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Abstract 

The rapid worldwide emergence of the amphibian pathogen Batrachochytrium dendrobatidis (Bd) is having a profound 
negative impact on biodiversity. However, global research efforts are fragmented and an overarching synthesis of global 
infection data is lacking. Here, we provide results from a community tool for the compilation of worldwide Bd presence and 
report on the analyses of data collated over a four-year period. Using this online database, we analysed: 1) spatial and 
taxonomic patterns of infection, including amphibian families that appear overc and under-infected; 2) relationships 
between Bd occurrence and declining amphibian species, including associations among Bd occurrence, species richness, 
and enigmatic population declines; and 3) patterns of environmental correlates with Bd, including climate metrics for all 
species combined and three families (Hylidae, Bufonidae, Ranidae) separately, at both a global scale and regional (U.S.A.) 
scale. These associations provide new insights for downscaled hypothesis testing. The pathogen has been detected in 52 of 
82 countries in which sampling was reported, and it has been detected in 516 of 1240 (42%) amphibian species. We show 
that detected Bd infections are related to amphibian biodiversity and locations experiencing rapid enigmatic declines, 
supporting the hypothesis that greater complexity of amphibian communities increases the likelihood of emergence of 
infection and transmission of Bd. Using a global model including all sampled species, the odds of Bd detection decreased 
with increasing temperature range at a site. Further consideration of temperature range, rather than maximum or minimum 
temperatures, may provide new insights into Bd-host ecology. Whereas caution is necessary when interpreting such a broad 
global dataset, the use of our pathogen database is helping to inform studies of the epidemiology of Bd, as well as enabling 
regional, national, and international prioritization of conservation efforts. We provide recommendations for adaptive 
management to enhance the database utility and relevance. 
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Introduction 

The specter of multiple-host infectious diseases leading to the 
rapid devastation of entire communities is alarming but, so far, 
rare. However, a handful of highly virulent multi-host pathogens 
arc known, and these have had profound impacts across 
populations and species (e.g., the rinderpest Morbillivirus; West 
Nile Virus; bat Geomyces rlestrw:!rzns). Rapid aggregation, synthesis, 
and analysis of disease data arc needed to advance both science 
and management of such diseases. \·Vhile technological advances 
have aided our ability to respond to emerging disease, sttch as by 
the usc of proactive modeling [I J, our ability to rapidly detect, 
assess, and report globally-emerging pathogens has lagged for wild 
animal diseases that arc not zoonotic or arc not transmitted to 
livestock or companion animals. For these diseases, infection and 
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mortality arc often cryptic and research studies may take years to 
be completed before being published. 

Herein we report on a community surveillance cllort addrc:;sing 
the emergence of the amphibian chytrid fungus Batmdwchyirium 
rlenrlrobrztirlis (Bd). Approximately one-third of global amphibian 
species have imperiled status, and the emergence of Brl is known to 
be a proximate driver of amphibian species declines and 
extinctions [2-8]. Brl has an unusually wide host-range: it has 
been detected infecting hundreds of species. Cascading clfects 
owing to declines of multiple host species as a result of 
chytridiomycosis could potentially undermine ecosystem stability 
and function [9,10J, although some studies have not supported key 
lime! ional roles of amphibians in local ecosystems [II]. Hence, 
although caution is neccss;uy because amphibians' ecological roles 
\viii vary with location, as a worst case scenario, the potential of Bd 
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to act synergistically with other anthropogenic drivers may 
catastrophically disturb biological communities and substantially 
contribute to the ongoing 6'11 mass extinction event lSJ. 

Although infectious diseases arc a normal component of wildlife 
ecology, only recently arc diseases being widely recognized as 
critical conservation concerns, notably for amphibians ll2J. Bd 
was described as a species in the late 1990s ll3 J, and our basic 
biological knowledge of this novel pathogen is still accruing. After 
over a dozen vcars of research, many aspects of its ecology, 
epidemiology, and pathogenicity remain uncertain. For example, 
\Tctors and pathways of transmission of Bd across spatial scales arc 
liltlc undnstood, as arc the !:1ctors alli.:cting species-specilic 
susceptibility to the clinical disease, chytridiomycosis ll4, 15 J, 
although reservoir amphibian hosts have been identified, including 
some involved in commercial trade or amphibians ll6-20J. Bd 
genotype affects Bd virulence, and population genomics studies 
have shown that the worldwide emergence of chytridiomycosis has 
occurred as a consequence or 20' 11-ccntury emergence of an 
aggressive lineage ll6 j. Conc·crn has heightened about Bd 
transmission in various arms of the commercial trade in 
amphibians which annually involves millions of individuals 
ll5,21 j. Transmission pathways may include migratmy waterbirds 
l22J, and some regional studies have reported an association of Bd 
occurrence witlt amphibian species' proximity to human develop­
ment, suggesting uncharacteriscd pathways of introduction and 
transmission l23J. Bd has been detected in water samples l24J, 
supporting transmission via fomites. Due to the recent recognition 
of Bd as an emerging infectious disease and an invasive species, Bd 
was listed as a notillablc disease by the vVorld Organization of 
Animal Health (OlE) in 2009, resulting in international recom­
mendations to forestall further spread via anthropogenic activities 
[25]. The need for eOcctive surveillance, including rapid data 
accrual and interpretation in order to identify emerging patterns 
and processes, is integral to the progression of both Bd science and 
managcmeut objectives. In particular, our incomplete understand­
ing of the global distribution of Bd is key information that is 
required to assess the importance of various mechanisms that may 
have contributed to the rapid emergence of chytridiomycosis l26J 
or continue to contribute to the ongoing spread of Bd. 

vV c report on the outputs of a multi-phase project for compiling 
worldwide Bd data and maintaining an updated system for global­
scale assessment of the pathogen, the Global IM l'vlapping Project 
l27J. A web-based system (www.Bd-maps.nct) for collation of Bd 
incidence and associated metadata was produced l28 J, with the 
aims of providing new insights into both Bd occurrence patterns 
and the development of hypotheses for the study of Bd ecology and 
epidemiology, and to inf<mn species- and land-management 
planning efforts. Using data gleaned fi·mn the published literature 
or submitted as primaty data to Bd-maps.net by members of the Bd 
J\'lapping Group over a lour year period, we report: I) spatial and 
taxonomic patterns of infection, including amphibian families that 
appear over- and undcr-inlccted; 2) relationships between Bd 
occurrence and declining amphibian species, including an analysis 
of Bd occurrence, species richness, and occurrence of enigmatic 
population declines; and 3) patterns of environmental correlates, 
including climate metries for all species and for three families 
(Hylidae, Bulonidac, Ranidae), at both the global scale and the 
U.S.A. scale (which has higher spatial resolution of climate metrics 
allowing downscaled analyses). Our analyses contribute new 
insights to hypotheses of geographic and climatic relationships 
with Bd occurrence [29-37]. 
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Results 

Bd-maps.net 
Bd-maps.nct contains a web-accessible database for data 

storage, facilities J()J· data uploading, basic summary statistics, 
and visualisation of spatial data utilising Coogle l'vlaps and Coogle 
Earth. Data arc submitted in a number of ways, through: l) 
literature review with subsequent gco-coding and direct database 
submission; 2) direct online data entry by community users; and 3) 
a smartphonc interface for the direct submission of location and 
metadata using the data gathering tool, EpiCollect [38]. Summa­
ries of Bd data can be viewed globally or by country, and all data 
arc now available for community downloading for further off-line 
analyses such as those presented here (sec Materials and Methods). 

