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 The amphibian chytrid fungus, Batrachochytrium dendroba-
tidis (Bd) is responsible for widespread morbidity and mortality 
in susceptible species, leading to population declines (Berger et 
al. 1998; Bosch et al. 2001; Fisher et al. 2009; Lips 1999; Racho-
wicz et al. 2006; Skerratt et al. 2007; Stuart et al. 2004). Although 
Bd is believed to have originated in Africa (Weldon et al. 2004), 
relatively little work has been done on the continent to assess 
its occurrence and distribution. African countries where Bd has 
been identified include Botswana, Ghana, Kenya, Lesotho, South 
Africa, Swaziland, Tanzania and Zambia (www.Bd-maps.net, 
accessed 5 November 2010; Kielgast et al. 2010). More recently 
sources also indicate Bd-positive records from Cameroon, Ma-
lawi and Uganda (Goldberg et al. 2007; Sotoz-Azat et al. 2010), 
Democratic Republic of Congo (Greenbaum et al. 2008), Nige-
ria (Imasuem et al. 2009; Imasuem et al. 2011), Gabon (Bell et al. 
2011), and Morocco (El Mouden et al. 2011). 
 Mount Mulanje (15.9352°S, 35.6202°E; Fig. 1) is situated in 
southern Malawi adjacent to the border with Mozambique.  The 
mountain rises sharply and dramatically above the surrounding 
Phalombe Plain (about 600 m elevation) to 3000 m elevation.  It 
is one of the largest inselbergs (isolated mountains) in the world, 
and the tallest peak in south-central Africa. The Mount Mulanje 
area has relatively high amphibian richness with an estimated 
40 species (Branch and Cunningham, unpubl. data; Channing 
2002; Poynton and Broadley 1985–1991; Stevens 1974).
 An amphibian survey was conducted in the Mount Mulanje 
area during the onset of the rainy season in November 2009 and 
detected 24 different amphibian species. Bd swabs were taken 
of 76 adult frog specimens (Table 1). Standard field-sampling 
protocols and bio-security controls were followed for collect-
ing the samples (Brem et al. 2007). Sterile cotton-tipped swabs 
with sleeves were used, stored at low temperatures and sent to 
the National Zoological Gardens (NZG) of South Africa where Bd 
DNA was isolated following the PrepMan® Ultra protocol (Ap-
plied Biosystems™, Foster City, California). The presence and 
quantity of the fungus was determined using a real-time PCR 
TaqMan standard curve assay according to Boyle et al. (2004).  

The StepOnePlus™ real-time PCR system from Applied Biosys-
tems™ was used for the TaqMan assay.  
 We detected Bd in 14 of 76 (18.42%) specimens and in 8 of 
24 (33%) species (Table 1). Low sample sizes likely affected Bd 
detection probability if infection prevalence was low (Skerratt et 
al. 2008). We observed the highest infection load in Amietia an-
golensis and Amietia johnstoni (Table 1). The presence of Bd in 
Amietia has been reported in Kenya (Kielgast et al. 2010), South 
Africa, and Lesotho (Weldon 2005), which might indicate an in-
creased susceptibility in this genus.
 This is the first report of Bd infecting a species of Arthroleptis, 
a direct developer. Arthroleptis species are associated with de-
caying leaf litter on forest floors, with eggs oviposited among the 
leaf litter; no free-swimming tadpole exists and development is 
completed within the egg capsule (Channing 2001; Du Preez and 
Carruthers 2010). Nothophryne broadleyi are associated with 
damp moss-covered seepage over rocks (Channing 2001); this is 
the first time that Bd has been recorded in this monotypic genus.  
 Our records confirm the occurrence of Bd in amphibians in 
Malawi, and the Mount Mulanje area in particular. Although So-
toz-Azat et al. (2010) found one Malawian Xenopus muelleri tad-
pole infected with Bd, they indicated it to be an incidental finding 
and not a true infection. Bd is only associated with the keratin-
ized skin of adult amphibians and teeth of tadpoles (Longcore et 
al. 1999; Berger et al 1998). Due to the fact that Xenopus tadpoles 
are filter feeders with no teeth they are unlikely to get infected.  
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Confirmed Amphibian Chytrid in Mount Mulanje Area, Malawi

