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Australia’s native amphibians are threatened by a
pathogenic fungus, Batrachochytrium dendrobatidis,
known either as the amphibian chytrid or the amphibian
chytrid fungus, which causes the infection known as
chytridiomycosis. This infection affects amphibians
worldwide. It appears that the amphibian chytrid was
introduced to southeast Queensland in the mid- to
late-1970s, and subsequently spread to occupy a zone
in eastern Australia from Big Tableland in north
Queensland to Melbourne in Victoria. Three other
zones of occurrence have been identified: southwestern
Western Australia, Adelaide, and more recently Tasmania.
A single record from the central Kimberley requires
confirmation, and cannot be regarded as proven at this
time. Other regions appear to be chytridiomycosis-free
although intensity of searching has been too low in
these other regions to provide convincing evidence

of this status.

The effects of chytridiomycosis on amphibian
populations, particularly those in upland eastern
Australia, have been devastating with at least one
population driven to extinction, and threatened species
status of others worsened. Chytridiomycosis has now
been identified in 52 per cent of threatened amphibian
species. The level of the threat and its distribution
could easily increase by movement of infected
amphibians to chytridiomycosis-free areas and
consquent escape of B. dendrobatidis into new wild
amphibian populations. In addition, B. dendrobatidis
can spread independently or with the assistance

of amphibians.

‘Infection of amphibians with chytrid fungus resulting

in chytridiomycosis' is listed as a key threatening process
under the Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act). At the time of listing,
the Australian Government Minister for the Environment
and Heritage determined that having a threat abatement
plan (TAP) was a feasible, effective and efficient way to
abate the process, and directed a nationally coordinated
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TAP be prepared to guide management of the impact of
the amphibian chytrid fungus on Australian amphibians.
The TAP is intended to be brief and convenient to use,
while this background document provides supporting
information on a wide range of amphibian chytrid
fungus issues such as its biology, population dynamics,
its spread, diagnosis, impacts on biodiversity and
management measures.

While eradication of B. dendrobatidis is not possible at
present, well-developed management plans based on
current knowledge can assist in restricting the impact
and spread of known infestations of the amphibian
chytrid and limit spread to new sites.

Reducing its impact will be achieved by implementing
currently available strategies for controlling chytridiomy-
cosis, providing for the development of new techniques,
conducting a national survey to improve understanding
of the extent of the pathogen, and improving
understanding of the pathogen and its effects.
Successful implementation of the plan will result in

the stability of currently infected amphibian

populations and the continuing chytridiomycosis-free
status of amphibians in non-infected regions.

In addressing the conservation of species, the TAP
provides decision support to species recovery plans and
existing state and territory programmes. Action will also

be taken to ensure that B. dendrobatidis does not become




established in important areas, particularly islands, that

are currently free of the pathogen. In addition, there will
be a focus on collecting and disseminating information to
improve our understanding of control and mitigation
methods and their effects on host populations, particularly
in areas that are currently infected and in areas of
manageable size newly identified as infected.

Implementation of the TAP will allow for consolidation
and coordination of the process of managing the
impact on native amphibian populations of infection with
B. dendrobatidis. The main priority is to provide support
for on-ground control programmes that are necessary
for the recovery of threatened species and threatened
amphibian communities. Control programmes will have
to continue for some time and the costs of this will be
considerable. The TAP therefore establishes a framework
for allowing the best possible use of resources that are
available for managing infection of amphibians with the
amphibian chytrid fungus.



21 Amphibian population declines and
association with chytridiomycosis

Dramatic extinctions and declines in Australian frogs
have occurred since the 1970's, mostly in protected
mountainous areas. Of the 214 species of amphibians
described from Australia, 27 are listed as threatened

(15 as endangered, 12 as vulnerable) and 4 as extinct
(DEH 2003). Chytridiomycosis was the cause of extinction
of one species of threatened frog (Table C.2 Appendix C),
suspected to have caused the extinction of the three
other species, and currently is active in 14 of the 27
species listed as threatened (Table C.1 Appendix C).

Of the remaining 13 species no adequate survey for
chytridiomycosis appears to have been done. Although
in many lowland and populated areas habitat loss,
environmental degradation and introduced fish have
reduced the distribution and abundance of amphibians,
these factors are not associated with the disappearance
of highland frogs. Declining frogs are from ten genera
and most are from Queensland, NSW and Victoria.
Lifestyle rather than taxonomy provides the common
links between threatened species. They are mostly
from high altitude areas (>300 m), have significantly
smaller clutch sizes, occupy restricted geographic
ranges, have aquatic tadpoles associated with streams,
and many spend a large proportion of their time in

or adjacent to streams (Williams and Hero 1998,
McDonald and Alford 1999).

Amphibian populations often disappeared or declined
so rapidly that initial events were unobserved, and
studies of the cause of their decline are retrospective.
While some species have become extinct, other species
have recovered or have survived at reduced abundance.
Initially a novel infectious agent was proposed as

the cause of the declines (Laurance et al. 1996, 1997),
but the cause was unknown. Chytridiomycosis was
subsequently proposed as that novel disease

(Berger et al. 1998).

The evidence now available about chytridiomycosis
indicates that it was introduced to Australia and has
spread through amphibian populations since the 1970's.
Factors in the declines in protected areas of Queensland
that are consistent with being caused by the
introduction of chytridiomycosis, a waterborne
infectious disease of high virulence to adults
(but not tadpoles) of some species, and include:
e sudden, severe declines occurred over a few

months at individual sites

e declines were asynchronous and spread as a front
along the east coast of Australia; adults died while
tadpoles survived and metamorphs died when they
subsequently emerged

* no environmental changes were detected
e only stream-dwelling frogs disappeared and

e in one intensively monitored site, mass mortality
was observed at the time of a significant
population decline.

The mass mortality event occurred in 1993 at the
montane rainforest location of Big Tableland in north
Queensland (Fig 1). Sick and dying frogs were collected
for pathological examination and diagnosed with
chytridiomycosis (Berger et al. 1998). These frogs were
of the endangered species Taudactylus acutirostris,




Litoria rheocola and Litoria nannotis. At the time of the
declines, healthy tadpoles of T. acutirostris were collected
to be raised in captivity at the Royal Melbourne Zoo,
however those that metamorphosed died with
chytridiomycosis (Banks and McCracken 2002).

T. acutirostris has since been listed as extinct.

Declines in New South Wales and Victoria are also
associated with chytridiomycosis although the best
data are for Queensland.

