbital in quantum mechanics, the host acts as the nucleus and the symbiotic organism orbits the 
host in a set pattern that can fluctuate between different states as dependent on external variables. As 
such, a particular symbiont may have different effects on a host at certain life-stages, times or places, 
and vary its diet between host-derived tissue and non-host-derived tissue in a clearly defined manner.In 
this paper we lay out a framework for understanding symbiotic relationships, whereby, despite the idea 
that all symbioses are moving (in an evolutionary sense) towards either the mutualistic or parasitoid 
endpoint, the symbiont makes a choice at any given point in time based on its own personal energetic 
needs and “prey-switches” as necessary. Classic predator-prey ecological theory is used and similar 
terms are adopted, adding yet more evidence that rather than discrete states, mutualisms are a moving 
feast. 
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Co-extinction is becoming more widely recognised as a significant threat that is faced by many 
‘dependent’ organisms, including parasites. Parasites may be at even greater extinction risk than other 
mutualists or symbionts since conservation measures often directly or indirectly result in their removal. 
The woylie (syn. Brush-tailed bettong, Bettongia penicillata) has undergone significant population 
declines in south-western Western Australia, and the establishment of predator-free sanctuaries and 
fauna translocations have been at the forefront of the conservation of this species. We evaluate some of 
the impacts conservation activities have had on the parasite ecology of the woylie, which is host to at 
least 36 species of parasites. We discuss these impacts in context of the conservation of the species as a 
whole, and with respect to the potential role of disease in their decline. 
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Typically, flying foxes are nomadic nectar feeders and pollinators of native forests. Natural cyclical 
transitions from El Niño to La Niña periods impact Eucalypt phenology, causing intermittent acute food 
shortages for flying foxes and temporary fissioning of flying fox roosts. More recently, these ‘fission’ 
roosts are persisting outside of acute food shortages, manifesting as an exponential increase in flying fox 
roosts in urban areas. Immediately pre-dating these recent changes in flying fox ecology, the mid-1990’s 
saw a peak in destruction of their key habitats and the emergence of four novel zoonotic viruses from 
flying foxes. One of these, Hendra virus, stands out as an excellent model system for understanding bat 
virus transmission and spillover globally. Hendra virus spillover to horses tends to be associated with 
seasonal ‘pulses’ of viral excretion within bat populations, but the interactions between proposed 
broad-scale and roost-level drivers of Hendra virus transmission are complex and have not been fully 
elucidated. Our results indicate that landscape-scale processes driving flying fox roost fissioning are 
linked to processes driving Hendra virus excretion and spillover to horses. By gaining insights into the 
interactions between environmental change, bat ecology, viral dynamics and spillover, we hope to 
identify the root causes of viral spillover from wildlife hosts and develop of new ecological interventions 
to prevent bat virus spillover in Australia and globally. 
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