Fig. 1. Location of Mount Mulanje, Malawi, where Batrachochytrium 
dendrobatidis was detected on eight amphibian species.
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Rödder et al. (2009) predicted that species with aquatic life stages 
occupying small geographic ranges at high altitudes were most 
susceptible to Bd related declines; this includes the higher alti-
tudes of East and Central Africa (see Rödder et al. 2009 Figure 
2A). However, in adjacent Mozambique, preliminary screening 
of amphibians from Mount Mabu (N = 11) provided no evidence 
for Bd-infected amphibians (Conradie, unpubl. data), although 
a low sample size may have precluded detection (Skerratt et al. 
2008). Mount Mulanje is under pressure due to increasing socio-
economic development and population growth, leading to large 
areas of lowland and riverine forest being cleared in the region. 
The illegal harvesting of endemic cedar trees, presence of inva-
sive alien pine trees, introduction of alien fish, and uncontrolled 
fires are additional threat factors that may increase stress on 
Mount Mulanje amphibian populations, especially compared to 
Mount Mabu where the habitats remain fairly pristine. This may 
indirectly lead to an increase in Bd prevalence or increased sus-
ceptibility to the pathogen in the Mount Mulanje area if there are 
interactions among multiple stressors and Bd-infection rates.
 Species of particular conservation concern in the Mount Mu-
lanje area include Amietia johnstoni and Nothophryne broadleyi 
which are currently listed as Endangered according to IUCN 
standards. Both species are under increasing pressure due to 
habitat destruction, uncontrolled fires and climate change 

(Lovemore and Poynton 2004a and 2004b). They also have local-
ized distributions, which make them more vulnerable to decline 
or extinction (Cooper et al. 2008; Sodhi et al. 2008; Bielby et al 
2008).  Although originally only known to occur at high altitudes 
of Mount Mulanje, Nothophryne broadleyi subsequently has 
been reported to be present on isolated mountains in Mozam-
bique: Ribaue Mountain and Mount Namuli (Poynton 1966; Tim-
berlake et al. 2009). Additional surveys are warranted to monitor 
the occurrence of Bd on these and other endemic populations 
on Mount Mulanje.  Such surveys can inform land and natural 
resource managers whether intervention may be needed to pre-
serve the integrity of these unique amphibian communities. Bd 
is considered to be a significant factor in the decline and extinc-
tion in the wild of at least one amphibian species in Africa, the 
Kihansi Spray Toad, Nectophrynoides asperginis (Krajik 2006). 
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Table 1. Batrachochytrium dendrobatidis infection data for amphibians of the Mount Mulanje Area, Malawi. Altitude range is divided into 
Low (below 700 m above sea level), Medium (700–1000 m above sea level) and High (above 1000 m above sea level). LC = least concern, ED = 
endangered, DD = data deficient. Endemic = known only from Mount Malawi.

Species No. specimens CT (mean) a  Zoospore IUCN Altitudinal
 sampled/  equivalents status range
 No. infected  (ZSE) b

Afrixalus brachycnemis 4/0 0 0 LC Low
Afrixalus crotalus 4/1 38.8 0.1 LC Low
Amietia angolensis 16/4 20.4–33.8 1000–10 LC High and Low
Amietia johnstoni 7/2 27.2–37.3 80–0.9 ED/Endemic High
Amietophrynus gutturalis 1/0 0 0 LC Low
Amietophrynus maculatus 2/0 0 0 LC Low
Arthroleptis sp. 1 1/0 0 0 DD/Endemic Low
Arthroleptis sp. 2 1/0 0 0 DD/Endemic Low
Arthroleptis francei 1/0 0 0 ED/Endemic High
Arthroleptis stenodactylus 1/0 0 0 LC Low
Arthroleptis xenodactyloides 3/2 36.7–39.4 1–0.1 LC Low to medium
Chiromantis xerampelina 2/0 0 0 LC Low
Hemisus marmoratus 2/0 0 0 LC Low
Hyperolius tuberilinguis 3/0 0 0 LC Low
Kassina senegalensis 2/0 0 0 LC Low
Leptopelis broadleyi 4/0 0 0 LC Low
Leptopelis flavomaculatus 1/0 0 0 LC Low
Leptopelis mossambicus 2/0 0 0 LC Low
Nothophryne broadleyi 4/1 39 0.1 ED/Endemic High
Phrynobatrachus natalensis 4/2 31.6–40.0 12–0.1 LC Low
Ptychadena anchietae 3/0 0 0 LC Low
Strongylopus fuelleborni 2/1 39.0 0.1 LC High
Xenopus laevis 2/0 0 0 LC Low
Xenopus muelleri 4/1 39.5 0.1 LC Low
Total: 76/14
    
a The Ct (cycle threshold) is defined as the number of cycles required for the fluorescent signal to cross the threshold. Ct levels are inversely 
proportional to the amount of target nucleic acid in the sample. Samples with a Ct value of more than 40 cycles and a quantity of less than 0.1 
were considered negative (indicated as 0 in the table).

b A standard curve was constructed from the control reactions containing 100, 10, 1 and 0.1 B. dendrobatidis zoospores and the concentration 
determined for the test samples expressed as the number of Zoospore equivalents (ZSE).