Cautions expressed in Materials and Methods for usc of Bd­
maps.net data should be reiterated here; in p:lrticular, results of 
analyses should be used to inform predictions for further 
examination, and arc not conclusive due to several forms of 
potential data bias. Importantly, distribution maps derived from 
the Bd-maps database do not represent the distribution of 
chytridiomycosis, but locations where Bd sampling has occurred, 
where the fungus has been detected, or where it was not detected. 
These locations have a suite of potential biases as discussed in 
.Vlaterials and !Vlethods, and we have addressed these biases to 
some extent by the data aggregations that we have conducted. 
Type I errors indicate false Bd-positivc findings, and may occur in 
the dataset if Bd were detected at a site but the assay to determine 
this was incorrectly run, or was subject to cross-contamination. A 
Type II error is a lalse Ed-negative finding. This might occur if Bd 
occurs at a site, but was not detected. A low-level Bd infection, an 
insufficient sample size, or the presence of PCR inhibitors, could 
result in a false negative report l39J. We did not conduct quality 
assurance procedures to examine data for the usc of acceptable 
swabbing, histology or PCR techniques, or for sample sizes. These 
types of errors have been increasingly recognized over the last 
decade, and arc likely reduced for surveillance el1orts reported in 
peer-reviewed publications. Nevertheless, in our analyses, by 
aggregating all data at a site level and by conducting analyses at 
the O .. 'i degree latitude and longitude grid cell size, we may have 
reduced the chance of both lalse-positive and false-negative 
lindings by the compilation of results among dillcrcnt st udics 
(and their different sampling and analytical approaches), research­
ers, species, seasons, or years. An additional consideration is the 
sample sizes used in our various analyses and summary statistics; 
the larger samples may represent more robust datascts with less 
bias. N cverthclcss, we offer our results as hyvotheses for further 
testing, and temper our conclusions accordingly. 

Spatial and taxonomic patterns of Bd detection 
Bd has been detected in 56 of 82 (68 'Yo) countries (Figure l ), and 

in 516 of 1,240 (42%) species, determined using a data set of more 
than 36,000 individuals (Bd-maps.nct data snapshot August 20 12). 
Bd was detected at 1,814 of 4,281 ('t8%) sites tallied for our 
analyses (data snapshot July 201 0). Broad-scale distribution 
patterns arc evident, with Bd widely detected in the Americas, 
and detected only patchily in Africa, Asia, and Europe. Spatial 
biases and gaps in sampling across the globe contribute to the 
clusters of Bd locations on the world map. In particular, Asia had 
been largely unsamplcd at the time of our data analyses; however, 
recently, Swei et al. [26] sampled in 15 Asian countries and found 
only 2.35'\\, Bd prevalence. 

Bd was detected in 41 of 50 (82%) sampled families of 
amphibians (Table I; data snapshotjanuaty 2011). Anurans and 
cauclates were comparably sampled: 935 of 6, 1 7 7 ( 15%) extant 
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Figure 1. Global distribution of the amphibian chytrid fungus, Batrachochytrium dendrobatidis (Bd) . Maps downloaded from www.Bd­
maps.net (1 5 August 2012); Bd-positive (red ) and Bd-negative (white, blue) sites are shown. 
doi:1 0.1 37 1/journal.pone.OOS6802.g001 

and rcco,gniLcd anuran species \H'f'l' induded in o ur siudy. wh il e 

I I ~ orG29 ( I H0m) caucla tes were also incl uded (T aiJic I). C:accilians 

remained rdati,·d y unsamplcd, wi 1h onk 6 of' 190 (3%o) <,pcc ics 

rcgis1crcd in 1hc cliltabasc (Table I, Table 2) (tota l spt'c ics counts 
rrom Amphibia \ \ 'clJ.org, accessed 2.'i J uk 2!) I :2). 'J 'hrcc spcc iosc 
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anuran r;unilics, I-l ylidae, Ranidac. and BufiJnidac, ac('tnllltcd fin· 

30 '~" or ih< species in which Bd \\as drtcncd Cl'ablc 2. Table s I ). 
\\'e examined\\ hich fiuuilics cin· ialnl rrom tlw cxpcncd len· I or 

inf(:clion ,giH'Il the 0\ na il hack,grouncl prn·alcn T lll our data sci 

(!iOH/ I .ll'i'i : 4H"n l, and found broad taxonomic •oattnm (Tahlt 2 ). 

:\ l inuh yli clac. :\ nhrokptidac. and :O. Iantdliclac \\l'l'<' uncln-
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Table 1. Numbers of amphibian species and families with Batrachochytrium dendrobatidis detections as of January 2011. 

------
Species Families 

BdNot Percent BdNot Percent 
Order BdDetected Detected Total Detected BdDetected Detected Total Detected 

Anura 449 486 935 48.0 

Caudata 59 55 114 51.8 

Gymnophiona 0 6 6 0 

Total 508 547 1055 48.2 

doi:1 0.1371 /journal.pone.0056802.t001 

infected anurans: these families arc principalJy terrestrial, and 
many species arc direct developers (no tadpoles), which would 
reduce their exposure to the aquatic infective stage of Bd. 
Furthermore, the majority of tadpoles of microhylids that exhibit 
indirect development b1ck keratinized mouthparts, the target of 
infection in larval anurans [17J. Although the Bufonidae were also 
under-infected, some of the most dramatic Bd-driven declines have 
been seen in bufonids, such as Ana.t:,vrus boreas (formerly Bufo) in 
North America and Ate/opus spp. in Central America. Caudatcs of 
the family Hynobiidac were also under-infected, perhaps due to 
endemicity in Asia, where Bd prevalence is low and presence is 
patchy. Over-infected families (fable 2) were quite diverse and 
included those \\·ith relatively localized to broad distributions, with 
both aquatic and terrestrial life histories, including the clirect­
cle\Tloping Craugastoriclac. These patterns may be used to 
generate tcstabl<: hypotheses, yet we note that family-scale 
infection patterns also may reflect a sampling bias in our non­
randomly collected data, especially for families with taxonomically 
or geographically restricted sampling ciTort,. 

