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Abstract 

The Batrachochytrium dendrobatidis fungus has been implicated in the decline of many frog 
species as well as the extinction of some throughout the world. Apart from this, declines in some 
amphibian populations are also caused by variations in temperature. It has been proposed that 
the cause of the decline or apparent extinctions of at least 14 high elevation species of the 
Australian tropics were due to B. dendrobatidis. The main aim of this study was to determine the 
effect of seasonal variations on B. dendrobatidis infections and the influence these have on frog 
populations in the Drakensberg Mountains in South Africa. 

In one part of this study, frog populations from different altitudes in the Royal Natal National 
Park and Mont-aux Sources in the Drakensberg region were monitored; Hadromophryne 

natalensis from low altitude sites and Amietia vertebraiis from high altitude sites. 
Batrachochytrium dendrobatidis was detected in the field by using a 10x hand lens and in the 
laboratory with a compound microscope. No mortality has yet been observed in H. natalensis, 

but A. vertebraiis is disease-susceptible and die-offs do occur. Most of the mortalities have 
therefore occurred at high altitudes where temperature levels vary from cold to moderate. This 
pattern of susceptibility with regard to altitudinal gradient is reflected in case studies from the 
Australian and American tropics. Although B. dendrobatidis is prevalent throughout the year at 
both high and low altitudes, prevalence levels peak in winter and spring. It is important for 
conservation strategies of montane amphibian communities to determine whether the observed 
mortalities constitute evidence of actual declines or whether these can be regarded as part of 
natural fluctuations in population size. Although no declines have been observed as yet, the 
chance exists that declines could occur because A, vertebraiis is susceptible to the pathogen. 

Another part of this study was conducted with emphasis on the breeding behaviour of A. 

vertebraiis which is a semi-aquatic, high-elevation frog endemic to the Drakensberg Mountains 
and the Lesotho highlands. This species breeds in slow-flowing streams and associated pools 
with sandy bottoms. Published data indicates that breeding occurs after the first spring rains in 
September and continues until March. The objective of this part of the.study was to gain insight 
into the breeding biology of A. vertebraiis by studying empirical data gained from its tadpoles. 
Tadpoles were collected on a bimonthly basis over a two-year period for staging and 
measurement. Casual observations on adults and egg clutches were also documented. 
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Contrary to what has been documented, amplecting A. vertebralis pairs were observed as early 

as July; however, this could be an indication that they are opportunistic breeders. Tadpoles of 

different lengths and stages were collected throughout the year, supporting the notion that these 

frogs have an extended breeding season or that the breeding season is correctly described in 

the literature, but the development of the tadpoles takes place over an extended period of time. 

A preliminary study was conducted on the distribution of B. dendrobatidis along an altitudinal 
transect. Frogs were collected and DNA swabs were taken of each specimen and analysed with 
.qPCR sequencing. Infection was found at every site across the transect except for one. Altitude 
did not play an influential role in infection levels of this pathogen. Rainfall had a negative 
correlation with prevalence at some stages when floods occurred, otherwise prevalence 
increased gradually according to rainfall. Temperature did influence prevalence infections, but a 
consistent pattern according to correlation with prevalence infections was not observed. 

In conclusion, chytrid has a widespread distribution across southern Africa and has no 

preference to infect only certain species. Most of the species that have been sampled were 

found to have been infected. 
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Opsomming 

Die Batrachochytrium dendrobatidis-swam word beskou as bydraend tot die afname in 
baie paddaspesies en ook tot die uitsterwing van sommige spesies regoor die wereld. 
Afnames ten opsigte van amfibiese populasies word verder ook veroorsaak deur 
variasies in temperatuur. Daar is al aan die hand gedoen dat B. dendrobatidis die 
oorsaak was van die afname of duidelike uitsterwings van sowat 14 paddaspesies wat 
by hoe hoogtes voorkom in die Australiese trope. Die doel van hierdie studie was om die 
effek van seisoenale variasies op B. dendrobatidis infeksies te bepaal, tesame met die 
invloed wat dit het op paddapopulasies in die Drakensberge. 