Herpetological Review 42(3), 2011

     AMphibiAn DiseAses     371

liTeraTure CiTed

bell, r. C., a. V. g. garCia, b. l. STuarT, and K. r. Zamudio. 2011. High 
prevalence of amphibian chytrid pathogen in Gabon. EcoHealth. 
DOI: 10.1007/s10393-010-0364-4.

berger, l., r. Speare, p. daSZaK, d. e. green, a. a. Cunningham, C. l. gog-
gin, S. ron, m. a. ragan, a. d. hyaTi, K. r. mCdonald, h. b. hineS, K. 
r. lipS. g. maranTelli, and h. parKeS. 1998. Chytridiomycosis causes 
amphibian mortality associated with population declines in the 
rain forests of Australia and Central America. Proc. Nat. Acad. Sci. 
USA 95:9031–9036.

bielby, J., n. Cooper, a. a. Cunningham, T. W.J. garner, and a. purViS. 
2008. Predicting susceptibility to future declines in the world’s 
frogs. Conserv. Lett. 1:82-90. 

boSCh, J., i. marTineZ-Solano, and m. garCia-pariS. 2001. Evidence of 
a chytrid fungus infection involved in the decline of the common 
midwife toad (Alytes obstetricans) in protected areas of central 
Spain. Biol. Conserv. 97:331−337.

boyle, d. g., d. b. boyle, V. olSen, J. a. T. morgan, and a. d. hyaTT.  2004.  
Rapid quantitative detection of chytridiomycosis (Batrachochytri-
um dendrobatidis) in amphibian samples using real-time Taqman 
PCR assay.  Dis. Aquat. Org. 60:141−148.

brem, F., J. r. mendelSon iii, and K. r. lipS. 2007. Field-sampling pro-
tocol for Batrachochytrium dendrobatidis from living amphib-
ians, using alcohol preserved swabs. Conservation International, 
Arlington, Virginia. Available at:  http://www.amphibians.org Ver-
sion 1.0; accessed 18 July 2007. 

Channing, a. 2001.  Amphibians of Central and Southern Africa, Pro-
tea Books, Pretoria. 470 pp.

Cooper, n., J. T. g. bielby, and a. purViS. 2008. Macroecology and ex-
inction risk correlates of frogs. Global Ecol. Biogeogr. 17:211–221. 

du preeZ, l. h., and V. C. CarruTherS. 2009. A Complete Guide to the 
Frogs of Southern Africa. Struik Nature, Cape Town. 488 pp.

el mouden, e. h., T. Slimani, d. donaire, S. FernandeZ-beaSKoeTxea, 
m. C. FiSher and J. boSCh. 2011. First record of the chytrid fungus 
Batrachochytrium dendrobatidis in North Africa. Herpetol. Rev. 
42:71–75. 

FiSher, m. C., garner, T. W. J and S. F. WalKer. global emergenCe oF Ba-
trachochytrium dendroBatidis and amphibian ChyTridiomyCoSiS in SpaCe, 
Time and hoST. annu. reV. miCrobiol. 2009. 63:291–310

goldberg, T. l., a. m. readel, and m. h. lee. 2007. Chytrid fungus in 
frogs from an equatorial African montane forest in western Ugan-
da. J. Wildl. Dis. 43(3):521−524.

greenbaum, e., C. KuSamba, m. m. ariSToTe, and K. d. reed. 2008. Am-
phibian chytrid fungus infections in Hyperolius (Anura: Hyperoli-
idae) from eastern Democratic Republic of Congo. Herpetol. Rev. 
39:70–73. 

imaSeun, a. a., m. S. o. aiSien, C. Weldon, d. dalTon, a. KoTZe, and l. h. 
du preeZ. 2011. Occurrence of Batrachochytrium dendrobatidis in 
amphibian populations of Okomu National Park, Nigeria. Herpe-
tol. Rev. 42:379–382.

–––––, C. Weldon, m. S. o. aiSien, and l. h. du preeZ. 2009. Amphib-
ian chytridiomycosis: first report in Nigeria from the skin slough of 
Chiromantis rufescens. Froglog 90:6−8.

KielgaST, J., d. rödder, m. VeiTh, and S. löTTerS. 2010. Widespread oc-
currence of the amphibian chytrid fungus in Kenya. Anim. Con-
serv. 13, Suppl.1 (2010):36–43.

KraJiK, K. 2006. The lost world of the Kihansi toad: News-Focus. Sci-
ence 311:1230−1232.

lipS, K. r. 1999. Mass mortality and population declines of anurans 
at an upland site in western Panama. Conserv. Biol. 13:117−125.

