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Abstract

The chytrid fungus Batrachochytrium dendrobatidis has been implicated as the

causative agent of mass mortalities, population declines and the extinctions of

amphibian species worldwide. Although several studies have shown that the

prevalence of chytridiomycosis (the disease caused by the fungus) increases in

cooler months, the magnitude and timing of these seasonal fluctuations have yet to

be accurately quantified. We conducted disease sampling in a single population of

stony creek frogs Litoria wilcoxii on 13 occasions over a 21-month period and used

quantitative real-time polymerase chain reaction to detect and quantify the

number of B. dendrobatidis zoospores present on samples. Disease prevalence

varied significantly across sampling sessions, peaking at 58.3% (in early spring)

and dropping to as low as 0% on two occasions (late summer and early autumn).

There was a significant negative relationship between disease prevalence and mean

air temperature in the 30 days prior to sampling. These large-scale seasonal

fluctuations in chytridiomycosis levels will strongly influence conservation pro-

grams and amphibian disease research.

Introduction

Chytridiomycosis is a potentially lethal skin infection of

amphibians caused by the chytrid fungus Batrachochytrium

dendrobatidis. This emerging infectious disease is known to

affect at least 200 amphibian species worldwide (Speare &

Berger, 2004; updated with recently published accounts) and

is associated with population declines and mass-mortality

events on several continents (Berger et al., 1998; Lips, 1999;

Bosch, Martı́nez-Solano & Garcı́a-Parı́s, 2001; Weldon &

du Preez, 2004; La Marca et al., 2005), making it an

important factor in the current global biodiversity crisis

(Daszak et al., 1999; Daszak, Cunningham & Hyatt, 2000).

The last known individuals of Taudactylus acutirostris and

Eleutherodactylus karlschmidti were found infected with

B. dendrobatidis (Daszak, Cunningham & Hyatt, 2003;

Burrowes, Joglar & Green, 2004), highlighting the poten-

tially devastating effects that chytridiomycosis may have on

amphibian populations.

Batrachochytrium dendrobatidis, the only member of its

phylum (Chytridiomycota) known to parasitize vertebrates,

infects the heavily keratinized stratum corneum and stratum

granulosum of the amphibian’s pelvic patch, digits and

ventral body, and the keratinized mouthparts of tadpoles.

Associated epidermal changes include irregular cell loss,

hyperkeratosis and excessive sloughing of the skin (Berger

et al., 1998). Fungal strains collected from infected amphi-

bians in disparate regions of the world show low genetic

variation (Morehouse et al., 2003), and several studies point

toward a sudden appearance of B. dendrobatidis in Australia

(Aplin & Kirkpatrick, 2000), Central America (Lips, Green

& Papendick, 2003; Lips et al., 2006) and North America

(Ouellet et al., 2005), suggesting the fungus has been

introduced to many regions via anthropogenic means.

Likely vectors for transcontinental introductions of the

disease are infected amphibians involved in the global food

trade (Mazzoni et al., 2003), pet trade (Aplin & Kirkpatrick,

1999), zoo trade (Pessier et al., 1999) and laboratory animal

trade (Parker et al., 2002).

Numerous laboratory studies have explored the thermal

preferences of B. dendrobatidis, and there now exists a large

body of experimental evidence pointing toward the fungus

favoring cooler temperatures. For instance, Longcore,

Pessier & Nichols (1999) found that B. dendrobatidis could

grow in vitro at temperatures between 6 and 28 1C. Cultures

at 29 1C failed to achieve substantial growth; however, at

23 1C growth was renewed. Although the fungus can survive

freezing, it is killed within 96 h at 32 1C and within 4 h at

37 1C (Johnson et al., 2003). In live frogs, experiments have

demonstrated that the pathogenicity of B. dendrobatidis

decreases above 23 1C: 100% (n=16) of experimentally

infected great barred frog Mixophyes fasciolatus juveniles

held at 17 or 23 1C died, whereas only 50% (n=8) of

individuals held at 27 1C died (Berger et al., 2004). In a

similar experiment, captive-bred blue-and-yellow poison

dart frog Dendrobates tinctorius larvae were experimentally
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infected; tadpoles raised at 25 1C tended to live longer

(1–23 days) after metamorphosis than did those raised at

23 1C (0–15 days; Lamirande & Nichols, 2002). At the more

extreme end of the spectrum, infected Litoria chloris held at

37 1C for 16 h were completely cured of infection (Woodhams,

Alford & Marantelli, 2003). As the immune defenses of

amphibians decrease with corresponding decreases in tem-

perature (Mattute et al., 2000; Rollins-Smith et al., 2002),

frogs are likely more susceptible to chytridiomycosis at the

temperatures at which the chytrid fungus reaches its highest

pathogenicity.