Further work on the genetics and epidemiology of
chytridiomycosis (see sections 2.3 and 2.5) supports the
hypothesis that chytridiomycosis has been introduced
and is likely the prime cause of these dramatic amphibian
declines in highland areas, and possibly a contributing
factor in declines of some lowland populations. The most
likely explanation for the appearance of B. dendrobatidis
as an emerging infectious disease of global significance is
the escape of the pathogen from a host and locality

with which it has evolved into novel host species and
environments. The earliest case record is from 1938
from Xenopus laevis in South Africa and epidemiological
data supports that B. dendrobatidis originated in Africa
(Weldon et al. 2004). The first case detected in Australia
occurred in 1978 in southeast Queensland, just before
the populations of the southern gastric brooding frog
(Rheobatrachus silus) and the southern dayfrog
(Taudactylus diurnus) declined and disappeared

(Speare and Berger 2003a).
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Figure 1. Total numbers of four frog species

(Litoria hannotis, Litoria rheocola, Taudactylus acutirostris
and Nyctimystes dayi) along a transect at Big Tableland.
Frogs were collected dying from September 1993 to

January 1994. The graph starts in June 1992 and ends
at April 1998. The precipitous fall in numbers
occurred between 18 August and 29 September 1993.
(Reproduced from McDonald and Alford [19991).

The current epidemiological model is that chytridiomycosis
is an emerging infectious disease that has spread globally
(Daszak et al. 1999, 2003). It has the potential to cause an
epidemic wave of high mortality and morbidity when

first introduced to a chytridiomycosis-free area, and

then becomes established acting as an endemic
pathogen interacting with the local amphibian hosts
having pathological effects modified significantly by
environment, and particularly by temperature.

2.2 Chytridiomycosis, the disease

Chytridiomycosis is due to infection with the amphibian
chytrid fungus, B. dendrobatidis. The skin is the only
organ invaded by the fungus. In a survey of ill and dead
amphibians from eastern Australia between October
1993 and December 2000 chytridiomycosis was the
most common disease in Australian amphibians and was
the cause of death or morbidity for 133 (55.2%) of 241
free-living amphibians and for 66 (58.4%) of 113 captive
amphibians (Berger et al. 2004).

Mortality rates of 100% occurred during natural
outbreaks in captivity and in transmission experiments in
captive frogs of susceptible species (Berger et al. 1998,
Longcore et al. 1999, Berger 2001, Nichols et al. 2001).
Incubation times during experimental exposures with
susceptible species varied from 9 to 76 days, with most
frogs dying between 18 and 48 days post-exposure.
Few survived longer than 48 days. The time till death
varied with fungal dose and fungal strain. However,
infection is not fatal in all species of amphibians, and
apparently healthy amphibians, such as bullfrogs

(Rana catesbeiana), may frequently carry light infections
(Mazzoni 2000, Mazzoni et al. 2003, J. Longcore

unpub data).

The clinical signs of chytridiomycosis are non-specific
and the disease can not be diagnosed clinically.
Laboratory testing is required for diagnosis. Clinical
signs in Australian frogs with chytridiomycosis manifest
in three ways: behaviour change, neurological signs,
and skin lesions. The behavioural signs include lethargy,
inappetence, and sitting unprotected during the day
with hind legs slightly adducted (Berger et al. 1999).
Frogs often change other normal behaviour —
burrowing frogs are found uncovered, and arboreal
frogs are seen sitting on the ground. Frogs in early
stages of becoming symptomatic display some escape
activity and have a fairly rapid righting reflex, but if
turned over two or three times they rapidly become
tired and respond slowly. Frogs become moribund
within two to five days of showing clinical signs and
soon die. Frogs found dead often appear to be sitting
in normal postures as if they died instantaneously and
remained in their final living posture. Others were also
commonly found floating in water (Harry Hines and
Gerry Marantelli, pers comm. 1997).



Skin lesions range from subtle to more obvious changes,
and include darkening and patchy discolouration of skin,
presence of excessive sloughed skin, erosions, and
ulcerations less commonly (Fig 2). Some notable species
variation in the clinical signs occurs. The rainforest frogs
from Big Tableland, northern Queensland predominantly
showed neurological signs; most commonly abnormal
sitting posture with hind legs adducted, lethargy, and
slow response to tactile stimuli (Berger et al. 1999).
When handled, two of these species (L. rheocola and

L. nannotis) became rigid and trembled with extension of
the hindlimbs and flexion of the forelimbs. Many of the
frogs appeared anaemic, with pale muscles and internal
organs. In contrast, individuals of Litoria caerulea often
become intensely hyperaemic on the belly, legs and feet.
Moribund or dead adults of Mixophyes fleayi often have
swollen thighs (Harry Hines, pers comm. 1997).

Although disease induced experimentally had a
moderately long incubation period, frogs were active
and ate normally until they suddenly showed behavioural
changes and died within a few days (Berger 2001).

Even frogs with heavy infections were able to appear
and behave normally until some threshold was reached
where signs of disease appeared. Frogs with severe
clinical signs invariably die.

Most wild frogs found ill or dead with chytridiomycosis
were in reasonable body condition with moderate or
large fat bodies (Berger 2001). Many females were gravid.
Gross pathology of internal organs was generally
unremarkable. Congestion and reddening of organs
occurred in L. caerulea.

In the skin of frogs with chytridiomycosis the
zoosporangia occur most commonly in the layer of
epidermis just below the surface (Fig 3). The keratinised
layer is thickened with an irregular surface. Sloughing of
the epidermis may occur with erosions and ulceration

in severe cases. However, many frogs die with mild
skin changes. There is usually no evidence of a cellular
immune response in the skin.

Changes in internal organs are non-specific. Neurological
signs and death are probably due to absorption of a
toxin secreted by B. dendrobatidis, but the mechanism
has vet to be determined.

Figure 2. Mixophyes fasciolatus in terminal phases of
chytridiomycosis with depressed attitude, half closed eyes

and accumulation of sloughed skin over the body (arrow
head). [Fig 5.2 from Berger 20011 (Scale bar = 5 mm)

Figure 3. Section of skin from a heavily infected adult of
Litoria caerulea. Note immature stage (1), zoosporangium
with discharge tube (D) containing zoospores, and empty
zoosporangium after zoospores have discharged (arrow).
E = epidermis. [Fig 1 from Berger et al. 20001

(Scale: largest zoosporangia are 15 _m in diameter)

2.3 Taxonomy and life cycle of
Batrachochytrium dendrobatidis

B. dendrobatidis is a fungus in the Phylum
Chytridiomycota, Class Chytridiomycetes, Order
Chytridiales having characteristics separating it
from all other chytrid fungi (Longcore et al. 1999).
B. dendrobatidis appears in two main forms;

a spherical sessile zoosporangium (Figs 4-6),
10-40 um in diameter, and a motile, flagellated
zoospore, about 2 um in diameter. The motile
zoospore attaches to the substrate, develops
rhizoids, and becomes a zoosporangium.
Zoospores form within the zoosporangium

and are released into the external environment
via discharge tubes.