Bd and declining arnphibian populations 
The Global Amphibian Assessment, GAA [7J, reported that 

4-7°ft, of rapid amphibian species declines were 'enigmatic'. While 
Bd has been suggested as a potential driver of these declines [40J, 
data and analyses in support of this hvpothcsis have been lacking. 
Using the GAA data layer of world occurrences of enigmatic 
ckclines, we indirectly addressed this with data submitted to Bd­
maps.nct. \Ve found that rhc average number of amphibian 
species experiencing enigmatic declines at a site was greater at sites 
where Bd was dctcctccl than where it was not detected (p<O.OO 1: 
3,961 sites used in analyses; Figure 2). The occurrence of 
cnign:atic clcclincs increased with increasing· species richness, 
however the rate of increase of enigmatic decline occurrence with 
species richness did not diller between sites with and without Bd 
(}1 = 0.32; Figure 2). We repeated the analvsis using data lor the 3 
fiunilics of amphibians [Bufonidae (90/i sites), Hylidae (881 sites), 
and Raniclac ( 1 ,223 sitcs)J that dominated the database. As with 
the global data set, the average munber of enigmatic declines was 
greater for sites with Bd than for sites without Bd for the Bufonidae 
and Raniclae, but the rate of increase in the relationship between 
the occurrence ol' enigmatic declines and species richness did not 
difler with Brl occurrence. The increase in enigmatic declines with 
richness was higher for sites without Bd lor sites with hylids 
(p<O.OOI). Although snt:h analyses may be b;ascd, we report them 
because they may pro\'icle insights lor follow-up studies. Due to 
these associations, we included both occurrences of enigmatic 
declines and species richness in our mult ivariatc environmental 
models of Bd occurrence, below. 
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For species in which Bd infection was detected, 106 of 449 (24%) 
anurans and 12 of 60 (20%) caudates were listed in the three 
Threatened categories of the IUCN Red List (Critically Enclan­
gcrecl, Endangered, Vulnerable; Table Sl). It is important to note 
that these arc counts of species that arc recognized as being 
threatened without reference to what threats, according to the 
IUCN Threats Classification Scheme, arc responsible for their 
classification. Animals under threat ll·mn Bd would be classified as 
8.1 'Invasive non-native/ alien species/ diseases, 8.2 'Problematic 
native species/ diseases' or 8.4 'Problematic species/ diseases of 
unknown origin'. Although Bd infection docs not equate to it being 
a threat in every instance, upon inspection of the Reel List, Bd may 
be under-reported as a concern, given the frequency of its 
occurrence as we report it here. For example, of the 12 cauclates 
known to be infi;cted with Bd that arc currently ranked as 
threatened, Bd infection was listed as a threat for only one species, 
and disease, generally, was listed for a second species. To assess the 
relative impact of thrca ts globally, an appropriate analysis would 
involve comparing the number of threatened species that arc Reel 
Listed because of a given process, versus the number of species 
that arc expm,ed to that process. Currently, we arc unable make 
such a comparison in the context of Bd because the only data we 
have arc the infection status of a relatively small subset of the total 
number of amphibian species (1,240/6,996 species, l8'Yo; species 
count from AmphibiaWcb.org, accessed 25July 2012) and we lack 
conclusive data on symptoms of the disease chytricliomycosis for 
most of these species. 

Bd and environmental correlates: World and U.S.A. scales 
Our full model of odds of Brf occurrence by environmental 

parameters at sites using all world data (data snapshot from July 
20 l 0) incluclccl biomes, latitude, occurrence of enigmatic declines, 
temperature range, and average annual precipitation as significalll 
explanatory variables (Table S2). Removing latitude from our 
analysis, which we consiclcreclwarranted clue to the overwhelming 
focus of Bd-survcillancc in the northern hemisphere (Figure Sl, 
Figure S2), resulted in only minor changes in the other coefficients, 
and slight changes to the order of biome entry into the model 
(Table 3; N = 3, 733 sites used in analysis). After accounting for 
diflcrenccs in odds of Bd detection between biomes, we found that 
the odds of Bd detection at discrete sites; l) increased by 14% with 
cacb known increase in occurrence of enigmatic declines at a site; 
2) decreased by 8.8% with each clcgTcc increase in temperature 
range at a site; and 3) decreased by IJ.05% with each mm increase 
in average annual precipitation at a site (Table 3, Figure 3, 
Figure 4). Among biomes, sites in l'viontane Grasslands and 
Shrublands (N =56 sites) had the highest odds of Bd occurrence. 
To better understand the inverse relationship of Bd presence with 
world tcinpcraturc range values at sites, it is irnportant to 
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Table 2. Numbers of species with Batrachochytrium dendrobatidis {Bd) detections by amphibian family, and results of 
randomisation tests {see Materials and Methods section) to determine whether each sampled amphibian family was over- or 
under-infected, compared to what we would expect by chance given an overall prevalence of 508/1055 species. 

Family 

Anura 

Heleophrynidae 

Pelobatidae 

Calyptocephalellidae 

Ceratophryidae 

Hylodidae 

Hemiphractidae 

Leiuperidae 

Aromobatidae 

Alytidae 

Pyxicephalidae 

Craugastoridae 

Dendrobatidae 

Limnodynastidae 

Cycloramphidae 

Pipidae 

Hylidae 

Myobatrachidae 

Ranidae 

Eleutherodactylidae 

Centrolenidae 

Hyperoliidae 

Bombinatoridae 

Strabomantidae 

Leptodactylidae 

Leiopelmatidae 

Bufonidae 

Ptychadenidae 

Phrynobatrachidae 

Dicroglossidae 

Rhacophoridae 

Petropedetidae 

Scaphiopodidae 

Microhylidae 

Megophryidae 

Arthroleptidae 

Mantellidae 

Ceratobatrachidae 

Brevicipitidae 

Pelodytidae 

Hemisotidae 

Total Anura 

Caudata 

Cryptobranchidae 

Salamandridae 

Ambystomatidae 

PLOS ONE I www.plosone.org 

Species 

BdDetected 

11 

8 

6 

6 

11 

17 

14 

12 

4 

10 

89 

20 

55 

15 

9 

27 

30 

8 

2 

43 

6 

4 

4 

0 

0 

0 

0 

0 

449 

14 

13 

Bd Not Detected 

0 

0 

0 

2 

2 

2 

2 

8 

7 

6 

2 

6 

59 

14 

43 

12 

7 

27 

2 

33 

10 

68 

8 

8 

15 

14 

21 

6 

26 

48 

486 

0 

4 

5 

Total Sampled 

12 

9 

9 

8 

8 

7 

16 

25 

21 

18 

6 

16 

148 

34 

98 

27 

16 

54 

4 

63 

18 

6 

111 

13 

13 

21 

19 

6 

6 

25 

30 

48 

935 

18 

18 

Prev. 

0.92 

0.89 

0.78 

0.75 

0.75 

0.71 

0.69 

0.68 

0.67. 