Temperatures change dramatically across seasons, alti-

tudes and latitudes; therefore, the thermal restrictions on

B. dendrobatidis and the amphibian immune system have

important implications for the host–parasite ecology of the

disease and the effect of chytridiomycosis on wild amphi-

bian populations. Herein we examine the potentially seaso-

nal nature of chytridiomycosis in wild frog populations.

The results of past disease surveys of wild amphibian

populations suggest that the prevalence of chytridiomycosis

is higher in cooler months, as would be expected based on

the findings of the above-mentioned laboratory studies. For

example, surveys of apparently healthy frogs in Western

Australia (Aplin & Kirkpatrick, 2000) and North Queens-

land (Retallick, McCallum & Speare, 2004; McDonald

et al., 2005; Woodhams & Alford, 2005) found a signifi-

cantly higher prevalence of chytridiomycosis in the winter

months of June, July and August. Similarly, Berger et al.

(2004) examined dead and dying frogs from New South

Wales and Queensland and determined that 53% (n=241)

of the chytridiomycosis-related deaths took place in the

winter months of July and August. This trend is not

restricted to Australia: in three separate years, Bradley

et al. (2002) witnessed winter die-offs of Rana yavapaiensis,

Rana chiricahuensis and Hyla arenicolor at multiple sites in

southern Arizona, and Ouellet et al. (2005) found lower

chytrid prevalence in Quebec in the summer months.

However, Green, Converse & Schrader (2002) found no

seasonality in chytridiomycosis epizootics, with seven North

American morbidity and mortality events beginning in

6 different months (January, May, July, August, September

and November). This conflicting result highlights our need

to clarify the potentially seasonal nature of the disease. To

date, the majority of chytridiomycosis field studies have

used survey methodologies that lacked rigorous experimen-

tal design and were generally restricted to opportunistic

sampling across a broad range of species, age classes,

altitudes, latitudes, habitat types, seasons and years. Con-

founding between these various causal factors impedes our

ability to disentangle their relative effects (Yoccoz, Nichols

& Boulinier, 2001), and thus it has been difficult to quantify

the effects of season on the prevalence of chytridiomycosis

in wild amphibian populations. Further, all of the above-

mentioned studies utilized histological diagnosis of chytri-

diomycosis, the sensitivity of which has been shown to be

low (Kriger et al., 2006). In this study, we utilize highly

sensitive molecular diagnostic techniques to examine the

seasonal variation in the prevalence and severity of chytri-

diomycosis in a single population of stony creek frogs

Litoria wilcoxii in the Numinbah Valley in south-east

Queensland, Australia.

Methods

Study species

The stony creek frog L. wilcoxii (Anura: Hylidae; formerly

Litoria lesueuri) is one of the most common frogs found

along streams in eastern Australia. The species is nocturnal,

sexually dichromatic (breeding males have a conspicuous

yellow coloration) and sexually dimorphic (females are

often four times heavier and 50% longer than males).

Breeding males aggregate along rocky sections of the stream

at night in the spring and summer months. The species is

most common along streams running through open forest or

farmland, but is also regularly encountered in closed rain-

forest. There is little evidence of any population decline in

Litoria wilcoxii in recent decades, even in locations where

sympatric species have disappeared (Gillespie & Hines,

1999). It has a very large geographical distribution, covering

much of the eastern seaboard of Australia (Donnellan &

Mahony, 2004), and has been implicated as a reservoir host

for chytridiomycosis that may serve to maintain and spread

the infection throughout the region (Retallick et al., 2004).

We thus consider it an ideal focal species for this study, as the

epizootiology of the disease in this species may have wide-

ranging effects on many species across eastern Australia.

Study site

Frogs were sampled along a 1 km stretch of the Nerang

River (28.1771S, 153.2281E, 155m altitude) in Numinbah

Valley, south-east Queensland, Australia. The site is on

private property and encompasses both forested areas and

cleared areas where cattle graze and utilize the riparian zone.

The site supports a diverse amphibian assemblage that

includes Adelotus brevis, Limnodynastes peronii, Litoria

peronii, Litoria pearsoniana, Litoria latopalmata, Litoria

gracilenta, Mixophyes fasciolatus, the endangered Mixo-

phyes iteratus and the introduced Bufo marinus.