Other species within this phylum occur as free-living
saprophytic fungi in water and soil or are parasitic,
for example on plants, algae, nematodes and insects
(Powell 1993). B. dendrobatidis is unique in the
Chytridiomycota in that it invades the skin of
amphibians. Zoosporangia grow in the superficial
keratinised layers of the epithelium only. In frogs

B. dendrobatidis can invade any keratinised epidermis,
but sporangia are most commonly found on the feet




and ventral skin of the body and limbs. Discharge tubes
penetrate through to the surface of the skin and allow
zoospores to escape (Fig 6).

In culture B. dendrobatidis grows slowly at 6°C, develops
most rapidly at 23°C but dies if kept at temperatures
above 29°C (Longcore 2000, Berger 2001, Johnson et al.
2003). In culture, the lifecycle takes about 4-5 days at
room temperature (Longcore et al. 1999).

Electron microscopic studies of the zoospores from
strains collected worldwide did not reveal any significant
differences (Berger et al. 1998, Longcore et al. 1999).
Genetic studies have also shown the population is
homogeneous. Initially, the SSU-rDNA of an infected

L. caerulea from Queensland was sequenced and com-
pared with sequences in GenBank. This demonstrated
that B. dendrobatidis is a chytrid related to Chytridium
confervae (Berger et al. 1998). Initial molecular biological
studies using sequencing of the ITS1 and ITS2 regions
provided confusing data, not consistent with the
epidemiological evidence (Morgan 1999). Multilocus
sequence typing was then used to examine genetic
diversity among fungal strains from North America

(25 strains), Panama (3 strains), Australia (4 strains) and
3 strains isolated from frogs imported from Africa, and
only five variable nucleotide positions were detected
among 10 loci (5918 base pairs) (Morehouse et al. 2003).
These results suggest that B. dendrobatidis is a
widespread, recently emerged clone and support the
epidemiological data showing that chytridiomycosis

has been introduced into many countries from a
common source.

2.4 survival of B. dendrobatidis in
the environment

Once amphibians in a location are found to be infected,
B. dendrobatidis appears to persist in that location
independently of the size of the amphibian population.
For example, in the wet tropics in north Queensland
individual amphibians of L. nannotis or L. rheocola that
move up water bodies from the lowlands to above
approximately 400 metres in altitude are unable to
re-establish populations, and disappear as they did
previously when their populations suddenly declined.

In stable populations once an amphibian has been found
with chytridiomycosis, subsequent infection with

B. dendrobatidis is found in members of that population
if the search effort is adequate (Aplin and Kirkpatrick
2000). A current hypothesis is that B. dendrobatidis
does not depend on amphibians for its existence

and either lives saprophytically or has alternative

hosts (Speare and Berger 2002).

B. dendrobatidis can grow, but may not thrive, on many
different nitrogen sources (Piotrowski et al. 2004) and is
likely to be able to exist and proliferate as a saprobe in
the environment (Longcore et al. 1999). B. dendrobatidis
inoculated into sterile lake water remained infective for
between 6 and 7 weeks (Johnson and Speare 2003).
Optimal pH for growth is 6-7, but B. dendrobatidis can
grow or survive over a wider range of acidities from 5 to
10 consistent with most water bodies (Piotrowski et al.
2004, Johnson and Speare 2005). Additional anecdotal
findings also suggest it can survive and grow as a
saprobe in the absence of frogs. For example, collection
of moss from locations without frogs has apparently
introduced B. dendrobatidis into captive collections

(R. Puschendorf, unpub).

Zoospores of B. dendrobatidis are infective to frogs

and tadpoles (Berger et al. 1999, Nichols et al. 2001).
They can remain motile for over 24 hours (Berger 2001),
with approximately 50% and 5% of zoospores motile
after 18 h and 24 h respectively (Piotrowski et al. 2004).
Zoospores are unwalled and require water for dispersal.
Swimming distance of zoopores is small, less than 2 cm,
suggesting that they are unable to actively swim long
distances to find a host (Piotrowski et al. 2004). This is
the most likely explanation for the clustering of sporan-
gia on the skin of amphibians (Piotrowski et al. 2004).

Although zoospores tolerate a range of osmotic
pressures, they die if transferred directly from distilled
water to full strength TGhL broth (L. Berger, unpub).

In culture B. dendrobatidis tolerates some salinity and
zoospores will encyst and grow in 6.25 mg/ml NaCl
but not in 12.5 mg/ml (Berger 2001).

Sporangia of B. dendrobatidis are relatively fragile.
Resistant resting spores have not been found in
histologically prepared slides of infected skin or during
examination of fresh skin in the process of isolating the
fungus from more than 80 amphibians (Longcore unpub
data). Multi Locus Sequence Typing (MLST) studies
indicate that B. dendrobatidis reproduces clonally,

which supports the lack, or uncommon occurrence,

of a sexually produced resting stage (Morehouse et al.
2003). A 50 mg/ml NaCl solution killed cultures in 5 min
(Berger 2001, Johnson et al. 2003). Cultures of zoospores
and zoosporangia were killed by drying (Johnson et al.
2003) and sporangia die at temperatures above 30°C
(Longcore et al. 1999, Berger 2001, Johnson et al. 2003).



Figure 4. Zoosporangia of Batrachochytrium dendrobatidis
growing in vitro. Note the roughly spherical shape and the
open discharge tubes through which the zoospores escape.
The zoosporangium on the right has two discharge tubes
due to a wall internally which divides it into two. This is
referred to as a colonial thallus. The fine fibres are rhizoids
growing from the zoosporangia. [Fig 4.23 from Berger
20011 (Scale bar =10 _m)

Figure 5. Diagram of the lifecycle of B. dendrobatidis in
culture. After a period of motility, zoospores encyst, resorb
their flagella and form germlings. Rhizoids appear from one
or more areas. Sporangia grow larger and mature over

4-5 days. The sporangia become multinucleate by mitotic
divisions and the entire contents cleave into zoospores
while the discharge tubes form. The discharge tube is
closed by a plug that absorbs water and dissolves when
zoospores are ready to release. Some thalli develop
colonially with thin septa dividing the contents into
multiple sporangia each with their own discharge tube.