0.67 

0.67 

0.63 

0.6 

0.59 

0.56 

0.56 

0.56 

0.50 

0.50 

0.48 

0.44 

0.40 

0.39 

0.38 

0.38 

0.29 

0.26 

0.17 

0.17 

0.16 

0.14 

0.13 

0 

0 

0 

0 

0 

0.78 

0.72 

p-value 

0.9652 

0.9278 

0.8494 

0.9988* 

0.9936* 

0.9641 

0.9386 

0.9386 

0.8928 

0.9510 

0.9782* 

0.9542 

0.9442 

0.8137 

0.8761 

0.9·992* 

0.8980 

0.9513 

0.7858 

0.7361 

0.6162 

0.5309 

0.4610 

0.3776 

0.3572 

0.0178* 

0.2439 

0.2418 

0.0333 

0.0286 

0.0643 

0.0608 

0.0006* 

0.0344 

6.19E-05* 

1.05E-11* 

0.04688 

0.0456 

0.1676 

0.1652 

0.9646 

0.9947* 

0.98-09* 

Prev. pattern 

NA 

NA 

NA 

Over 

Over 

NSD 

NSD 

NSD 

NSD 

NSD 

Over 

NSD 

NSD 

NSD 

NSD 

Over 

NSD 

NSD 

NSD 

NSD 

NSD 

NSD 

NSD 

NSD 

NSD 

Under 

NSD 

NSD 

NSD 

NSD 

NSD 

NSD 

Under 

NSD 

Under 

Under 

NA 

NA 

NA 

NA 

NA 

Over 

Over 
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Table 2. Cont. 

Family Species Prev. p-value Prev . pattern 

Bd Detected Bd Not Detected Total Sampled 

Proteidae 0.50 0.5264 NA 

Sirenidae 0.50 0.5 191 NA 

Plethodontidae 27 34 61 0.44 0.2647 NSD 

Hynobiidae 0 9 9 0 0 .0018* Under 

Amphiumldae 0 0 0.1683 NA 

Total Caudata 59 55 114 

Gymnophiona 

Caeci liidae 0 0 0 .0165* Under 

lchthyophiidae 0 0 0.1624 NA 

Prev. = Prevalence: Bd detectedffotal sampled. • denotes d significant deviation from the expected level of infection in that family. 'NSD' = not significa nt. 'NA' denotes 
that insufficient species had been sampled in that fam ily to detect a significant deviation from a random level of Infect ion. Power-analyses using binomial tem 
indicated that with six species sdmpled in a Family, there was sufficient power to detect a deviation in either direction. 'Bd not detected' data have limitations, as 
indicated in Supplemental Information. Notes on taxonomiC names used are provided in Supplemental Information. Detections in table updated as of January 2011 . 
doi: 1 0.1371/journal.pone.0056802.t002 
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modcl 11'\ = BHB sites: Fi);(u re ~ ). the odcb of /3d clt-tcnio n inneasl'd 

~ L7"o \\' ith l'ach I.000-111 inen ·a" ' in d n ·:u ion , and \\l'l'l' hig hest 

in Boreal Fores t and l'aiga , T emperate C:onikrous Fo rests. 

:\ lo nta nc Crasslands and Shrubla nds. and Tropical a nd Subtrop­

ical Dr) Brc•<Idlcal' Forests. In l Iylidae (!'\ = il7 1 sit es: Fi );(UIT ·I), the 

odds o i' det t·ning JM: I) increased b) I 0°o "ith t·;wh increm enta l 

inc rease in OCC UITl'lllT or enigm a tic ck .-J im·s: 2) inc re,ISed by 1.9 11 o 
"ith each degree increase in a\ c rage annual tempc t ature; and :l l 
d·Treased b) 1-1. 9°o \\' ilh each degree inctt•asc· in :1\'LTagc 
tempera ture range. The hi~ l,t·s t odds of Bd dl'l ert io n liJr ll ylicl ac 

'" '~'' ' in :\ lo lll:l11l' Grassla11ds and Shrublancls, Tro pica l and 
Subtropica l Dr) l:lroadkar Fu rcs ts, and T etnp•·ra le C r:l'slanck 

Sm annahs, a nd Shrubl;mcb. In Ranidae (!\ = l.l lH sil cs: Fi);(tiiT ·1), 
the odds 11 1' Bd detcnio t1 increased b) (i.+"o \\ ith each deiin ·e 
itH:r< ·a s<· in d\ 'L' ragc tt•tnpcratu rc range . cit·{ reasl'cl b~ l 0,o ,,ith each 

innT nH'tll a l incn ·a St · in spec ies ri chness . a nd dcn•·asc·d by ~()'~" 

"ith each lilllO-m increase in l'in ·:nion. The h ighes t odds or /M 
de to ·c tio n in ranicb OlT LII Tcd in til o b iom es. T ropical a 11 cl 

Subt ropica l Grass la nds , and D eserts a nd \:eric Shruhland . Sn ·n al 

bio m es "ne dropped li·orn the ranicl .mah sis due 10 da1a gaps. 

II all' of ou r compiled sill'S ,liT loca ted in th L' U. S.A ., "hne " c 
a lso \\'l'l'l' al ,k to use •·m ·iro nmem al da ta \\ it h finer spatial 

rcsulution in o ur a n.1 h-scs. L'.S.:-\ . m odels or Bd OLT UITC: nn · \\ e l'l' 

dn clo1wd liJr a ll ,pcr ies combined. a nd !'o r the three main li1milics 

(H3° o o J' to tal sit es sampled in L'.S . .-\ .), sim ilar to tlH ' \\Orlci-scak 

a nakses. The full U. S.A. model " ·ith .ill taxa induckcl ( I. HHO ; it cs). 

shcm ed a n incn ·ase in •Jclds o f Bd dl'l<Ttion \\' ith spt-cies ridiiii 'SS. 
n 1in illllllll t t tllptTa tutT. a n illtt: rac t io n bc t\ \ l't' ll r ichn i'S" a nd 
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lllllllnllllll tt·mperatutT. a11d bio mc. DLw tu the in te ract io n tn m. 

int t'l'pretalio n of this m odel '' " ' more com plex. For silt 'S \\' ith 
spec ies ridmess> 15, the highes t odds or Bd de tel'lion \\'l'IT a t silt 'S 
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Figure 2. Global locations with enigmatic amphibian declines 
were positively associated with amphibian species richness 
(data from GAA [7]), and this relationship increased with the 
occurrence of the amphibian chytrid fungus, Batrachochytrium 
dendrobatidis, as modeled with logistic regression. Dashed lines 
indicate 95% confidence interval. 
doi:1 0.1371/journ al.pone.0056802.g002 
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Figure 3. Odds of Batrachochytrium dendrobatidis ( Bd) detection in amphibians derived from a regression model using data from Bd­
maps.net from all species combined (data snapshot July 201 0; N = 3,733 locations). 
doi:1 0.1371 /journal.pone.0056802.g003 

\\'ith <II'C'ra~;c an nua l minimum temperatu res <.) C:. Sites ll"ith 

ri chness< l () spec ies had rough II- cons tant odds or Bd detection. 

For sit es "ith m'C'ragc minimum tempera ture abm"l' .) C:. thnc 

11as little change in odds of <ktcction. Brl detcl'lion likdihoodll·as 
greatest in l 'empera tc Broadka r and ,\fixed Forests. The U.S.A. 