Field methods

Sampling took place at c. 6-week intervals between 13 April

2004 and 14 January 2006. Litoria wilcoxii were captured

using clean, unused 20� 25 cm plastic bags. We sampled

each frog for chytridiomycosis by firmly running a cotton

swab (Kriger et al., 2006) 10 times over (1) the frog’s dorsal

surface, (2) each of the frog’s sides, from groin to armpit,

(3) the ventral surface and (4) the undersides of each thigh.

Additionally, five outward strokes of the swab were used on

the undersides of each frog’s feet, for a total of 70 strokes.

Swabs were then replaced in their original container and

were frozen at �20 1C upon return from the field (within 8 h

of sampling). All frogs were handled with unused non-

powdered latex gloves so as to prevent disease transmission
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between animals. The snout–vent length of all frogs was

measured to the nearest 0.1mm using vernier calipers.

Sampling was biased toward adult male frogs, as they

tend to be most abundant at the stream, although females

and juveniles were sampled opportunistically. We attempted

to capture 30 frogs at each sampling session, but winter

sample sizes were small due to the difficulty in finding

animals. The recapture rate of individual frogs between

sampling sessions was very low (12%), and thus we treated

each sampling session as independent.

We used a Thermochron iButton DS1921G temperature

logger (Dallas Semiconductor, sourced from Alfatek, Bays-

water, Victoria, Australia) to record air temperature at the

site every 90min. The temperature logger was placed at

ground level in a shaded area�10m from the river’s edge, so

as to best approximate the temperature in a frog’s diurnal

refugium. The Nerang River regularly experiences large

floods, making our attempts to secure a data logger in the

river unsuccessful. Thus, water temperature was manually

recorded at the start and end of each sampling session

(roughly 19:00 and 24:00 h). Rainfall data were obtained

from the Bureau of Meteorology weather station at Hinze

Dam (28.0481E, 153.2881S, 110m altitude), 15.5 km north

of the study site.

Laboratory methods

Swabs were analyzed for the presence of B. dendrobatidis

using established quantitative (real-time) polymerase chain

reaction (qPCR) techniques (Boyle et al., 2004) and the

changes described by Kriger, Hero & Ashton (2006).

Data analysis

Disease prevalence during each sampling period was calcu-

lated by dividing the number of positive frogs by the total

number of frogs sampled. Quantitation of chytrid zoospores

on infected frogs is given as the mean value of B. dendroba-

tidis genome equivalents detected in the three replicates of

the triplicate PCR analysis. We use this number as an index

of the severity of a frog’s infection (parasite load). As the

number of zoospores detected varied over five orders of

magnitude, data were log transformed before statistical

analyses, and geometric means were used as required. We

used logistic regression to determine whether snout–vent

length was related to an adult male frog’s disease status.

As daily temperatures can fluctuate greatly, we used

the mean of the 480 temperature recordings in the 30 days

before a sampling session to represent temperature for that

session (hereafter referred to as 30-day air temperature).

Similarly, we used the total accumulated rainfall in the

30 days before a sampling session (30-day rainfall) to repre-

sent the precipitation for that session. The life cycle of

B. dendrobatidis is 4–5 days (Berger et al., 2005), and a single

chytrid zoosporangium can produce up to 150 zoospores

(Annis et al., 2004). Thus, 30 days should be ample time for

chytrid population numbers to track climatic changes and to

significantly affect disease prevalence at a site. Furthermore,

it encompasses the timeframe in which experimentally

infected laboratory frogs often develop clinical/lethal infec-

tions (Nichols et al., 2001; Daszak et al., 2004). We used the

mean of the two water temperature measurements taken on

the night of sampling to represent water temperature for a

given sampling session; this likely underestimates the true

mean water temperature, as daytime temperatures are not

accounted for. We used logistic regression to determine the

relationships between the independent variables air tem-

perature, water temperature and rainfall, and the likelihood

of an individual frog being infected with chytridiomycosis.

We used linear regression to determine the relationship

between climatic variables and the number of zoospores

detected on infected frogs.

As the response of juvenile frogs to chytrid infections can

differ from that of adults (juveniles are more likely to

succumb to infections; Lamirande & Nichols, 2002), and as

sample sizes in juveniles were low, we restricted all statistical

analyses to adult frogs.