–––––, J. d. reeVe, and l. r. WiTTerS. 2003. Ecological traits predicting 
amphibian population declines in Central America. Conserv. Biol. 
17(4):1078–1088.

longCore, J. e., a. p. peSSier, and d. K. niCholS. 1999. Batrachochytrium 
dendrobatidis gen. et sp. nov., a chytrid pathogenic to amphibians. 
Mycologia 91:219–227.

loVemore, m., and J. poynTon.  2004a. Amietia johnstoni. In IUCN 2010. 
IUCN Red List of Threatened Species. Version 2010.4. Available at: 
www.iucnredlist.org. Accessed 4 November 2010.

–––––, and –––––.  2004b. Nothophryne broadleyi. In IUCN 2010. 
IUCN Red List of Threatened Species. Version 2010.4. Available at: 
www.iucnredlist.org. Accessed 4 November 2010.

poynTon, J. C. 1966. Amphibia of northern Mozambique. Mems. Inst. 
Invest. cient. Mocamb. Ser. A. 8:13−34.

–––––, and d. g. broadley. 1985a. Amphibia Zambesiaca 1.  Scoleco-
morphidae, Pipidae, Microhylidae, Hemisidae, Arthroleptidae. 
Ann. Natal Mus. 26(2):503−553.

–––––, and –––––. 1985b. Amphibia Zambesiaca 2.  Ranidae.  Ann. Na-
tal Mus. 27(1):115−181.

–––––, and –––––. 1987. Amphibia Zambesiaca 3.  Rhacophoridae and 
Hyperoliidae. Ann. Natal Mus. 28(1):161−229.

–––––, and –––––. 1988. Amphibia Zambesiaca 4.  Bufonidae. Ann. 
Natal Mus. 29(2):447−490.

–––––, and –––––. 1991. Amphibia Zambesiaca 5.  Zoogeography. Ann. 
Natal Mus. 32:221−277.

raChoWiCZ, l. J., r. a. Knapp, J. a. T. morgan, m. J.  STiCe, V. T. Vreden-
burg, J. m. parKer, and d. C. J. briggS. 2006. Emerging infectious dis-
ease as a proximate cause of amphibian mass mortality. Ecology 
87:1671−1683.

rödder, d., J. KielgaST, J. bielby, S. SChmidTlein, J. boSCh, T. W. J. gar-
ner, m. VeiTh, S. WalKer, m. C. FiSher, and S. löTTerS. 2009. Global 
amphibian extinction risk assessment for the panzootic chytrid 
fungus. Diversity 1:52–66; doi:10.3390/d1010052.

roWley, J. l., and r. a. alFord. 2007. Behaviour of Australian rainforest 
stream frogs may affect the transmission of chytridiomycosis. Dis. 
Aquat. Org. 77:1–9.

SKerraTT, l. F., l. berger, h. b. hineS, K. r. mCdonald, d. mendeZ, and 
r. Speare. 2008. Survey protocol for detecting chytridiomycosis in 
all Australian frog populations. Dis. Aquat. Org. 80:85–94. 

Sodhi, n. S., d. biCKFord, a. C. dieSmoS, T. m. lee, l. p. Koh, b. W. 
brooK, C. h. SeKerCioglu, and C. J. a. bradShaW. 2008. Measuring 
the meltdown: drivers of global amphibian extinction and decline. 
PLoS ONE 3(2):e1636. doi:10.1371/journal.pone.0001636.

SoTo-aZaT, C., b. T. ClarKe, J. C. poynTon, and a. a. Cunningham. 2010. 
Widespread historical presence of Batrachochytrium dendrobati-
dis in African pipid frogs. Diversity. Distrib. 16:126−131

STeVenS, r. a. 1974.  An annotated check list of the amphibians 
and reptiles known to occur in southeastern Malawi.  Arnoldia 
6(30):1−22.

STuarT, S. n., J. S. ChanSon, n. a. Crox, b. e. young, a. S. l. ro-
drigueS, d. l. FiSChman, and r. W. Waller. 2004. Status and trends 
of amphibian declines and extinctions worldwide. Science 
306(5702):1783–1786. 

TimberlaKe, J. r., F. doWSeTT-lemaire, J. bayliSS, T. alVeS, S. baena, C. ben-
To, K. CooK, J. FranSiSCo, T. harriS, p. SmiTh, and C. de SouSa. 2009. 
Mt Namuli, Mozambique: biodiversity and conservation. Report 
produced under Darwin Initiative Award 15/036. Royal Botanic 
Gardens, Kew, London. Available at: www.kew.org/science/direc-
tory/projects/annex/Namuli_report_FINAL.pdf.

Weldon, C. 2005. Chytridiomycosis, an emerging infectious disease 
of amphibians in South Africa. PhD Thesis, North-West University, 
Potchefstroom, South Africa.

–––––, l. h. du preeZ, a. d. hyaTT, r. muller, and r. Speare. 2004. Evi-
dence for the origin of the amphibian chytrid fungus. Emerg. In-
fect. Dis. 10(12):2100−2105.