Buron id<tc mvdcl shOIITd that the odds or Brl clctL"Clinn inncascrl 
b ) ()_ 7"., w ith each addi tiona l SfJI'Cies at •l site, and decreased 

l2.5 °o ll" ith eac h dq~rec of aiTra,~;t· an tlltal tcmpnature. T11o 
biomes \\TIT positi1'l'l) ,\'Socia tcd ll"ith bu(illtid Brl odds of 
detection: D eserts and X eri c Shrublancb. and T empera te C:un if:. 

t-rous Forests. The U.S.A. ll ylidac m udd included o nl y sptTies 
richness and occu tTcnn· of cn igm.llic ckdi th·s: ll" hen t· n igma tic 

eft-cli ne;.= l. there \\'as an es tim ated 29"o inneasc in odds of Brl 
cktcction "hen spec ies richness increased b) <~nc. The m ap or this 

m odel \\"aS not inl'unnatii 'C d ue IO the l'e\\ r•n ig"lllatic declines 

knoll n !'or U.S.A . hylids. The U.S.A. Ranidae model included 
on ly biomc. The odds ur dctcnir tg /M in U.S .A. ranids were 

highest in Desert a nd Xeric Shrubl;<mb. Tt·mprratc Broadlc.tf' and 
,\ l ixcd Forest>. and 'l"L'llljJ<Tal<' Con iferous Forest>. 

Discussion 

Prclimimtry anah sc; or da ta ga th l'rcd mrr a fi1u r-ycar period 

support broad-sca le clinl·n' IICt"' in patten" or inkc tion bct\1"("( ' 11 
amphibian fam ilies. Tltc·s· · resu lt s prm·ide imights t• > Etmi l1-
specific t•m·irunnwnt a l tra it s <h soc iat L·d 11 ith /M infectio n. Du11 n­

scaled cm ·ironmcntal h)-po th e'L'S and as."·ssmen ts arc 1\'arrantcd It! 
gauge relationships that may help c:-.p lain in fi:ct ion patlnns a t 

loca l to reg-ional scales. 

La rge h- due to r rrorts of' the Bd i\ lapp ing ("()111muni t\", II(' sholl" 

that the spatial d istribution or Btl is ltighl) heterogeneous. It 

appears that a proxim a l clri1-.:r of this lwtnogencit\ is the rapid, 
n mtinuing spread of Brl into na"i1·c tT.~>; i ons. and it appears thai /3,/ 
has not yn reached a globa l equ ili b rium . \\ ' ithin thi s irt neasing 

pall ern o l' sprc; td. 1\'C ide ntified nested l "at"i<tblcs that may inJluell<T 

the ecology and t:p i rkmiolo~-,·-- o r Bd (o ll oll'ing poten tial int rodut"­

tion into a region: tht 'Sl' 1 ariables contai n taxonomic (sec tmdcr­
and O\ cr-inft·clcd l ~1111i li e~ ) . Cll\ ·inHlllH'IItal (e.g., t< ·1npc rature ra nge 
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and precipi ta tion at a si te l, and romrnuni11·-k1TI (e.g .. species 
richness) de te rminants. \\ hik models that cumlrinc sp.llial-spread 

dynam ics 11 ith 'ta tionary si te-specific equ ilibria a IT rcquirl'rl JiJr 
understa nding il t lcl prcdictin,g the ClllTl' nl and fttrthet imp.tCI of' 

Bd. model clarit1 "' ill on l) he ach il'lnl ll'hcn "'' han· a bcttn 
undns tanding or titc fim·-sc;tlc cpiclcm iofogicaJ prO("('"l'S that 
rdkct amphibian di1rrsit). ha bita t. and cnmmu1 1111 -InTI intnac­
t ions. 

Bd relationships 11 ith tenrpnaturc a rc suppuncd by experimen­
ta l 110rk shrming· that Bd dotS not gTOII 11dl at tcmpcr;uu rc­

s2::21( C [13, II J. fidel 1mrk dcsnihi ng increased infi·uion 

preYalcncc and mortal itl· trnder CU•rlcr conditions [31l. :l l. 12 .- l:lJ. 
a nd othn Hd-ocCU ITt'nLT models, st tch as tilt" do11 nscalcd model 

using tl te ~u f'tll'cll"l' ~l axent "hirh 11 a> applied to data Jl·om 
.'\ ustra lia [ HJ. Although a ltitude 11as nut a si~ni!icant prcdinor in 
the Cl l!Tl'll( a na l) sis (Figure S:l). the highest odds or ckttTtin~ Brl 
liTre in the biumc ~lumane Gras~l.tnds and Shruhl~nds t l ·'i,~U IT 

S4-) . This su~gests that al titude J!l'r '" is not a ~; l<~halh-un il unn 
pred ictor ur Br/-prcscntT. and that the risk or ch\"tridiomycos s to 
montant·-associ:ncd ' P<Tit' lila ) need 10 be assessed using 
regio nal. spatia lh rcs trincd da ta se ts. Spccics-spccilic and si te­
SJJl'ci li c .!pproaC hCS may l'idd a bCIIt' r UndCJ'Stall tli11 ,1'; or the 
d) namics ur Br/-oc'C' UlTl'llt"l' am ong such ntontant• amphib ians. 

Our analyses suppon the assoc iations ,,r Brl "ith global-1!'1 d 
temperatu re mctrics. supp•Jrting h) pothcsrs that the future 
u< 'C tnn· nc<· of chytridium\ cosis wi il l"<'spo nd to ch.mges in globa l 
cl im ate condit io ns [l2.45J. H oiiTI'Cl', th•Tt' appc.trs to be little 
support at this time that cl imate change is assoc iated 11 ith 

chytr icJionl)l'OSiS. II ithin at kas t parts of' its ran~(' II lt< ' IT this has 

het'll studied [:j5[ . Our e;lu bal data and the mudd ncatcd for 

Austra li a [ll·J SUI;f!Cs l th<Lt both tt'lll J)t'ratutT ran .~·· and precipi­
tation lll<ty be ol particu la r import .\nce !'or f'11t tllT im est i~ation s. 

Our model predicts an a lmost 9"" cit-crease in ilw odcb or Brl 
dctcniun "itlt each dcgrce-C inneasc in temper .ttul"l' range at a 
site, 11 ith H yl idac contribtning sigmficantl) to this result and 

R.midae h a1· in ~ a rt opposing tendcnn. This aspn·t ol' our stud) 
1\ ill he particuLu-11 in!onnatill' lor predining the dTtTis ur II arn 11'1" 

or tll o tT 1 ariable "eat he r JXtllnm •m the 111Jrld11 ide incidence of 
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Figure 4. Extrapolated global maps of the odds of Batrachochytrium dendrobatidis (Bd) detection in amphibians derived from 
regression models. The global model using data from all species combined is shown (A), as well as subsets of the world data for species within the 
amphibian families Bufonidae (B), Hylidae (C). and Ranidae (D). Although these map projections depict the odds of Bd detection at the world scale, it 
shou ld be noted that amphibians do not occur everywhere in the world, and in particular, the three amphibian families (B,C,D) are not native to all 
regions world-wide. Sig nificant model parameters differed among models and included landscape-scale si te attributes including climate metrics and 
biotic factors, such as biome or amphibian species richness (see text). Gaps in the mapped models are due to a lack of species richness data, or 
amphibian absence, for certain regions. 
doi:1 0.1371 /journal.pone.0056802.g004 

c h~ tndiulli\U"i' . . \ ,·a,<'<tt hnc i, th ;tt ' uch IJJ<>,tcl -hru , h anal ) '' '' 
inn itabh mi" fj ,,, .. ,cak tdatiunships bct\\ l'Cn amphibians. their 

minohahit ,ll ,. and the liuk-unclnstoocl rc l.11ionship lwt\\!'l 'll 
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Table 3. Significant parameters in the regression model using 
Batrachochytrium dendrobatidis (Bd) occurrence and data from 
wild-occurring amphibians having precise locations in the 
global Bd database (N = 3,733 locations). 