Results

Batrachochytrium dendrobatidis was detected on 24.1% of

the 319 L. wilcoxii sampled during this study. Disease levels

varied significantly across seasons, with the winter and early

spring months supporting the highest infection prevalence

(Table 1; Fig. 1). This trend was repeated in multiple years.

Prevalence during sampling periods ranged from as high as

58.3% (11 October 2005) to as low as 0% on two occasions

(13 April 2004 and 12 March 2005). Although it is not

possible to conclude that disease was completely absent

from the population during these latter two sampling

sessions, we can say with 95% confidence that prevalence

was as low as 14.3% (DiGiacomo & Koepsell, 1986), and

this difference is highly significant (w21,0.05=10.6; P=0.001).

The most striking shift in prevalence occurred in late 2005,

when prevalence dropped from 58.3 to 7.9% over a 54-day

period (from 11 October to 4 December).

The mean air temperature during the study was 17.8 1C

(range=2.5–33.5 1C, SD=5.0), a value considered optimal

for the growth of B. dendrobatidis (Longcore et al., 1999;

Piotrowski, Annis & Longcore, 2004). Disease prevalence

was inversely related to 30-day air temperature: all six

sampling sessions with 30-day air temperatures above

19.4 1C had a prevalence less than 14%, whereas six of seven

sampling sessions with 30-day air temperatures less than

19.4 1C had a prevalence greater than 38% (Table 1; Fig. 2).

This negative relationship between 30-day air temperature

and the likelihood of a frog being infected was highly

significant (Wald=37.2, Po0.000001, r2=0.126), as were

the negative relationships between 30-day rainfall and the

likelihood of a frog being infected (Wald=15.6,

P=0.00008, r2=0.056; Table 1), and between water tem-

perature and the likelihood of a frog being infected

(Wald=13.3, Po0.0003, r2=0.041; Table 1). The signifi-

cant correlation between the three independent variables

precluded their inclusion in multiple logistic regression, due

to the colinearity effect.
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We found B. dendrobatidis on 28.0% of males sampled

(n=268) and on 14.3% of juveniles (n=14). We did not

find the fungus on any of the 37 female frogs we sampled.

The difference in infection levels between males and females

is significant (w21,0.05=13.9, P=0.002) though only six of

the 37 females were sampled during the cooler sampling

sessions (when 30-day air temperatures were below 19.4 1C).

There was no relationship between an adult male frog’s

snout–vent length and its disease status (Wald=0.02,

P=0.89).

The number of chytrid zoospores detected on infected

frogs ranged from 2 to 235 287 (arithmetic mean=9504;

median=272; geometric mean=295). The negative rela-

tionship between 30-day air temperature and the number of

zoospores found on infected frogs was significant

(P=0.011, r2=0.085, n=75; Fig. 3), as were the negative

relationships between water temperature and the number of

zoospores on infected frogs (P=0.034, r2=0.060, n=75)

and between 30-day rainfall and the number of zoospores

on infected frogs (P=0.002, r2=0.126, n=75). Although

there was a great deal of variation within sampling sessions,

maximum infection levels during summer were orders

of magnitude lower than those from other seasons. The

17 most infected frogs were caught outside the summer

months, and the only three frogs yielding over 100 000

zoospores were sampled in September, October and early

November. One of these frogs (100 489 zoospores, sampled

3 November 2004) was discolored, anorexic and had lost its
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Table 1 Prevalence of chytridiomycosis and number of Batrachochytrium dendrobatidis zoospores on adult Litoria wilcoxii in Numinbah Valley,

and relevant climatic variables

Season Date n

Prevalence

(%) Zoospores

30-day air

temperature ( 1C)

Water

temperature ( 1C)

30-day

rainfall (mm)

Autumn 13-Apr-04 11 0 0 19.5 19.1 67

Spring 24-Sep-04 30 46.7 96 14.7 17.5 37

Spring 3-Nov-04 30 46.7 74 19.2 22.0 126

Summer 22-Dec-04 30 13.3 170 20.1 22.3 185

Summer 10-Feb-05 27 3.7 100 22.2 23.0 108

Summer 12-Mar-05 21 0 0 21.0 21.0 23

Autumn 29-Apr-05 21 9.5 794 18.0 17.5 52

Autumn 20-May-05 1 100 12 462 15.8 14.0 50

Winter 4-Aug-05 2 50.0 1995 12.3 14.3 9

Winter 8-Sep-05 26 38.5 372 12.6 15.8 18

Spring 11-Oct-05 36 58.3 955 15.9 20.0 17

Spring 4-Dec-05 38 7.9 11 19.5 21.2 160

Summer 14-Jan-06 32 12.5 65 22.4 23.5 129

Zoospores expressed as the geometric mean of all infected frogs at a sampling session.
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Figure 2 Prevalence of chytridiomycosis in adult Litoria wilcoxii in

Numinbah Valley, and mean air temperature for the 30 days before samp-

ling. Bars represent standard error based on a binomial distribution.