In een deel van die studie is paddapopulasies wat by verskeie hoogtes voorkom in die 

Royal Natal Nasionale Park en Mount-aux Sources in die Drakensberge gemoniteer. 

Hadromophryne natalensis het by lae hoogtes voorgekom en Amietia vertebralis het by 

hoer hoogtes voorgekom. Batrachochytrium dendrobatidis is waargeneem in paddavisse 

deur gebruik te maak van 'n 10x handlens in die veld en 'n standaard-

elektronmikroskoop in die laboratorium. Geen mortaliteite is tot dusver in H. natalensis 

waargeneem nie, maar A. vertebralis is baie vatbaar vir die siekte en mortaliteite het wel 

voorgekom in die spesie. Die meerderheid van hierdie mortaliteite het voorgekom by hoe 

hoogtes waar temperatuurvlakke gefluktueer het tussen koud en middelmatig. Die 

patroon ten opsigte van vatbaarheid vir die swam met inagneming van die 

hoogtegradient word in gevallestudies van die Australiese en' Amerikaanse trope 

gereflekteer. Alhoewel B. dendrobatidis teenwoordig is regdeur die jaar by beide hoe en 

lae hoogtes, bereik prevalensie 'n piek tydens die winter en lente. Dit is belangrik vir 

bewaringstrategiee wat gemoeid is met bergagtige paddapopulasies dat daar bepaal 

word of die waargenome mortaliteite wel aanduidend is van 'n afname in populasies en 

of dit bloot deel uitgemaak het van natuurlike fluktuasies in populasiedigthede. Alhoewel 

geen afnames in populasies al waargeneem is nie, bestaan daar wel 'n kans dat 'n 

afname kan plaasvind aangesien A. vertebralis baie vatbaar is vir die siekte. 

Die volgende deei van die studie was begaan met die broeigedrag van A. vertebralis wat 

'n semi-akwatiese padda is wat by hoe hoogtes voorkom en wat endemies is tot die 

Drakensberge en die Lesotho-Hoeveld. Die paddaspesie broei in stadig-vloeiende 
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strome en poele met sandagtige substrate. Gepubliseerde data dui daarop dat die 
spesie broei vanaf September tot Maartmaand. Die doel van hierdie deel van die studie 
was om insig te verkry oor die broeigedrag van die spesie deur empiriese data van sy 
paddavisse te bestudeer. Paddavisse is versamel op 'n tweemaandlikse basis oor 'n 
periode van twee jaar. Daar is klem gele op paddavisstadiums en die lengtes van die 
paddavisse. Observasies van volwasse paddas en van eierpakkies is ook aangeteken. 

Ten spyte Van wat tipiese gedokumenteerde data aandui ten opsigte van die 

broeigedrag van die spesie, is paddas wat in ampleksus was waargeneem so vroeg as 

Juliemaand. Hierdie waarnemings kan moontlik aanduidend daarvan kan wees dat hulie 

opportunistiese broeiers' is. Paddavisse van verskeie groottes en stadiums is versamel 

regdeur die jaar; dit ondersteun die idee dat die spesie heeljaar broei of is aanduidend 

daarvan dat hulle'n veriengde broeiseisoen het. 'n Ander gedagte wat ook vorendag kom 

is dat die spesie wel die broeitydperk beset soos bekend vanaf die literatuur, maar dat 

die paddavisse'n langer ontwikkelingstydperk het. 

'n Voorstudie is gedoen ten opsigte van die verspreiding van B. dendrobatidis oor 'n 

hoogtegradienttransek. Paddas is versamel by verskeie persele op die transek en DNA 

watte pluis is geneem van elke padda. Die watte pluis is geanaliseer met qPCR-

anaiisering. Infeksie is by elke perseel op die transek gevind, behalwe by een perseel. 

