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Abstract: Infectious diseases are increasingly recognized as the cause of mass mortality events, population

declines, and the local extirpation of wildlife species. In a number of cases, it has been hypothesized that

pathogens have caused species extinctions in wildlife. However, there is only one definitively proven case of

extinction by infection, and this was in a remnant captive population of a Polynesian tree snail. In this article,

we review the potential involvement of infectious disease in the recent extinction of the sharp-snouted day frog

Taudactylus acutirostris. Our review of available evidence suggests that a virulent pathogen of amphibians,

Batrachochytrium dendrobatidis, caused a rapid, catastrophic decline of this species, from which it did not

recover. We propose that this is the first case of extinction by infection of a free-ranging wildlife species where

disease acted as both the proximate and ultimate cause of extinction. This highlights a probable underreporting

of infectious disease as a cause of biodiversity loss historically and currently.
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INTRODUCTION

The current extinction rate is estimated to be 100–1,000

times greater than the historical norm (Pimm et al., 1995).

This is thought to be largely due to anthropogenic changes

to the environment such as deforestation, species intro-

duction, climate change, and others (Pimm et al., 1995;

Thomas et al., 2004). A number of recent papers have

highlighted the role of infectious disease in biodiversity loss,

citing examples of disease-related mass mortalities and de-

clines of wildlife populations (Woodroffe, 1999; Daszak et

al., 2000; Dobson and Foufopoulos, 2001). These include

the near extinction of the black-footed ferret, the local

extinction of African wild dogs, and global population de-

clines of amphibians (Thorne and Williams, 1988; Ginsberg

et al., 1995). However, infectious diseases have been

hypothesized to be the cause of extinction in only a few

cases, e.g., Hawaiian birds, the thylacine, and indirectly the

eelgrass limpet Lottia alveus (Guiler, 1961; Warner, 1968;
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Van Riper et al., 1986; Carlton et al., 1991; Daszak and

Cunningham, 1999). Furthermore, to date, only one proven

example of a species extinction due to an infectious disease

has been published, that of Partula turgida, a Polynesian tree

snail (Cunningham and Daszak, 1998; Daszak and Cunn-

ingham, 1999). Extinction by infection can occur in three

ways: (1) a pathogen is documented as the cause of declines

in the majority of the populations of a species where such

declines lead to the extinction of the species as a whole; (2) a

pathogen is proven to be responsible for the die-off of the

last remnant group of a species (wild or captive) whereby

the cause of declines in other subpopulations of the same

species may be attributed to some other factor, known or

unknown; and (3) a pathogen is shown to be the likely cause

of death of the last individual of a species, where the prior

declines to the verge of extinction were caused by other or

unknown causes. In the case of P. turgida, the last remnant

group of individuals died in captivity due to infectious

disease but the primary cause of extirpation in the wild was

the introduction of an exotic predator (Coote and Loeve,

2003).

During the past three decades, a number of amphibian

populations have undergone severe declines, some of which

have resulted in extinction (Blaustein and Wake, 1990;

Stuart et al., 2004). In Australia, these declines have led to

40 out of 213 frog species (18.8%) being classified as

threatened; at least four species disappearing from most

upland areas throughout their geographic range; an addi-

tional three species almost entirely disappearing through-

out their historical range; and eight species that can no

longer be found in the wild (Hero and Morrison, 2003). In

Australia and elsewhere, many of these declines have been

causally linked to the emergence of chytridiomycosis, a

disease caused by the recently discovered fungal pathogen

Batrachochytrium dendrobatidis (Berger et al., 1998; Daszak

et al., 2003).

In this article, we examine the available data on the

patterns and cause of the recent extinction of the endemic

Australian frog Taudactylus acutirostris (Figs. 1 and 2). We

investigate whether chytridiomycosis, responsible for the

death of some of the last known individuals, was ultimately

the cause of extinction. The ultimate cause of extinction is

a deterministic factor that reduces the number or size of

local populations to a level where stochastic demographic

and genetic factors drive population dynamics, which then

represent the final and direct, or proximate, cause of

extinction (Soule and Wilcox, 1980; Diamond, 1984;

Wilcox, 1986). We discuss these results in the context of

other recent extinctions of amphibians and the role of

infectious disease in biodiversity loss globally.

RESULTS

Initial Declines

The sharp-snouted day frog T. acutirostris, a conspicuous

inhabitant of upland rain forest streams, was once widely

distributed from Mt. Graham to the Big Tableland in

northern Queensland, an area of approximately 14,000 km2

(McDonald, 1992; Hero and Morrison, 2003) (Fig. 2). The

species started disappearing in the southern part of its

range in the 1980s (Fig. 1). Richards et al. (1993) were able

to locate T. acutirostris at Charmillon Creek in 1980 and

1982 but not in 1984. Similarly, it was found in Danbulla

State Forest in 1984 but was absent in 1989 and 1992

(Richards et al., 1993). By 1988 it had disappeared from

known sites south of the Daintree River (Richards et al.,

1993). In 1989, 48 calling males were recorded along a 100

m stream transect; however, in 1990, only one adult and

several tadpoles were located (Richards et al., 1993).

