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ABSTRACT 

 

The global increase in emerging infectious diseases poses a substantial threat 

to wildlife, especially for small, fragmented and populations exposed to novel 

pathogens. The emergence of the chytrid fungus Batrachochytrium dendrobatidis is 

one of the clearest cases of this to date. Batrachochytrium dendrobatidis colonises 

keratinised cells of the amphibian epidermis and causes the disease chytridiomycosis 

when pathogen populations on hosts reach a threshold density. Host mortality usually 

occurs shortly after clinical disease symptoms become evident. Chytridiomycosis is 

fatal to a wide range of amphibian species, while other, less vulnerable species can 

serve as asymptomatic carriers. This has allowed chytridiomycosis to cause 

widespread local and global declines as well as extinctions in a wide range of 

amphibians. Many of the affected species occur in relatively pristine, protected areas; 

declines of these species have been termed “enigmatic” declines. Previous research 

has demonstrated that the physical environment plays a major role in determining 

whether infected hosts recover, coexist with sublethal infections or develop 

chytridiomycosis and die. The optimal environment for B. dendrobatidis is cool and 

moist, as is typical of tropical high elevation rainforests, where amphibian diversity is 

usually high. In tropical Central America and Australia, lowland populations of 

species that are widely distributed along elevational gradients often persist, while 

upland populations decline or suffer local extinction. It appears that the warmer, 

sometimes drier or more seasonal environments of lowlands are less favourable for 

the pathogen, permitting otherwise susceptible species to coexist with B. 

dendrobatidis. These areas are therefore climatic refuges from disease-driven 

amphibian declines and extinctions. The aim of this thesis was to gain an increased 

understanding of the operation of climatic refuges. I addressed this aim using three 

objectives: a) to determine how the climate within refuges affects the biology of B. 

dendrobatidis, b) to compare the epidemiology of the interaction between B. 

dendrobatidis and its amphibian hosts between refugial and non-refugial sites, and c) 

to elucidate the underlying mechanisms that enable amphibians in climatic refuges to 

coexist with this potentially lethal pathogen. 
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To attain the first objective, I used species distribution models for B. dendrobatidis to 

predict areas that are unsuitable for the pathogen and should therefore have low 

probabilities of suffering from disease-driven amphibian declines. I initially examined 

data from Costa Rica, collected during my Masters’ research.  In Costa Rica, areas of 

low probability of pathogen occurrence are mostly dry forests, which coincidentally 

support a large population of Craugastor ranoides, a critically endangered species 

that has disappeared from most of its range (in rainforest) in conjunction with 

outbreaks of chytridiomycosis. As predicted data on prevalence between dry and wet 

areas suggest, B. dendrobatidis is much more common in wet areas. This supports the 

proposed hypothesis that areas with environments that are hostile to B. dendrobatidis 

can serve as refuges for frogs that have broader environmental niches. I collected 

preliminary survey data that indicated that dense populations of the frog Litoria 

nannotis, which had declined across its distribution range above 400 m elevation in 

rainforest of the Australian Wet Tropics, occurred in dry forest areas adjacent to the 

western boundary of the rainforest. Species distribution models for B. dendrobatidis 

constructed using data on its known Australian distribution, predicted that these areas 

were not suitable for the pathogen. However, surveys of the prevalence of B. 

dendrobatidis in frogs in these dry forest areas, which were the first to be conducted 

showed that B. dendrobatidis is present at very high prevalences, higher than in 

adjacent wet forest areas. This contrasts strongly with low elevation refuges in the 

Australian Wet Tropics and with the dry-forest refuges in Costa Rica, where 

prevalences are lower than at high elevation sites. These results suggest that the 

mechanisms by which high elevation dry forests adjacent to the Australian Wet 

Tropics serve as climatic refuges differ from those in other areas. Rather than 

excluding B. dendrobatidis or limiting its prevalence, the high-elevation dry forests 

promote coexistence between frogs and the pathogen. 

 

To better understand how the host-pathogen interaction differs between areas where 

frogs were extirpated and now occur in low abundance (wet sites) and adjacent 

refugial areas where dense frog populations persist (dry sites), I carried out a 

comparative epidemiological study. Despite the wet and dry study sites being less 
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than 1 km apart, the pathogen-susceptible L. nannotis were up to five times more 

abundant in the dry site than in the wet site. The intensities of infections in animals 

positive for B. dendrobatidis did not differ significantly between the sites, however 

chytridiomycosis-induced mortality was only detected in wet environments. Surveys 

carried out over a 15-month period showed that prevalence at the dry forest site 

remained consistently high, significantly higher than at the wet forest site. Also, dry 

forest frog populations remained much denser than wet forest populations. Given the 

very high prevalences of B. dendrobatidis infection occurring at the dry forest site, 

this strongly indicates that infected frogs at this location can tolerate infections for 

extended periods. The suggestion that the environment at the dry forest site leads to 

increased tolerance is supported by my discovery of a population of Litoria lorica a 

short distance downstream. This species was considered a rainforest endemic; it 

disappeared from all known localities in the early 1990s, had not been seen in 18 

years, and was generally thought to be extinct. This newly-discovered population is 

dense and tolerates high prevalences of B. dendrobatidis infection, similar to those of 

dry forest L. nannotis. This discovery also demonstrates that it is essential to look for 

poorly-known species outside the “limits” of their distributions; in this case, it is clear 

that L. lorica is not, as had been thought a rainforest endemic, but is endemic to high 

elevation torrents and waterfalls, rather than the surrounding terrestrial habitat. 

 

To further understand the mechanisms leading to the differences in epidemiological 

patterns between wet and dry habitats, I examined frog behaviour such as 

microhabitat use. In contrast to the wet forest, where L. nannotis use moist rock 

crevices as diurnal retreat sites, most tracked L. nannotis in the dry forest spent the 

day submerged under the water, in fast flowing sections of the stream. This could 

reduce rates of re-infection rates of individuals by flushing zoospores away from the 

frog as they are released, and thus reduce the rate of growth of pathogen populations 

on the hosts. The open canopy at dry forest sites leads to substantial heating of the 

large boulders that form the substrate usually occupied by frogs during nocturnal 

activity. When dry forest frogs emerge from their diurnal aquatic retreat sites at dusk, 

the rocks that they perch on, having been heated in the sun, are dry and substantially 

warmer than the air temperature. This has the potential to control pathogen loads on 

their ventral surfaces, the body region most susceptible to infection. The nocturnal 

perches of wet forest frogs receive little direct sunlight, and are typically moist and 
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cool when frogs emerge, which are conditions conducive to the build up of pathogen 

populations on the ventral surface.   

At present, captive breeding is presumed to be the only viable conservation strategy to 

prevent chytridiomycosis from causing the extinction of many susceptible amphibian 

species. Climatic refuges that exclude the pathogen or enhance the ability of frogs to 

coexist with it, may allow natural amphibian populations to persist and eventually to 

evolve increased resistance and potentially recolonise non-refugial areas from which 

they have been extirpated. Any threat, such as chytridiomycosis, which is most severe 

in the core habitat of many species, can make populations living on the margins of 

species geographic or ecological ranges, vital to species’ persistence. 
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