Parameter Coefficient SE P value 

Intercept 1.186 0.262 

Enigmatic Declines 0.141 0.028 <0.001 

Temperature Range -0.089 0.017 <0.001 

Average Annual Precipitation -0.0005 0.000 <0.001 

Biome <0.001 

Tundra (included in intercept) 

Montane Grasslands & Shrublands 1.929 0.366 

Mediterranean Forest, Woodlands & Scrub -0.598 0.126 

Tropical & Subtropical Dry Broadleaf Forests -0.346 0.406 

Boreal Forests!Taiga -0.649 0.340 

Mangroves 0.251 0.773 

Deserts & Xeric Shrublands 0.471 0.186 

Flooded Grasslands & Savannas 0.323 0.576 

Temperate Broadleaf & Mixed Forests 0.397 0.122 

Temperate Grasslands, Savannas & Shrublands -0.346 0.172 

Temperate Coniferous Forests 0.229 0.124 

Tropical & Subtropical Grasslands -0.582 0.198 

Tropical & Subtropical Moist Broadleaf Forests 0.224 0.172 

Tropical & Subtropical Coniferous Fore,;ts 0.503 0.278 

Individual biome coefficients represent additive shifts in the Bd-occurrence 
odds ratio, whereas other coefficients represent multiplicative changes in odds 
of detecting Bd. Logistic regression with likelihood ratio test statistic (Chi 2

) was 
used. 
doi:l 0.1371/journal.pone.0056802.t003 

communities may amplify the transmission of Bd. Theoretical 
community epidemiology shows that when between-species 
transmission rates (Phuwcen) increase, both the prevalence of 
infection and the proportion of time that hosts arc infected 
increases [4 7]. Where heterogeneity exists between species in their 
transmission potential, then even poor transmitters of the 
pathogen (Pwithin --> 0) may sullcr repeated exposures in multi­
host systems. Additionally, the number of secondary infections 
caused by a single infected individual (Ro) may increase in relation 
to increasing species (reservoir) density [48]. Fur amphibians, it is 
known that mortality as a consequence of exposure to Bd is both 
dose-dependent [15,49,50J and spccies-spccilic [17 ,:) I J; some 
species succumb to very low ln·cls of infection while others never 
exhibit clinical signs of disease [14-,52]. lt is possible that the strong 
positive relationship between species richness and enigmatic 
decline detailed in Figure 2 rcllccts the epidemic 'forcing' of 
infection in heterogeneous spcciose systems following the intro­
duction of Bd. However, the concurrence of rare species with 
restricted geographic ranges in areas with high species richness 
also may contribute to this pattern, if those rare species arc also 
more likely to be tied to Reel List criteria for enigmatic declines. 
Nevertheless, the risk that chytricliomycosis poses to a single 
amphibian species may be strongly tied to location, as well as 
being spccics-spccilic, with the epidemiological outcome depen­
dent on a potentially very large number of inter-related biotic and 
abiotic variables. J\'lechanistic multi-species epidemiological mod­
els incorporating taxonomic selectivity in risk alongside commu­
nity composition and local-scale environmental drivers will 
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provide the key to unlocking the site-spccilic dynamics of Bd and 

chytridiomycosis, and thus assessing the risk to particular species 
and amphibian communities. However, the spatial modeling of an 
infectious disease at this level of complexity, with such broad host­
numbers and parameter values, has never been attempted and will 
present a considerable challenge to mathematical epidemiologists. 
To aiel this process, the modeling of amphibian-Bd dynamics in 
simple systems with' few hosts, aided by controlled laboratory 
experiments for accurate parameter assessment, will prove highly 
valuable [52,53]. 

The impact of the Bd mapping project is still unfolding. First, 
this project demonstrates the value of social networking among 
scientists, with data compiled from hundreds of contributors who 
have assessed the occurrence of Bd at over 4-,000 sites worldwide. 
Bd-maps.nct allows an ongoing synergy among researchers and 
managers as global data arc communicated or exported fur further 
uses. Second, the project has led to a Illlmbcr of new studies and 
programs. As a consequence of the project, biologist' have taken 
the initiative to: I) initiate Bd monitoring and assessment in their 
region and to leverage funding for projects with expanded scope 
(e.g., the pan-European chytridiomycosis risk assessment RACE; 
www.bd-maps.cu); 2) usc Bd-maps.nct to direct work toward 
spatial and taxonomic gaps (e.g., U.S.A. states, Southeast Asia; 
e.g., Bd surveillance papers published in the Amphibian Diseases 
section of HnjJetological Revia.v); 3) to instigate disease mitigation 
programs in focal systems (e.g., Mallorca and Ab·fes mulflen.iis; [54-J); 
4) include Bd-occurrcncc data in aquatic invasiw species alerts for 
land management (e.g., for watcr-dra\1· decisions for western US 
wildfire management; Figure S5); and 5) to facilitate novel 
investigations into the complex ecological patterns associated with 
Bd in!Cction [55 J. 

To enhance the utility ofBd-maps.net for the global science and 
management community, dedicated curation and· community 
deposition of data arc needed. Currently, part-time efforts of 
individuals at two institutions, the U.S. Forest Scnice, Pacilic 
Northwest Research Station, Oregon, U.S.A., and Imperial 
Collc!!;c, Loudon, U.K., allow limited tccl mica! assistance for data 
contributors. Broader institutional support from the global 
community could tic data repmting to permit processes and 
publications for broader community participation and uses. For 
example, inlf:ction trend monitoring could easily be conducted frJr 
local jurisdictions, would be more effective with surveillance 
reporting tied to existing permitting processes, and could lead to 
insights for understanding transmission vectors or infectivity 
correlates. Molecular tyving of Bd isolates [16J is continuing and 
is planned to be integrated with mapping data to understand the 
global spread of infection within a population gcnomics framework 
[56]. The addition of molecular data to Brl-maps.uct, alongside 
rapid next-generation gcnotyping techniques, may aiel in identi­
fying· the major sources and sinks of infection, and the dominant 
global vectors of Bd. \Vc arc applying our lessons-learned in the 
devdopmcnt of Bd-maps to the current development of a global 
Ranavirus Reporting System [.57 ,58]. This developing system 
includes data liclds to assess data certainty ami potential bias. 
Understanding of' the vectors lor both Bd and Ranaviruscs will be 
key lor regional biosecurity, with subsequent emphasis on 
management of the human-mccliatccl transmission pathways. An 
expected outcome is the need lor increased transparency of disease 
transmission pathways in amphibian trade within the context of 
the OlE legislation, as well as a call for all countries contributing to 
the OlE inli·astructurc to contribute to the detection and 
containment of novel wildliiC diseases. These approaches arc 
synergistic \\'ith those proposed to contain the emergence of newly 
emerging human diseases, and while the c~hallcngcs arc great, the 
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imperative to curb the spread of these globally-devastating 
infections has never been greater. 