Mark-recapture studies conducted by McDonald

(1994) revealed striking population crashes of T. acutirostris

Figure 1. Number of T. acutirostris detected in and

along a 100 m long section of stream in upland

tropical rain forest, Big Tableland, northern

Queensland (modified from Laurance et al., 1996).
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at Big Tableland during the 1993 season. In another 1993

study at Big Tableland, sick and dying anurans (including

T. acutirostris) were collected for pathological examination

and tested positive for the chytrid fungus (Berger et al.,

1999).

Fate of the Last Wild and Captive Individuals

At the time of the 1993 declines, healthy tadpoles of

T. acutirostris were collected to be raised in captivity at the

Royal Melbourne Zoo; however, those that metamor-

phosed died (Banks and McCracken, 2002). Diagnostic

examinations revealed chytridiomycosis as the likely cause

of death of these individuals (Berger et al., 1998).

The pattern of declines in Queensland suggested an

infectious agent, and a study to locate and collect

amphibians from northern Queensland was initiated in

1993 to test this hypothesis (Laurance et al., 1996, 1997).

During October 1993, ill or dead sharp-snouted day frogs

were collected for diagnostic pathology examinations

(Berger et al., 1998). They predominantly showed neu-

rological signs, including abnormal sitting posture with

hind legs abducted, lethargy, and slow response to tactile

stimuli (Speare, 1995; Berger et al., 1998). When handled,

frogs became rigid and trembled with extension of the

hindlimbs and flexion of the forelimbs.

Ill or dead frogs were urgently transported from the

rain forest to the laboratory at James Cook University,

Townsville, where detailed necropsies were performed the

same day. Thorough diagnostic examinations, including

histopathology, bacterial and viral cultures, and electron

microscopy, did not reveal any pathogens except the novel

amphibian chytrid fungus (Berger et al., 1998). It infected

the superficial skin, causing hyperkeratosis and hyperplasia

(Fig. 3). At this time, the fungus was new to science and its

significance unknown. However, studies of mortality in

other amphibian populations in Australia soon provided

evidence that this unusual fungus was lethal to frogs

(Berger et al., 1998, 1999) and a transmission experiment

confirmed that it could cause a high mortality rate (Berger

et al., 1998).

The last known sightings of T. acutirostris are of a

single individual in a small tributary of the South Johnstone

River in 1996 (Marshall, 1998) and of a gravid female near

Mt. Hartley in 1997 (Hero et al., 1998). Apart from these

two individuals, T. acutirostris has not been recorded

during extensive searches of suitable, known sites from the

previous range of this species between 1994 and 2004 (Hero

and McDonald, personal communication). The species is

listed as critically endangered and presumed extinct (IUCN,

2004; McDonald et al., 2004).

DISCUSSION

Previous authors have hypothesized infectious diseases as a

cause of biological extinctions (Guiler, 1961; Warner, 1968;

Van Riper et al., 1986; Carlton et al., 1991; Daszak and

Cunningham, 1999). Linking infectious disease to extinc-

tion requires collection of population data from the last

remnant group of an extinct species and pathological

examination of some of these individuals (MacPhee and

Marx, 1997). Investigations on archival specimens of his-

toric extinctions are difficult due to insufficient specimens

or samples or lack of adequate fixation or storage. Fur-

thermore, knowledge of diseases of the majority of wildlife

species is poor. For these reasons, there have been few

concerted efforts to study the pathology of historically ex-

tinct species.

In the case of T. acutirostris, population surveys doc-

umented its decline to extinction at the Big Tableland site.

Concurrent pathological examinations on these declining

populations, including individuals from the last significant

free-living remnant population, demonstrated chytridi-

omycosis as the probable cause of death. While chytridi-

omycosis may have been responsible for extirpation of this

species throughout its range, the absence of pathological

evidence from other sites does not allow us to make this

statement with certainty. However, these data, in addition

Figure 2. A photograph of T. acutirostris from the last remnant

population prior to the collection of chytridiomycosis-positive

individuals. (Photograph by S. J. Richards.)
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to lack of recovery and the subsequent finding of only two

live individuals, indicate that chytridiomycosis was

responsible for the decline and extinction of the last sub-

population of this species. This fits with the first criterion

for extinction by infection listed above and suggests that

infectious disease acted as the proximate and likely ultimate

cause of extinction of T. acutirostris.

In Australia, little evidence has been provided for

alternative hypotheses relating to amphibian declines such

as increases in ultraviolet B radiation, climate change, and

anthropogenic pollution within the former range of

T. acutirostris (Richards et al., 1993; Laurance et al., 1996;

Broomhall et al., 2000). Richards et al. (1993) found no

evidence that drought, floods, habitat destruction, or deg-

radation in water quality were responsible for amphibian

declines in northern Queensland. The Big Tableland area,

for example, has been mined since 1887 and was logged up

until 1963. It is in this same area that T. acutirostris was at

its highest density between 1991 and 1992 (Richards et al.,

1993).