Sample size shown in parentheses.
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righting reflex, representing the sole dead or dying frog

sighted during our study. All other frogs sighted during the

study lacked clinical signs of infection.

Discussion

Seasonal variation in disease prevalence is common in both

humans and wildlife (Hosseini, Dhondt & Dobson, 2004;

Comrie, 2005; Pascual & Dobson, 2005), and may be due to

a variety of factors, including thermal requirements of the

parasite, changes in host immunity over time, or variation in

the density and abundance of intermediate hosts (Van Riper

et al., 1986; Schauber & Ostfeld, 2002; Hosseini et al., 2004).

We have demonstrated that the prevalence of chytridiomy-

cosis in a single frog population can vary dramatically

throughout the year, with disease levels closely tracking

climatic changes. Peak disease levels at our site were

recorded when mean air temperatures fell below 19.4 1C,

and levels were still high at 12.3 1C, the coolest mean

temperature experienced during our sampling. These results

closely parallel laboratory studies, in which B. dendrobatidis

grows best and is most pathogenic to frogs in cool condi-

tions (Longcore et al., 1999; Lamirande & Nichols, 2002;

Berger et al., 2004; Piotrowski et al., 2004). It also concurs

with the results of several field studies (Aplin & Kirkpatrick,

2000; Bradley et al., 2002; Woodhams & Alford, 2005).

Disease levels in adults of our study population varied

from as high as 58.3% (one of the highest chytrid preva-

lences ever reported for a wild amphibian population) in

springtime to as low as 0% at two sampling sessions, one in

late summer and one in early autumn. This was unexpected,

and has important implications for amphibian disease

researchers. First, many surveys are currently being planned

to determine the presence or absence of B. dendrobatidis

across large geographical areas. Those designing protocols

for these surveys can reduce the number of samples required

(and therefore costs) by ensuring that sampling takes place

at the time of year when disease prevalence is at its

maximum (DiGiacomo & Koepsell, 1986). Furthermore,

sampling at a time of year when disease levels are at their

lowest could result in a researcher falsely concluding that a

location is free of disease. We therefore recommend that

these chytrid surveys take place when mean air temperatures

are between 12 and 19 1C, and chytrid infections are most

likely to be detected. It is currently unknown how disease

prevalence is affected by temperatures less than 12 1C.

The findings of our study also imply that the results of

past chytrid surveys that have taken place in the warmer

months may not be comparable with those that have taken

place in cooler months, as surveys undertaken at times when

temperatures did not coincide with growth optima of

B. dendrobatidis may have severely underestimated the

potential prevalence of disease in the sampled populations

or failed to detect the disease altogether, even though it was

present.

Captive-breeding programs rely on accurate knowledge

regarding the disease status of potential release sites for

endangered captive-bred animals (Viggers, Lindenmayer &

Spratt, 1993). If captive-breeding programs are unable to

find a chytrid-free location for the capture or release of

amphibians, we recommend that efforts to capture disease-

free individuals take place when average temperatures

exceed 20 1C, in order to minimize the chance of bringing

infected individuals into captivity. The release of healthy

captive-bred individuals into the wild should also focus on

the warmest months, although the precise date of release

needs to be weighed against the potentially decreased

probabilities that an individual released late in the season

will reproduce or will have had adequate time to acclimatize

to the wild in order to survive a winter.

It is unclear how general the seasonal disease pattern we

have documented is across species, altitudes and latitudes.

Pounds et al. (2006) found a significant relationship between

warm years and the extinctions of high-altitude harlequin

frogs (Bufonidae: Atelopus) in Latin America, and hypothe-

sized that contemporary climate warming had created

(rather than diminished) thermally optimal conditions for

B. dendrobatidis. While our finding that the prevalence and

severity of chytridiomycosis increase at cooler temperatures

may initially appear to contradict the findings of Pounds

et al. (2006), the two studies can be reconciled by viewing

them in an altitude-dependent context. At low altitudes,

B. dendrobatidis growth is probably limited by high summer

temperatures, which in many subtropical and tropical re-

gions should reach levels lethal to the chytrid fungus (hence

the lack of extinctions in low-altitude harlequin frogs).