Hoogte bo seespieel het nie 'n beduidende rol gespeel by die infeksievlakke van die 

patogeen nie. Reenval het 'n negatiewe korrelasie getoon ten opsigte van prevalensie 

veral met sekere tye wanneer vloede plaasgevind het. Andersins het prevalensie 

stelselmatig toegeneem in samehang met reenval. Temperatuur het nie 'n groot invloed 

op prevalensie-infeksies gehad nie, maar 'n konstante patroon is nie waargeneem in 

korrelasie met prevalensie nie. 

Ten slofte: chytrid het wydverspreid voorgekom in suider-Afrika en het geen voorkeure 

getoon ten opsigte van watter spesies dit gelnfekteer het nie. 
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Chapter Outlay 

Chapter 1 
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objectives of the study have also been presented. 

Chapter 2 

This chapter presents the general material and methods for each of the different field surveying techniques 

and their different objectives. It includes different ways of collecting frogs and field sampling techniques. 

Furthermore, it describes the study areas, site allocations and provides an overview of the two main focal 

areas studied in the Drakensberg Mountains. 

Chapter 3 

In this chapter, data that were collected and analysed regarding the influence of temperature and the effect it 

has on B. dendrobatidis is discussed. The data on the effect of B. dendrobatidis on frog populations in the 

Drakensberg Mountains and across an altitudinal transect from KwaZuIu-Natal to the North-West Province is 

presented in the chapter. Data for the breeding behaviour of A vertebralis are also included. 

Chapter 4 

In this chapter, a general discussion is offered on all the results and findings of this case study. Included in 

this chapter are recommendations for future research. 

Chapter 5 

In this chapter specific possibilities for further research that can be conducted in the mountains on the two 

frog species and their populations are presented. Suggestions regarding possible improvements in terms of 

research in this study are also offered. 
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Introduction and Literature 
Study 

1.1 Importance of amphibians 

Amphibians were the first group of vertebrates to colonise land approximately 360 million years 

ago. This invasion of land required remarkable morphological and physiological changes to the 

amphibian body and constituted perhaps the most dramatic event in'animal evolution. Amphibians 

have since radiated and today they are found on all hospitable continents and on most of the larger 

islands. They display a far greater diversity and modes of life history than any other vertebrate 

group. Extant amphibians are divided into three main groups; the order Gymnophiona or Apoda 

(wormlike, legless amphibians), the Caudata or Urodela (salamanders) and Anura or Salientia 

(frogs and toads). 

Amphibians are integral components of many ecosystems (Burton & Likens, 1975), they serve 

as prey and as predators in ecosystems (Porter 1972) and the larvae can be important herbivores 

(Dickman, 1968; Seale, 1980; Morin et al., 1990) as well as prey (Duelman & Trueb, 1986) in 

aquatic environments. Amphibians are also good environmental indicators because they are in 

contact with both water and land. The absence of amphibians at aquatic sites is a clear indication of 

poor environmental quality. 

1.2 Amphibian declines 

A worldwide decline in amphibians could have an important impact on other animals and the 
ecosystem in general. Amphibian species have been declining over the years, and a sudden 
decline in species occurred from the 1970s in the western United States, Peurto Rico and north
eastern Australia (Drost & Fellers, 1996; Burrows et al., 2004; Czechura & Ingram, 1990). There 
are currently over 6 500 described amphibian species, with 5 787 being Anura, 582 Caudate and 
176 Gymnophiona (AmphibiaWeb, 2009). Over 32% of amphibians are listed as globally 
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endangered and 43% are declining in population size (Frost, 2007); furthermore, almost 200 

species are likely to have become extinct since the 1980s (Stuart et al., 2004). 

There has been a great deal of debate about the reasons for these declines. Some of these 

reasons are discussed below: 

Global warming, which refers to the increase in the average measured temperature of the 

earth's near-surface air and oceans since the mid-twentieth century, and its projected continuation. 