In Australia, declining amphibian species tend to have

low fecundity, specialized habitat requirements, reproduc-

tion associated with streams, and montane distributions

(Williams and Hero, 1998; Berger et al., 1999). These

conditions may predispose species to heightened impact of

B. dendrobatidis, a pathogen which has biological traits

including high growth rates at relatively cool temperatures

and a probable facultative parasitic nature (Daszak et al.,

2003).

Models of host-pathogen dynamics predict that

pathogens which rapidly deplete host populations in a

density-dependent manner will reduce populations to a

threshold density below which transmission is not possible

(McCallum and Dobson, 1995). This occurs because the

remnant host population is now composed of immune

individuals or is so sparsely distributed that contact rates

do not allow sufficient rates of transmission to maintain

viability of the pathogen population. The presence of res-

ervoir hosts may allow pathogens to evade threshold den-

sity (McCallum and Dobson, 1995). Previous authors have

hypothesized that introduction of B. dendrobatidis in var-

ious areas may result from an invasive exotic host reservoir.

None has so far been identified at these sites. However, 33

nondeclining species of amphibian occur throughout

Australia (Hero and Morrison, 2003) and it is possible

that one of these could have acted as the reservoir host for

B. dendrobatidis providing a mechanism by which it could

drive its host to extinction. Alternatively T. acutirostris

larvae (which do not die from infection) or free-living

saprobic populations of B. dendrobatidis, could have pro-

vided a mechanism for extinction by infection.

The IUCN classifies a taxon as extinct when there is no

reasonable doubt that the last individual has died. In

addition, a taxon is presumed extinct when exhaustive

surveys in known and expected habitat, at appropriate

times (diurnal, seasonal, annual), throughout its historic

range have failed to record an individual (surveys should be

over a time frame appropriate to the taxon’s life cycle and

life form). In 2001, the status of T. acutirostris was assessed

and subsequently listed as critically endangered by the

IUCN Red List of Threatened Species as part of the Global

Amphibian Assessment 2004. The IUCN assessment for

T. acutirostris is conservative, and the status is likely to

change to extinct within 10 years.

Figure 3. Micrograph of a hematoxylin and

eosin-stained histological slide of formalin-fixed

tissue of an individual of T. acutirostris from the

last remnant wild population. This micrograph

clearly shows keratinaceous epithelial cells on the

surface of the skin infected with B. dendrobatidis,

the causative agent of amphibian chytridiomy-

cosis. The hyperkeratosis and hyperplasia associ-

ated with this infection were cited as the cause of

death by the veterinary pathologist investigating

this case (Berger and Speare, personal commu-

nication).
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The extinction of T. acutirostris appears to be part of the

global emergence of B. dendrobatidis that has been associ-

ated with declines in Australasia (Berger et al., 1998;

Waldman et al., 2001), Africa (Weldon, 2002; Hopkins and

Channing, 2003; Lane et al., 2003; Weldon et al., 2004),

Spain (Bosch et al., 2001), Europe (Garner et al., 2005; Si-

moncelli et al., 2005), and the Americas (Fellers et al., 2001;

Young et al., 2001; Ron et al., 2003). In Australia, seven

additional species can no longer be found in the wild (Hero

and Morrison, 2003), including three species now extinct

(the southern gastric brooding frog Rheobatrachus silus last

seen in 1982, the northern gastric brooding frog Rheoba-

trachus vitellinus last seen in 1985, and the southern day frog

Taudactylus diurnus last seen in 1979) and four critically

endangered species (the armored mist frog Litoria lorica last

seen in 1991, the mountain mist frog Litoria nyakalensis last

seen in 1990, the peppered tree frog Litoria piperata last seen

in 1973, and the yellow-spotted tree frog Litoria castanea last

seen in 1975). While chytridiomycosis is suspected to have

contributed to the disappearances of these species, its role in

their extinctions cannot be confirmed. In the case of

T. zacutirostris, the pathological evidence available for the

last known wild and captive populations allows us to assess

the role of B. dendrobatidis in its extinction. Such data do

not exist for the above species.

Our review of the extinction of T. acutirostris rep-

resents the first well-supported case of extinction by

infection in a free-ranging wildlife species. Here, an

infectious disease appears to have acted as the proximate

and the ultimate cause of extinction (Wilcox, 1986).

However, logistical, technical, and other difficulties in-

volved in assessing the role of pathogens in extinctions

remain significant. For these reasons, infectious diseases

are likely an underestimated cause of historical and

present biodiversity loss. Continued expansion of the

anthropogenic environmental factors responsible for

emerging wildlife diseases suggests that their involvement

in future biodiversity will also expand. For these reasons,

the development of new integrated approaches to eco-

system health and wildlife medicine will likely become

standard tools for conservation biology (Aguirre, 2002;

Weinhold, 2003).
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