We can expect that global warming will further reduce the

impacts of chytridiomycosis on low-altitude frog popula-

tions in subtropical and tropical regions. However, in

montane regions and temperate lowlands, maximum tem-

peratures may never attain levels lethal to B. dendrobatidis.

Instead, fungal growth may be limited primarily by low

temperatures (10 1C or less) which, while they may not kill

the fungus, hinder its growth (Piotrowski et al., 2004).

Warming in these regions would thus be expected to favor

the chytrid fungus and exacerbate amphibian population

declines.

Our preliminary data support the existence of a season–

altitude interaction. While seasonal shifts in disease preva-

lence in L. pearsoniana and L. chloris at other lowland sites
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Figure 3 Number of Batrachochytrium dendrobatidis zoospores de-

tected on infected male Litoria wilcoxii, and mean air temperature

30 days before sampling (r2=0.085, P=0.011, n=75).
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in the Nerang River catchment closely mirror the results

of the current study, we have found high disease levels in

these two species at upland sites in the summer months

(K.M.Kriger, unpubl. data). A similar interactionmay occur

between latitude and season, with B. dendrobatidis capable

of maintaining high population numbers at temperate lati-

tudes even in the warmest months. Future research should

examine the seasonality of chytrid infections at high alti-

tudes and temperate latitudes, where the chytrid growth

optima may actually occur in summer and be limited by

extreme cool temperatures in winter.

The difficulty in finding L. wilcoxii during winter (on

multiple sampling occasions, we were unable to locate any

frogs) precluded our determiningMay–August disease levels

with a high degree of resolution. However, we did find

infected individuals during all winter sampling sessions.

Combining this fact with our knowledge of B. dendrobatidis

biology and the fact that 30-day mean temperatures never

fell below 12 1C, we feel confident that disease levels at our

study site remain high even in the months (June–July) when

no sampling could take place.

We found a significant negative relationship between

rainfall and disease prevalence, a result that contradicts

what would be expected based on our knowledge of

B. dendrobatidis as a waterborne pathogen (Longcore et al.,

1999; Johnson et al., 2003; Ron, 2005). However, as rainfall

and temperature were highly correlated (south-east Queens-

land experiences warm wet summers and cool dry winters),

we hesitate to conclude that high chytridiomycosis levels will

coincide with drier months in other regions. On the con-

trary, we expect that long-term rainfall patterns would

explain much of the variation in disease levels between sites,

with B. dendrobatidis favoring wetter regions (Ron, 2005).

Our results show that both 30-day air temperature and

water temperature are significant predictors of disease

levels, although the former variable yielded a much higher

test statistic in the logistic regression than did the latter and

explained a greater proportion of variance in the model.

This could be attributed to B. dendrobatidis being regulated

more by terrestrial processes (e.g. fungal growth and repro-

duction on post-metamorphic frogs or in soil; seasonal

variation in the immune response of terrestrial, post-meta-

morphic frogs) than by aquatic processes (growth of the

fungus on tadpoles or stream substrate; waterborne zoo-

spore dispersal ability). Further research is needed to clarify

whether chytrid levels are controlled more by aquatic or

terrestrial processes.

Finally, there are evolutionary implications with regard

to a host–parasite system that favors the parasite during

cooler months. Semi-aquatic amphibians are most likely to

be exposed to the waterborne zoospores of B. dendrobatidis

during times of breeding (Muths et al., 2003) and as tadpoles

(Rachowicz & Vredenburg, 2004). In many species, breeding

occurs in the early spring, the time when chytrid levels are at

their peak. We could expect that after the introduction of

chytridiomycosis to a naı̈ve stream-breeding amphibian

population, evolutionary pressures could force a shift in

breeding until later in the year, when temperatures have

risen and are unsuitable for B. dendrobatidis. We can also

hypothesize that, in its native range, the thermal biology of

B. dendrobatidis evolved specifically to coincide with the

time when amphibians were most likely to make contact

with the water.

In conclusion, we have shown drastic seasonal variation

in the prevalence of chytridiomycosis within a single amphi-

bian population, and have identified mean air temperature

in the 30 days before sampling as a powerful predictor of

disease levels, with most chytrid infections occurring in

cooler months (o19.4 1C). The results of our study will aid

wildlife managers charged with designing disease survey

protocols and will also assist conservation biologists in-

volved in captive-breeding programs and research on dis-

ease dynamics in natural systems.
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