A= zoospore, B = germling, C = immature sporangium,

D = monocentric zoosporangium, E = colonial thallus

[Fig 4.31 from Berger (2001)1 (Not to scale).

Figure 6. Surface of the epithelium of a Litoria caerulea
with chytridiomycosis showing discharge tubes of
zoosporangia of B. dendrobatidis emerging from the
surface (arrowheads). Most plugs in the discharge tubes are
still intact; in the inset one plug has disappeared (arrow)
(Fig 2 SEM from Berger et al. [1998]) (Scale bar = 10 _m).

25 Geographic and temporal occurrence
of B. dendrobatidis

Chytridiomycosis has been recorded from Australia,
New Zealand, Europe, Africa, and South, Central and
North America, from a broad range of habitats

(Berger et al. 1999, Mutschmann et al. 2000,

Waldman et al. 2000, Bosch et al. 2001, Fellers et al.
2001, Waldman et al. 2001, Bradley et al. 2002,
Bonaccorso et al. 2003. Surveys of wild African

clawed frogs (Xenopus spp.) by Che Weldon and

Louis Du Prez (Potchefstroom University) both in the
wild and housed in museums in southern Africa have
shown that B. dendrobatidis is widespread in southern
Africa, appears to cause minimal clinical disease and has
been present since at least 1938 (Weldon et al. 2002,
Weldon et al. 2004), providing epidemiological evidence
for the hypothesis proposed by Speare et al. (2001)
that B. dendrobatidis originated in Africa.

In Australia chytridiomycosis has been found in
amphibians from four geographic areas (Figure 7):

a large eastern coast zone extending from Big Tableland
near Cooktown in the north to Melbourne in the south,
an Adelaide zone, a southwest zone which includes the
whole of south west Western Australia to just north of
Perth (Berger 2001, Speare and Berger 2003a, Berger et
al. 2004), and just recently Tasmania (Obendorf 2005).

In eastern Australia cases have occurred at high and low
altitudes on or between the Great Dividing Range and
the coast. These areas generally have lower maximum




temperatures than inland areas and include some of the
wetter areas of Australia. To some extent this distribution
also matches searching intensity. When comprehensive
surveys were performed in Tasmania in 2004-5 after
release of the draft TAP, positive specimens were found
(Obendorf 2005). Surveys for chytridiomycosis in Cape
York, in the Northern Territory and in the Ord region of
Western Australia have been negative (Mendez, Speare,
McDonald and Freeland unpub data). This suggests that
heat and desiccation may limit the spread of chytrid-
iomycosis, as suggested by studies on survival of the
fungus (see section 2.4).

In Australia and New Zealand B. dendrobatidis appeared
suddenly and then expanded its geographic range.
Based on current records (Speare and Berger 2003a),
the Australian epidemic appears to have commenced in
southeast Queensland (SEQ) in the late 1970s (December
1978 is the earliest record) and extended north and
south along the east coast. However, the appearance of
commencing in SEQ may be an artifact of searching,
since intensive monitoring and collecting of amphibians
was occurring in this region; declines in northern NSW
where monitoring was less intense may not have been
detected. Chytridiomycosis in Western Australia appears
to have commenced south of Perth in mid-1985 and
subsequently spread in all directions, currently occurring
over a wide area of southwest Western Australia (Aplin
and Kirkpatrick 2000). The sudden appearance of

B. dendrobatidis has been demonstrated in both
locations of SEQ and southwest WA by retrospective
examination of museum specimens, with 700
amphibians negative prior to the 1985 appearance in WA
and 110 negative prior to the 1978 appearance in SEQ.

The earliest South Australian record is August 1995
in three specimens of Limnodynastes tasmaniensis
from Campbelltown (Berger 2001). From that date
chytridiomycosis was detected in four other species
(see Table B.1 in Appendix B) from Adelaide and

its environs.

One hundred and twenty amphibians tested from
Northern Territory in 1999 were free of chytridiomycosis
(Speare et al. 2001) and prompted a prohibition of
imports of amphibians into Northern Territory by the
Northern Territory National Parks and Wildlife
Commission (Freeland 2000). From the Ord region of
northwest Western Australia, 580 amphibians from

15 species tested negative using histopathology

(R. Speare personal observation 2005).

Figure 7. Distribution of chytridiomycosis in Australia.
From Retallick (2003). This map was generated prior to the

discovery of chytridiomycosis in Tasmania (Obendorf 2005).

2.6 Seasonality and temperature effects

Low temperature tips the balance of the infective
process in favour of the pathogen. In a survey of wild ill
and dead amphibians the incidence of chytridiomycosis
was higher in winter, with 53% of frogs from Queensland
and New South Wales dying in July and August (Fig 8)
(Berger 2001, Berger et al. 2004). Other diseases were
detected mostly in spring and summer. The seasonal
pattern has also been seen in southwest Western
Australia for the motorbike frog, Litoria moorei

(Aplin and Kirkpatrick 2000) and in north Queensland

in wet tropics for L. genimaculata, L. nannotis and

L. rheocola (McDonald et al. 2005) and at Eungella in
Taudactylus eungellensis and Litoria lesueuri (Retallick

et al. 2004). In experimental infections in the laboratory,
lower temperatures enhanced the virulence of chytrid-
iomycosis in Mixophyes fasciolatus. All frogs exposed to
B. dendrobatidis at 17°C and 23°C died, whereas 50% of
frogs exposed at 27°C survived (Berger 2001; Berger et
al. 2004). Infections in survivors were eliminated by

98 days. Woodams et al. (2003) subsequently successfully
eliminated B. dendrobatidis from experimentally infected
Litoria chloris by placing them in an environmental
temperature of 37°C for 16 hours. It is not known if

the effect of temperature on disease and prevalence is
predominantly due to direct results of temperature on
growth of B. dendrobatidis or to a combination of
reduced host immunity or metabolism and increased
fungal growth at colder temperatures.




Although the increased mortality due to chytridiomycosis
in colder months and at lower experimental tempera-
tures generally supports the theory that amphibian
populations at high altitude have disappeared due to
lower temperatures and hence greater susceptibility to
disease, it is difficult to explain how this effect is
consistent over various latitudes. Multiple factors

may be influencing the susceptibility of populations.

The sensitivity of B. dendrobatidis to temperature may
limit its spread and it may not become established or
affect frogs in locations where temperatures are
consistently high.

During severe drought in 2001 no mass mortality
events, as occurred in preceding years, were detected
in Brisbane and environs (H. Hines, pers comm.)