Materials and Methods 

Data compilation 
Bd location data were compiled from published literature and 

unpublished studies (Table Sl). We dclincd 'site' as a geograph­
ically distinct location having specific coordinates and/or locality 
description. A 'record' wa' a database cnl!y for a single species for 
a single year, at <c particular site. A given site may have a number 
of records for di[JCrcnt species or years, some for which Bd was 
found, others for which it was not (()Unci. A 'country centroid' is a 
point designation lor a t)1Je of site that placed sampled species in 
the country of origin, where liner-scale location data were not 
available. Country centroid data were compiled gcncmlly from 
early years of Bd surveillance before Global Positioning Systems 
were frequently used to determine site coordinates. 

Site-level data were used in analyses, and if both positive and 
negative Bd records were available for a site, the site was 
designated Btl-positive. Analyses did not include data li·om captive 
animals, vague locations, or country centroids. For analyses, a 
snapshot of site-level data was taken in July 2010, including all 
data compiled in our database up to that time. Analyses were 
conducted using a global gTid spatial resolution of 0.5 degrees 
latitude and longitude, which was the finest scale available lor the 
global climate data. FinC'l'-scale habitat pattems will not be 
apparent from our analyses, such as those with more restricted 
temperature regimes. Parameters used in om models arc listed in 
Table S3. 

To provide a more updated summary of Bd occurrence (Table I, 
Table 2, Table SJ), we report tallies ofBd-positivc and Bd-ncgativc 
data compiled up through a data snapshot taken on 30 .January 
20 II. These summaries were used lor the over I undcr-inlcction 
randomization analysis. Our data arc available via a world Bd 
mapping database and interactive web application that we 
clcvdopcd for the Bd mapping project, which has merged and 
extended pre-existing data compilation efforts (http:/ /www.Bd­
maps.nct). The lld-maps.nct website facilitates automatic surveil­
lanco: by country or species at several spatial scales 1\'hich can be 
user-determined by an interactive mapping tool using Googlc 
lVlaps technology. Hence, real-time counts by country and species 
arc available online, and recent data snapshots of these tallies were 
taken on 25 July 2012 for this paper. Some sensitive data were not 
released for precise mapping, and hence our hierarchical mapping 
method enal>les their mapping at world scale but not at liner 
scales. However, sensitive data were included in our data 
snapshots lor both analyses and more recent summaries. For the 
purposes of this paper, a data snapshot was undertaken for our 
analyses 0 um: 20 I 0), and we have provided additional time­
sensitive snapshots for more updated information in Figure I 
(August 2012) and Table Sl (January 2011). Data updates and 
analyses arc time-intensive procedures to ensure duplicate records 
arc screened from our counts, accounting for different snapshot 
elates reported here. The most recent 0 uly 20 12) counts of Br/­
infcctcd countries and species is the only realtime data summary 
available at this time. 

Caution is needed due to several potential data constraints when 
imcrprcting our maps and analyses. Limited quality assurance was 
conducted, such that if inaccurate methods were used or results 
reported, those data may not have been screened out of this 
compilation (c.r~., false positiv•:s and negatives may be included in 
the data). Bd prevalence in a population may be low, such that a 
small sample size of individuals screened for }Jd may not detect it, 
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and consequently could yield a false negative report ('no detection' 
docs not indicate absence of Bd; sec [39]). This could be a 
particular concern for data collected before 2008, when the 
recommendation for sample sizes> 59 be collected to assess Bd 
occurrence when prevalence is low [39]. In addition, it is possible 
that negative data arc not consistently reported, especially from 
early exploratory studies or due to the challenge of publishing 
negative data, and hence negative data may be under-represented 
in our compilation. To conduct adequate quality assurance of the 
global data set to reduce potential biases, individual studies would 
need to be screened, which would require each data source to be 
revisited and assessed. Our aggregation of data at the 0.5 degree 
latitude and longitude scale likely reduces these biases by 
compiling data among different sampling events, including 
separate studies (and their methods), researchers, species, seasons, 
and years. Finally, our world map of Brf detections (Figure I) 
includes samples taken from living· or dead animals-appearing 
healthy or symptomatic, native and introduced animals, and wild 
and captive animals. We do not map the disease chytridiomycosis 
wherein animals showed symptoms of the disease. This last point 
should be emphasized; we report Bd occurrence and hence the 
threat of disease and potential taxonomic or geographic sources of 
disease transmission, but we have not distinguished locations with 
mortality attributed to the disease and our maps do not represent 
declining amphibian populations. In addition, our logistic 
regression models should not be used for direct prediction, and 
cocllicienls from the fitted models should only be interpreted in 
terms of relative (not absolute) contribution to the odds of Bd 
detection. Because sites were not randomly selected, the inference 
of each model is restricted to those sites used in the analysis. 
However, with 3, 733 sites used in our full model, we feel there is 
usclul predictive capacity of those data to be used as h)1Jotheses lor 
future investigation and later downscalcd analyses, especially lor 
the better-sampled regions of the world and more heavily-sampled 
amphibian families. 

During modeling, all of our 3,961 Bd sites during that data 
snapshot did not fall cleanly within available environmental 
coverages, and hence some were not included in regression 
analyses. For example, the biomc coverage did not overlay cleanly 
with the Bd site data. For '227 sites, site location did not correspond 
to an environmental coverage aller the overlay was conducted, 
and these were eliminated from the model. These sites were 
distributed around the world and often were ncar coastlines, 
suggesting the coastal accuracy of the landscape-scale environ­
mental boundaries was poor; hence, these sites had vc1y low 
elevations. However, there were often neighboring locations that 
were sorted into a biomc, so locations with clusters of samples were 
not generally lost from analyses. \Ve also deleted the 'lake' biomc 
from analyses (l site) because lentic habitats within other biome 
types were not distinguished. 

Statistical Analysis 
Using logistic regression (programmed in R software [59]), we 

examined associations between the Bd occurrence at a site (world 
scale: all data and three well-sampled families separately -
Bufonidae, Hylidae, Ranidae) and: I) latitude; 2) elevation [60]; 
3) biome [61 J; 4) amphibian species richness [7J; and 5) global 
temperature and precipitation metrics ([62]; Climatic Research 
Unit, University of East Anglia, Norwich, UK; www.cru.uea.ac. 
uk) (Table S2). Th<.:sc param<.:ters were chosen to represent world­
scale ccologicallactors that may be correlated with Bd. Our intent 
was to usc our robust data set to address existing hypothe:;cs of Btl­
occurrence correlations, and to contribute to new ecological 
research and surveillance directions. We did not include other 
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factors that may better represent a human footprint signal ll·om 
modern-day disturbances (e.g., proximity to roads, cities, agricul­
tural areas) largely because these data layers arc inconsistent at the 
world scale. 