The Intergovernmental Panel on Climate Change (IPCC) concludes that, "most of the observed 

increase in globally averaged temperatures since the mid-twentieth century are very likely due to 

the observed increase in anthropogenic (man-made) greenhouse gas concentrations" via an 

enhanced greenhouse effect. Natural phenomena such as solar variation combined with volcanoes 

probably had a small warming effect from pre-industrial times until 1950 and a small cooling effect 

from 1950 onward (Kiesecker et al., 2001; Pounds et al., 2006; Hegeri et al., 2007; Ammarm etai, 

2007). 

The loss of habitat due to deforestation and human interference, which destroyed or 

fragmented suitable habitats for amphibian species (Alford & Richards, 1999; Blaustein etai, 1994; 

Hayes & Jennings, 1986; Phillips, 1990; Tyler, 1997; Wyman, 1990). 

Chemical pollution has been shown to cause deformities in frog development such as extra 

limbs or malformed eyes. Some chemicals are also known to have an effect on the central nervous 

system of frogs. Other pollutants such as atrazine are known to cause a disruption in the production 

and secretion of hormones (Bridges & Semlitsch, 2000; Phillips, 1990; Sparling et al., 2000; 

Wyman, 1990). 

Acid precipitation has harmful effects on the environment, habitats of animals and on 

structures. Acid rain is mostly caused by emissions due to human production of sulphur and 

nitrogen compounds which react in the atmosphere to produce acids (Phillips, 1990; Wyman, 

1990). 

Increased ultra violet radiation: recent studies by Blaustein et al. (2003) indicated that the 

depletion of stratospheric.ozone and an increase in UV-B radiation reduce the hatching success of 

embryos and tadpole survival in some amphibian species. 
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The introduction of exotic species into the wild: non-native predators and competitors have 

also been found to affect the viability of frogs in their habitats. Introducing non-native fish into 

habitats for recreational purposes such as fishing can have a detrimental effect on frog populations 

because the tadpoles and developing frogs fall prey to these fish (Hayes & Jennings, 1986; Phillips, 

1990; Tyler, 1997; Wyman, 1990). 

Natural population fluctuations, harvesting by humans and diseases also cause declines 

in amphibian populations (Phillips, 1990; Wyman, 1990). In particular, diseases such as "red leg" 

disease (Aeromonas hydrophila), ranavirus, anuraperkinsus and chytridiomycosis have been 

related to die-offs of species. 

1.3 The amphibian chytrid Batrachochytrium dendrobatidis 

Batrachochytrium dendrobatidis was detected in dead and dying anurans in 1998 (Longcore et 

al., 1999) and since then research has shown that the fungus is widespread, occurring over five 

continents: North and South America, Australia, Europe and Africa (Longcore etai., 1999; Berger et 

al., 1999b; Lips, 1999; Mutschmann etai., 2000; Bosch etai, 2001; Fellers etai., 2001; Speare et 

al., 2000; Bradley et al., 2002; Weldon et al., 2004.). The earliest global record was found in 

Xenopus laevis from South Africa that was collected in 1938 (Weldon et al., 2004). This formed 

part of a historical survey that was conducted on 697 archived specimens of 3 species of Xenopus 

collected from 1879 to 1999 in southern Africa. Batrachochytrium dendrobatidis is a fungal 

pathogen that has started to cause observable declines since the 1970s and has been implicated in 

the decline and extinction of many frog species in the world; it was described in both wild (Berger et 

al., 1998; Bosch et al., 2001) and -captive amphibians (Pessier et al., 1999; Mutschmann et al., 

2000) as a cutaneous disease, chytridio mycosis (Pessier et al., 1999). Chytrid fungi 

(Chytridiomycota) constitute a large and diverse group and have been found in many different types 

of environments, including rainforests, deserts and arctic tundra (Powell, 1993). They are mostly 

found in water where they degrade chitin from dead insects, cellulose from vegetable matter, and 

pollen and keratin from hair and skin. They play an important role in the ecosystem as biodegraders 

(Barr, 1990). 