A statistically significant decrease in prevalence of
chytridiomycosis was detected over a five year period

in Litoria genimaculata monitored in the wet tropics
approximately five years after the population crashed
(McDonald et al. 2005). This has been associated with
recovery of these populations to pre-decline levels
suggesting that if a species survives the initial epidemic
wave, selection for innate resistance may naturally occur.
Alternatively, the decrease in prevalence may be due to a
lower than normal rainfall although additional evidence
to support either hypothesis is not available. If selection
for resistance did occur, it would have had to take

place over 3-4 generations, and this is feasible since
chytridiomycosis with its 100% mortality rate can exert

a very high selective force. This highlights a need in
infected populations to maintain a large number of
individuals with sufficient genetic diversity to

allow selection.

Figure 8. Total numbers of ill or dead wild frogs
examined from Queensland and New South Wales
per month, comparing frogs diagnosed with severe
chytridiomycosis with frogs with other diseases.
Includes frogs submitted from October 1993 to
December 2000. [Fig 2 from Berger et al. 20041

2.7 Effects on different species of amphibians

Chytridiomycosis has been found in 49 species of native
amphibians in the wild in Australia (Table B.1 Appendix B).
It has also been found in an additional three native
species in captivity (Table B.1), and in two introduced
amphibians, the cane toad (Bufo marinus) (wild and
captive populations) and the axolotyl (captive).

Of the five amphibian families in the wild in Australia,
chytridiomycosis has been reported in three: Hylidae,
Myobatrachidae and Bufonidae (Table B.3 Appendix B).
The sampling effort on species in Microhylidae and
Ranidae has been very low, so the lack of records may
reflect this rather than a true absence. Globally, chytrid-
iomycosis has been reported in amphibians from two
orders in 19 families, 43 genera and 143 species (Table
D.1 Appendix D). The amphibian chytrid appears capable
of infecting any species of amphibian, but the intensity
of infection and the pathological effects appear to be
strongly dependent on the host species.

Declines have affected amphibian species to various
extents and analysis of the ecology of declining species
compared with non-declining species has shown that
stream-dwelling species with small distributions that are
less fecund are most likely to have declined (Williams and
Hero 1998). However, within this general trend there are
more complex interactions and apparently inherent
differences in susceptibility operating. For example

L. genimaculata, a species sympatric to the now extinct
frog T. acutirostris, declined at the same site at O'Keefe
Creek, Big Tableland at the time other species disap-
peared (McDonald and Alford 1999). However, it did not
apparently suffer such a large mortality rate and the
population has since recovered (McDonald et al. 2005).
Healthy L. peronii have been found during chytrid
outbreaks in other species (Berger 2001). Experimental
data have now shown that the susceptibility of four
species, L. caerulea, L. chloris, M. fasciolatus and
Limnodynastes tasmaniensis, varies when inoculated
under standard conditions (Ardipradja 2001).

B. marinus appears to be a relatively resistant

species (L. Berger, unpub).

28 Effects on tadpoles and eggs

While B. dendrobatidis may cause fatal disease in
post-metamorphic amphibians, it does not appear to
cause mortality in tadpoles and has not been found
growing on €ggs.

When groups of captive spawned tadpoles have
become infected, tadpoles have appeared healthy
but then close to 100% mortality has occurred within
3 weeks of metamorphosis (Berger et al. 1998).




On amphibians, B. dendrobatidis occurs only in
keratinised epithelium. As tadpole skin is not generally
keratinised, the pathogen has a restricted distribution
on tadpoles, although they may remain infected for long
periods (Berger 2001, Lamirande and Nichols 2002).

In early tadpole stages B. dendrobatidis is found in the
mouthparts as this is the only keratinised epithelium
on the body. In later tadpole stages as the tail and feet
become keratinised and the mouthparts are lost,
zoosporangia begin to invade these sites

(Berger 2001, Marantelli et al. 2004).

Tadpoles may be infected at Gosner stage 24-25 (Gosner
1960), usually the first stage after hatching in which
keratinised teeth and jaw sheaths develop. A study in

M. fasciolatus showed that B. dendrobatidis often
occurred on all surfaces of the keratinised jaw sheaths,
but were usually only present on the caudal aspect of
tooth rows (Berger 2001, Marantelli et al. 2004). Heavier
infections were seen on the jaw sheaths. Infection with
B. dendrobatidis also extended caudally from the mouth
a short way along the surfaces of the anterior buccal
cavity. Infection around the mouth was lost when
tadpole mouthparts were shed at stage 42.

The feet were first seen with a light infection with

B. dendrobatidis at stage 42. As the tail resorbed,
sporangia became established over the body by stage
45. The resorbing tails and tail stumps of infected
frogs contained extremely heavy infections with

B. dendrobatidis (Berger 2001, Marantelli et al. 2004).

Infection of embryonic stages appears unlikely, but the
potential of Batrachochytrium to infect egg capsules
needs to be investigated by experimental infection.
These issues are important when assessing the risks of
moving eggs or tadpoles, which is commonly done for
conservation. For example, enhancement of tadpole
survival in endangered frog species has been achieved
by rearing tadpoles in captivity after collection of eggs
from the wild (Hunter et al. 1999). Samples of southern
corroboree frog (Pseudophryne corroboree) tadpoles
raised in this way were sacrificed for testing before the
remainder of the group were released. All 26 tadpoles
tested from 3 release events were negative for
Batrachochytrium by histology (Berger 2001).

B. dendrobatidis has been detected at high prevalence in
free-living tadpoles. B. dendrobatidis occurred in 16 of
24 tadpoles of Rana muscosa in California (Fellers et al.
2001). All infected tadpoles had oral disc abnormalities,
such as misshapen and missing tooth rows, loss of
pigment and flattening of the epithelial cells.

The tadpoles had large fat bodies and appeared

healthy (Fellers et al. 2001). However, Rachowicz (2002)
reports that loss of pigment occurs regularly in colder
months without chytrid infections. Infections with

B. dendrobatidis were found in the mouthparts of

13 of 15 wild tadpoles of Mixophyes sp. from eastern
Queensland (Berger 2001). A sample of tadpoles of
Litoria verreauxii and Litoria peronii were collected
from Watagan State Forest NSW because they appeared
slightly thinner in the abdomen. On examination, the
jaw sheaths had partial missing keratin and some tooth
rows were incomplete. They were diagnosed with
chytrid infection at SPHTM (Anstis 2002 unpub.).