Additionally, because the United States was a relatively wcll­
sarnplcd large-scale region, we conducted similar analyses for all 
U.S.A. data and well-sampled families in the U.S.A. (Buf<midac, 
Hylidac, Ranidac). l'vlorc precise temperature and precipitation 
data were used in the U.S.A. analyses (Parameter-elevation 
Regressions on Independent Slopes Model [PRISMJ, C. Daley, 
PRISlVI Climate Group, http:! /prism.orcgonstatc.cdu/). Alto­
gether, eight Ed-occurrcncc models were generated: world scale, 
all data and data from three families; U.S.A. scale, all data and 
data from three families. 

Logistic regression also was used to examine the relationship 
between locations with enigmatic population declines [7J and both 
Bd detection and species richness (decline and richness data 
sources; [7 J) detailed in Table S3. Again, we conducted eight 
analyses: world scale with all world data, and world data from 
three families; U.S.A. scale with all U.S.A. data, and U.S.A. data 
from three families. 

Randomisation tests were used to determine whether each 
sampled amphibian family was over- or under-infected, compared 
to what we would expect by chance given an overall prevalence of 
508/ I 055 species (using the January 20 II data snapshot rcOcctcd 
in Table I, Table 2, and Table Sl). Ten thousand unconstrained 
randomizations were performed using a computer program 
written in the statistical language R [59 J; infection data was 
randomised across all species in the data set, and the number of 
species in the focal family that were randomly assigned as infected 
was counted. The null distribution generated was then compared 
to the observed number of infected species within the focal family, 
and the null h)1)othcsis (that infection was random) was rejected if 
the observed value lay in the 2.5°!., for either tail of the null 
distribution, and statistical power was suf1icicnt (no. species>6). 
Power-analyses using binomial tests indicated that with six species 
sampled in a family, there was suflicicnt power to detect a 
deviation in either direction. 

Supporting Information 

Figure Sl Occurrence of Batrachochytriunt dendrobati­
dis (Bd) at sites by latitude. The high number of sample sites 
in the Northern Hemisphere, particularly the United States and 
Spain, gives a pronotmccd skew to this distribution. 
(TH) 

Figure S2 Taxonomic patterns of Batrachochytriunt 
dendrobatidis (Bd) occurrence by latitude. The extraordi­
nary peak in species richness in the 8°N range highlights the 
overlap of many tm1ilics of amphibians in Central America and 
also the intensive sampling represented bv Lips et al. (2003, 2006). 
Of additional interest arc the very broad latitudinal ranges of the 
families Hylidae, Bufonidae, and Ranidae. This range explains, in 
part, why they were so widely sampled, and Ed was so widclv 
detected among them, and therefore also why they were chosen as 
the three families we modeled. Note also how the number of 
families thins out at \'Cry high and very low latitudes. 
(TU) 

Figure S3 Occurrence of Batrachochytriunt dendrobati­
dis at sites by elevation, with annotation by ecoregion of 
site. V crtical black lines indicate the range of elevations covered 
by a particular ccorcgion. For the mmt part, only ccorcgions or 
aggregates of ecoregions with more than 20 sites represented arc 
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shown in the annotation. Low elevation sites (below 1000 m) were 

broadly distributed across the world, and across a wide variety of 
ccorcgions. 'bsl' = 'below sea level', for a site in the Coachella 
Valley, California, U.S.A. Country abbreviations: AR = Argen­
tina, CA = Canada, CH = Switzerland, CL = Chile, ES = 
Spain, FR = France, IT = Italy, 1vlX = Mexico, I'E = Peru, 
US = United State.<. 
(TIF) 

Figure S4 Occurrence of Eatrachochyt1'iunt dendrobati­
dis (Bd) at sites among 15 world biomes. 'Lake' (98) was 
dropped from our analyses, as there was only one site so classified 
owing to the coarse scale of the biorcgional data relative to our site 
locations. Among biomes, the highest odds of detecting Ed were in 
Montane Grasslands and Shrublands (Hiomc 10, reported from 
Australia, New Zealand, South Africa, and the Chilean and 
Peruvian Andes), and the lowest odds of detection were in 
J'vleditcrrancan Forests, \Voodlands, and Scrub (Biomc 12, based 
on sites in Australia, Spain, Italy, South Africa, and California 
(U.S.A.), and in Tundra (Biomc ll, based on sites in the interior 
and Kenai Peninsula of Alaska, U.S.A.). 
(TlFJ 

Figure S5 Batrachochytriunt dendrobatidis (Bd) occur­
rence by 6'h-field Hydrologic Units (HU; watershed) for 
the U.S.A. Natural resource planning and management decisions 
often occur by watershed in the US. Fo:· example, disease 
disinfection protocols often stipulate disinfection between drain­
ages, and 6'"-lleld watershed delineations arc used for water draw 
decisions during wildfire season in parts of the US. Aquatic 
invasive species including Bd arc mapped by watershed to inform 
decision-makers about risk of transmission during water draw 
decisions. !viap reflects data as ofjanuary 2011. 
(TIF) 

Table Sl Bd detections by species, with references and 
countries of dt!tection. Family-level taxonomy is shown 
according to Frost ct al. (2006), Grant et al. (2006), Frost (2009), 
and Hedges ct al. (2008). Species name is shown as given in the 
report of the Ed occurrence. \·Vhcrc assignments to genus or 
species have changed since the species was reported as being found 
with Ed, the older name is given in parentheses. For further 
information on taxonomy, sec Taxonomic Notes. The abbrevia­
tion (cap.) after a species name indicates an infected captive animal 
or animals. Status is Conservation Status according to the IUCN 
Red List (!UCN 201 0). Categories arc defined as: EX = extinct; 
EW = Extinct in the vVild; CR = Critically Endangered; EN = 
Endangered; VU = Vulnerable (the previous three categories arc 
considered Threatened by the IUCN); NT = Ncar Threatened; 
LC = Least Concern; DD = Data Deficient; NE = Not 
Evaluated (newly discovered or newly recognized species). Last 
updated from published literature in March 20 ll; references arc 
given in Supplemental lnfixmation text, File S 1 . 
(DOCX) 

Table S2 Parruneters used in regression analyses. 
Numbers in parentheses after biomes indicate number of sites in 
the full analysis (N = 3733 total sites). Sites with no biomc 
assigned (n = 227) were dropped from the analysis. Lake biomc 
(N = I site) was also dropped clue to inconsistency of len tic habitat 
designation. 
(DOCX) 

Table S3 Significant parruneters in three fwnily-scale 
logistic regression models using Batrachochytriunt den­
drobatidis (Bd) occurrence data from wild-occurring 
runphibians having exact and approximate locations in 
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the global Bd database. lndividual biomc cocflicients represent 
additive shilis in the lid-occurrence odds ratio, whereas other 
cocf1icients represent multiplicative changes in odds of detecting 
Bd. Logistic regression with li:<clihood ratio test statistic (Chi~) was 
used. 
(DOCX) 

File Sl Supplemental Information: Taxonomic Notes; 
References for Supplemental Material. 
(DOCX) 
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