In experimental infections in blue-and-yellow poison dart
frogs (Dendrobates tinctorius), only recently metamor-
phed frogs died while sub-adults and adults became
infected, but did not die (Lamirande and Nichols 2002).
Similarly, mortalities in captive B. marinus occurred
mostly in metamorphs, with few deaths in juveniles

and none in adults kept in the same room (Berger 2001).
In the wild in southeast Queensland, metamorphs are
surviving in areas where 100% of tadpoles are infected,
suggesting that infected individuals can survive through
metamorphosis (Harry Hines, pers comm 2003). However,
in many other species, such as L. caerulea, outbreaks in
the wild cause deaths of adults as well as metamorphs.

2.9 Impact of chytridiomycosis on
wild amphibian populations

Since the amphibian chytrid fungus is a highly virulent
pathogen it has the potential to cause amphibian species
to change threatened species status. Four patterns of
response to the appearance of the amphibian chytrid
have been seen; 1) species extinction, 2) extinction of
local populations, but survival of the species, 3)
population decline and recovery, 4) sporadic deaths.
All populations in which B. dendrobatidis has been
found and which have been intensively studied appear
to show some impact, if at the minimum, occasional
deaths at particular periods. The final balance between
B. dendrobatidis and various frog species cannot

be predicted, but the abundance of frogs may

be permanently reduced.

The amphibian chytrid has now been associated with
amphibian population declines in eastern Australia,
New Zealand, USA, Panama, Ecuador, Venezuela and
Spain. At least one Australian species, T. acutirostris,
was made extinct by the amphibian chytrid. The last
known captive specimen died in Melbourne Zoo from
chytridiomycosis that had been acquired in the wild

in North Queensland as a tadpole. A lone male was
recorded in a tributary of the South Johnstone River in



November 1996 (Marshall 1998), but as no further
sightings were made even after intensive searching,

the species was declared extinct in 1999 (DEH 2003).

A number of species currently listed as ‘extinct’ (DEH
2003), particularly the two species of gastric brooding
frogs (R. silus and Rheobatrachus vitellinus) and the
southern day frog (T. diurnus), may well have been
eliminated by the disease (Berger 2001). However the
frogs had disappeared prior to any knowledge of
chytridiomycosis and specimen numbers in museums
were too small to enable statistically useful samples to
be assessed. Other species which have undergone
population declines with loss of upland populations had
reduction in population numbers (Richards et al. 1993,
McDonald and Alford 1999, Hines et al. 1999, Gillespie and
Hines 1999, Osborne et al. 1999); or had sporadic deaths
associated with chytridiomycosis (Speare 2000a).

291 Species extinction

Extinction is illustrated by the response of the sharp
snouted dayfrog, T. acutirostris. The status of this frog
changed from not listed, to endangered in 1992, to
extinct in 1999. This frog occurred in Queensland only
in a range that extended 310 km in upland wet tropics
from Mt Graham to Big Tableland, just south of
Cooktown (McDonald 1992). Populations were abundant
in all locations, with 50-100 frogs per 100 metre
transect being common (Richards et al. 1993). The first
populations to disappear were in 1990. Populations
then disappeared in a progressively northern direction,
the final population at Big Tableland disappearing by early
1994. The decline of this population was precipitous,
most frogs disappearing over 3 months and survivors
dying over the next 6 months. Chytridiomycosis was
found in wild T. acutirostris as well as being responsible
for the death of adult frogs and metamorphs brought
into captivity in late 1993. The last surviving captive

T. acutirostris was a male that died from chytridiomycosis
at Melbourne Zoo in 1995. Since the causative agent
had not been identified at that time, the therapeutic
measures adopted in captivity were ineffective.
Although a report of a calling male was made in the
field in November 1996 (Marshall 1998), the species

was not found subsequently with intensive searching.

2.9.2 Local extinction, but survival of the species
Several examples are known where chytridiomycosis

has caused local extinctions of populations. Good
examples of this pattern are provided by the upland
wet tropics species, L. nannotis, L. rheocola and N. dayi.
These species followed the same pattern of population
decline as T. acutirostris, with extinction of all upland
populations. However, lowland populations on the same

watercourses persisted. In the lowlands sporadic deaths
occur, but population numbers appear to be stable.
Experimental studies in upland wet tropics rainforest
confirmed high rates of mortality in winter from chytrid-
iomycosis in L. rheocola translocated from lowland sites.
Frogs translocated in summer did not show a pattern of
sudden high mortality and frogs at lowland sites showed
some or no mortality due to chytridiomycosis in summer
and a slight mortality in winter (Retallick and Dwyer
2000). The experimental studies mimicked the natural
events with local extinctions at upland sites and sporadic
deaths at lowland sites (Retallick 2002).

The spotted treefrog, Litoria spenceri, also showed a
similar pattern when a stable population at Bogong
Creek suddenly declined in 1996 and the last frog was
seen in 1999 (Gillespie and Hines 1999; Gillespie and
Marantelli 2000). Chytridiomycosis was a cause of death
in frogs autopsied. The first appearance of the fungus
in a retrospective survey of toe clips was in March 1996,
the last day the frogs were seen in high numbers.

In lowland populations of L. spenceri chytridiomycosis
was present, but the population did not decline.

Chytridiomycosis is probably the cause of the
disappearance of Adelotus brevis from upland areas
of southeastern Queensland and northern New South
Wales, and has resulted in listing of the New England
Tableland population by New South Wales and could
possibly result eventually in national listing of

this species.

Species most likely to become newly listed as a result
of chytridiomycosis are those that occupy habitat in
currently chytridiomycosis-free zones. In particular frog
communities in Cape York Peninsula and the Gulf
Country in Queensland, northwest Western Australia,
the Northern Territory and most of central Australia are
potentially at risk as B. dendrobatidis expands from its
current zones. The susceptibility of individual species is
difficult to predict since we do not know what innate
characteristics correlate with high mortality rates.

293 Population declines, but recovers

At Big Tableland, L. genimaculata, a species sympatric
with T. acutirostris, L. nannotis and L. rheocola, suffered
a sudden decline in numbers at the same time that

T. acutirostris disappeared (Laurance et al. 1996,
McDonald and Alford 1999, McDonald et al 2005).
However, the population of L. genimaculata recovered
to close to former numbers after five years. Occasional
individuals of L. genimaculata are now found ill or dying
from chytridiomycosis, but the prevalence declined
significantly between 1998 and 2002, demonstrating
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that B. dendrobatidis occurs in the environment, but
apparently a balance between L. genimaculata and the
pathogen has been arrived at (McDonald et al. 2005).
As discussed in Section 2.6 this could have been due
to selection for resistance or to a lower rainfall.

2.9.4  Sporadic deaths

A pattern of sporadic deaths due to chytridiomycosis
is seen with many of the species infected by

B. dendrobatidis in Australia (Speare and Berger 2003a).
Once B. dendrobatidis has become established in a
population of amphibians, sporadic death is to be
expected as the minimum impact.

The amphibian chytrid may have a critical impact on any
amphibian population that is infected. Depending on a
complex interaction between the innate characteristics
of individual species, the pathogen and the environment,
including how the species is distributed across a range of
environments, the outcome for a species can range
from extinction of the species as the worst case sce-
nario, to a stable population with sporadic deaths due to
chytridiomycosis. However, the vulnerability of the
apparently stable population to the effect of normal
environmental variations and to abnormal environmental
factors is probably increased.

210 Resistance to infection

Resistance to infection can be due to innate or acquired
immunity. The innate response is a natural response to
microorganisms and depends on the host recognising
them as foreign. It is a response that is non-specific
and not targeted against the particular pathogen.

The acquired immune response is a highly specific
response that uses antibodies and immune cells
targeted against specific antigens of the pathogen.

The acquired immune response relies on previous
exposure to the antigens of the pathogen. The innate
response is usually less effective at protecting the host
than the acquired immune response. In chytridiomycosis
the innate immune response mediated via phagocytic
cells does not occur in most instances. The local
epithelial cells respond to the presence of the
amphibian chytrid, but the phagocytic and vascular
components are missing.

Innate resistance to B. dendrobatidis appears to be
present in some individuals and in some species

(see section 2.7). As abundance of frogs in some areas
is increasing despite the presence of B. dendrobatidis,
this suggests resistance is evolving in these populations.
However, the components of the immune system that
are mobilised against B. dendrobatidis have not been
determined. There is usually negligible cellular

inflammatory response in the dermis of infected frogs.
Antifungal peptides have been hypothesised to play
a protective role.

Although peptides from amphibian skin have fungicidal
activity against B. dendrobatidis in vitro (Berger 2001,
Rollins-Smith et al. 2002), they obviously are not
universally protective for frogs. For example L. caerulea
secretes at least 40 peptides and this species is highly
susceptible to chytridiomycosis. In the study of
distribution of infection in severely infected L. caerulea,
large numbers of sporangia occurred in all areas of
ventral skin examined and very few or no sporangia
occurred on two sites of dorsal skin. Large parotoid
glands occur on dorsal skin behind the tympanum, and
antifungal secretions from these glands or the smaller
dispersed serous glands (which are more abundant in
dorsal skin) may inhibit infection. However, sporangia
were seen growing at the opening of ducts of serous
glands, suggesting secretions are not effective in
stopping infection (Berger 2001). There are major
differences between frog species in the type and
amounts of peptide produced.

Studies on whether immunity can be acquired in
individual frogs have not been reported. However,
when antifungal drugs or heat have been used to
reduce infections to undetectable levels, but not
eliminate infection, disease has been delayed but not
cured except in one instance (Woodhams et al. 2003).
Once treatment stops sporangia can multiply to
pathogenic levels (C. Marantelli, unpub data).

With many other diseases, a large reduction of
pathogen burden enables the host to mount

an effective immune response.

Recovery of amphibian populations possibly may
be assisted by selection for genes that control
innate resistance.

211 Transmission and spread of the pathogen

As B. dendrobatidis does not form a resting stage

and does not survive drying, it appears most likely to

be spread via water or by contact between frogs.

The infective stage of B. dendrobatidis is the zoospore
and transmission requires water. It can spread slowly over
the landscape by natural methods, but movement long
distances such as over oceans and across deserts is most
likely due to human assisted translocation of infected
amphibians or water contaminated with the

amphibian chytrid.



B. dendrobatidis is highly infectious and even low
experimental doses can result in fatal disease in
susceptible species. Frogs can be experimentally
infected by placing them in water containing zoospores.
In one infection experiment an inoculating dose of 100
zoospores caused chytridiomycosis in all 3 M. fasciolatus
while 10 zoospores did not cause disease in another

3 (Berger et al. 1999). Zoospores released from an
infected amphibian enter the water and can potentially
infect other amphibians in the same water. This has
been demonstrated experimentally (Berger et al. 1998),
and it is assumed that the same process occurs in the
natural situation. However, the dynamics of infection

in the wild has not been studied.

B. dendrobatidis appears to spread independently from
infected foci into adjacent areas both along and between
water bodies. In Queensland, Victoria and Western
Australia the apparent rate of spread of chytridiomycosis
has been approximately 100 km per year (Aplin and
Kirkpatrick 2000, Speare 2000a,b). The mechanism of
spread is unknown, but probably involves hormal
movement of individual infected amphibians, water
bodies and surface water possibly during rain.

B. dendrobatidis will grow on feathers and survive
drying of feathers for short periods (Johnson

and Speare 2005).

Since no resting stage of B. dendrobatidis has been
found, the hypothesis is that new, distant zones are
initiated by the escape of the amphibian chytrid from
infected amphibians bought into that area. In the case
of amphibians deliberately moved, infection could be
initiated by release of the infected amphibian or by
release of water containing zoospores (Johnson and
Speare 2003). This hypothesis applies to new infections
in countries and new infections in regions within
countries. Movement of wet soil or other wet material
could also potentially move B. dendrobatidis. However,
there is no evidence as yet that B. dendrobatidis can
survive outside water bodies. Currently, there is no
test to detect the pathogen in the environment

(see Section 2.12).

B. dendrobatidis is known to transmit in water via its
zoospore (Berger et al. 1998; Longcore et al. 1999;
Pessier et al. 1999; Nichols et al. 2001). In theory it

may also transmit by contact (Ross Alford per com).

New foci of infections are probably started by
movement of infected frogs or contaminated water into
a chytridiomycosis-free area. Frogs with chytridiomycosis
have been detected in the scientific trade (Reed et al.
2000; Speare et al. 2001; Parker et al. 2002; Weldon et al.

2004), pet trade (Mutschmann et al. 2000; Speare et al.
2001), food trade (Mazzoni 2000, Mazzoni et al. 2003),
zoo frogs (Nichols et al. 1998) and frogs accidentally
translocated (Marantelli and Hobbs 2000). Administrative
and public action can assist in reducing these methods
of transmission.

Amphibians with chytridiomycosis are not uncommon in
the amphibian pet trade. In Australia, 3 of 6 axolotls were
infected when purchased in Townsville and Perth (Speare
2000a). In Germany over 200 amphibians in the pet trade
have been found to have chytridiomycosis over a
number of years (Mutschmann et al. 2000). Infected
amphibians moved deliberately in the pet trade between
or within countries are risks for bringing chytridiomyco-
sis to new areas. Ensuring amphibians sold as pets or for
collections are free of chytridiomycosis would be an
effective management action.

Similarly, amphibians sold and moved for scientific
studies can be a potential infection risk. Xenopus laevis
and X. tropicalis caught in the wild in Africa and moved
into scientific institutions in South Africa (Speare and
Berger 2003b) and USA (Reed et al. 2000, Parker et al.
2002) respectively have been shown to be infected with
chytridiomycosis. Within Australia the cane toad is the
major amphibian sold for scientific purposes. Regulating
the infection status of amphibians in the scientific trade
within Australia and on imported animals would be a
feasible management strategy.

Amphibians accidentally moved in agricultural produce
also have the potential to move B. dendrobatidis

long distances, either within or between countries.
Native frogs rescued from produce in Melbourne

have been found to be infected with B. dendrobatidis
(Marantelli and Hobbs 2000). Work in banana farms in
North Queensland showed that simple management
practices can limit accidental translocation. The effective
strategies consisted of raising the awareness of
management and workers, safe removal of any
amphibians found on bunches in the sheds by placing
in a bucket with a lid for release in native habitat, and,
after being filled with bananas, placing all cartons in
chillers overnight to limit access of frogs prior to
dispatch (McDonald, Speare and Mendez, unpublished).
Frogs on bananas processed in bath systems generally
leave the hands, enter the water of the bath and can

be collected and placed in a bucket with a top. Frogs on
bananas in wheel-based systems may not so readily leave
the hands. A comparative study should be undertaken to
determine the likelihood of frogs remaining with hands
of bananas in both processing systems.
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Since Australia has no food trade in live amphibians, this
potential route for spread of the amphibian chytrid is
not a risk.

Tadpoles often have a high prevalence of aclinical
chytridiomycosis and should be regarded as a potential
risk. Accidental movement of tadpoles with samples of
aquatic plants in the aquarium or nursery trade has been
noted (Deborah Pergolloti pers com 2004) and could
potentially cause escape of B. dendrobatidis if the
tadpoles, plants or water are released into natural

or artificial water bodies.

Translocation and release of frogs for conservation
purposes is also a potential risk for spread. A useful
management strategy would be setting national
guidelines for release of amphibians from captivity
into the wild.

There is no evidence that scientists working with
amphibians have transmitted chytridiomycosis.
However, scientists working with amphibians are

more likely to have closer contact with amphibians
(and B. dendrobatidis) than other people using the
catchment. Consequently, it is reasonable that scientists
use hygiene protocols when handling frogs. Protocols
to disinfect equipment used for handling frogs and for
equipment immersed in water (see Section 3.3) can be
regulated. The potential also exists to transmit the
chytrid fungus between frogs in infected areas by
handling. Hygiene practices to limit transmission can
be incorporated into permits. People who interact with
water should also be aware of the risk of coming into
contact with the amphibian chytrid and use protocols
to prevent water being moved between catchments.

The theory behind hygiene protocols is that handling
should not increase the risk to individual amphibians
above that provided by the background risk associated
with living in the particular water body. Sterile or aseptic
protocols are not required. Comprehensive protocols
have been developed by several state parks and wildlife
services. National guidelines could be proposed to

unify these.

Chytridiomycosis once established at a geographic
location appears to spread as an epidemic wave

(Dasak et al. 1999, 2003). How this occurs is unknown,
but it may be by movement of infected amphibians,
spread of surface water, or other methods. Much more
needs to be learnt about the natural history of

B. dendrobatidis in the environment. The role played
by human activities in transmission of the amphibian
chytrid in already contaminated areas is unknown.

Determining the relative contributions of human
assisted transmission and natural transmission is
important in implementing policies and protocols.
Policy and strategies based on better evidence
can then be developed.

212 Diagnosis of chytridiomycosis

Chytridiomycosis can only be diagnosed by laboratory
tests (Berger et al. 1998, Berger and Speare 1998,
Berger et al. 1999, Berger et al. 2000, Hyatt et al. 2000,
Hyatt 2003). The clinical signs of chytridiomycosis can
be similar to those of other amphibian diseases, such
as iridoviral infection and bacterial septicaemia (red leg)
(Cunningham et al. 1996), so that laboratory tests are
required to make a diagnosis. Also, healthy frogs may
carry infections. The development of accurate tests
that do not harm the amphibian is important for
increasing the efficacy of quarantine measures.

The following diagnostic tests are available:
e Microscopy

- Direct examination of skin scrapings
- Histology — haematoxylin and eosin (H&E) or silver stain
- Immunoperoxidase

e Enzyme Linked Immunosorbent Assay (ELISA)

e Polymerase Chain Reaction (PCR) — standard
or real-time Tagman

e Culture

Most of the work to date has been done using
microscopy to visualise sporangia (Table 1) (Berger et al.
2000, 2002, Berger 2001). Sensitivity of examination of
unstained skin varies greatly with the experience of the
operator. These routine tests have a high positive
predictive value when used on diseased frogs which have
heavy infections. However, healthy frogs typically have
light infections and only small samples can be obtained
without sacrificing the animal. The immunoperoxidase
stain using polyclonal antibodies against B. dendrobatidis
has greater sensitivity than the histological technique.
Using the immunoperoxidase stain on toeclip samples,
infections in 61.8% of lightly infected frogs were
detected at 19 days post experimental exposure, while
52.7% were detected using H&E staining (Berger et al.
2002). Monoclonal and polyclonal antibodies have been
produced for use in an ELISA, and a real time PCR test
has been developed (Hyatt 2003). The ELISA detects
heavily infected frogs only and is not a useful test

for routine diagnosis (Hyatt 2003).



The realtime PCR is highly sensitive and can detect

B. dendrobatidis within one week of experimental
infection. The real time PCR appears likely to become
the test of choice for healthy frogs (Hyatt 2003;

Boyle et al. 2004). The PCR test can be done on frozen
or ethanol-stored toe samples, or from saline in which
frogs have been immersed. It is a quantitative test,
giving an indication of the levels of infection, and can
detect one zoopospore in a test sample (Boyle et al.
2004). A major advantage of the PCR test is that it

does not involve removal of a toe or destruction of the
amphibian (Hyatt 2003; Boyle et al. 2004). Frogs can be
placed in a weak saline solution for 15 minutes, released
and the sample tested or swabs can be rubbed over the
skin to collect a sample. A standard PCR has also been
developed (Annis et al; 2004), b