1.3.1 Life cycle of Batrachochytrium dendrobatidis 

Batrachochytrium dendrobatidis has a life cycle that progresses from zoospore to a growing 

thallus, which produces a single zoosporangium (sporangium) that in turn produces zoospores. The 

zoospores exit the sporangium through one or more discharge papillae. Although sexual 
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reproduction has not been observed, it is known that colony development results from more than 
one sporangium that develops from one zoospore (asexual amplification) (Berger et al., 2005). 
According to Longcore et al. (1999), the formation of more than one sporangium from one zoospore 
is the only known variation of the cycle. 

Zoospores are discharged through an inoperculate opening in both colonial or monocentric 

thalli (Longcore et al., 1999). Sporangia infect the cells in the stratum granulosum and the stratum 

corneum that are situated in the superficial epidermis in amphibians. Immature sporangia usually 

occur inside the deeper cells that are more viable, while the mature and empty zoosporangia occur 

in the outermost layers that are keratinised. Zoospores are released into the environment by 

discharge tubes that are projected towards the skin surface to facilitate the release of zoospores. 

When the sporangia infect amphibians they form clusters where the zoospores become encysted. 

Clustering may either be caused by zoospores that are attracted to foci of infection, or the 

zoospores infect the surrounding cells in the skin because they have a limited time of mobility that 

facilitates dispersal before they encyst (Piotrowski et al., 2004). According to Weldon and Du Preez 

(2006), sporangia aggregate in clusters in the cell as a result of the colonisation strategy of the 

organism. It is said that the colonies have a tendency to expand concentrically from the point that 

was originally infected and this, in turn, results in a core of hyperkeratotic tissue devoid of 

sporangia. When B. dendrobatidis is grown on agar, a similar pattern can be observed. Zoospores 

'encyst themselves on the edges of already existing colonies and, in turn, the colony expands as a 

result of this behaviour (Weldon & Du Preez, 2006). Some zoospores can be released into 

intercellular spaces, preventing them from escaping the infected area and forming new clusters 

(Berger et al., 2005). Sporangia in infected tadpoles are distributed among the keratinised areas 

and as the tadpoles develop, the distribution disperses among the keratinised parts (Marantelli et 

al., 2004). The distribution of sporangia in adult frogs is an indication that a multilayered, 

keratinised epidermis must be present for B. dendrobatidis to occur as a parasite (Berger et al., 

1998; Marantelli et al., 2004). Infection can spread from tadpoles to metamorphs and adult frogs 

(Rachowicz & Vredenburg, 2004). 

Two hypotheses have been proposed with a view to explaining how it could be possible for a 
fungus that is restricted to the superficial epidermal layer to kill its amphibian host. The first 
hypothesis proposes that B. dendrobatidis releases proteolytic enzymes or other compounds that 
break down proteins and these are taken up by the permeable skin of frogs. The second hypothesis 
is that the skin is damaged and its functions related to respiration and water or electrolyte balance 
are disturbed, which ultimately results in death (Berger et al., 1998; Pessier etal., 1999). 
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Because this fungus is situated in the epidermal layer, a loss of infection can occur when frogs 

shed their skin at high temperatures (Berger et al., 2004; McDonald et al., 2005; Weldon & Du 

Preez, 2006). High temperatures (i.e. >25°C) increase the rate of epidermal turnover and reduce 

the growth of the chytrid (Piotrowski et al., 2004). According to Berger et al. (2005), this could be 

because the fungus does not have sufficient time to complete its life cycle before the frog sheds its 

skin. 

1.3.2 Morphology 

Batrachochytrium dendrobatidis can be identified by the presence of spheroid, walled, and 

sometimes septate sporangia that typically occur in clusters (figure 1). The fungus was originally 

isolated from the blue poison dart frog (Dendrobates auratus) and described by Longcore et al. 

(1999). Chytridiomycota are characterised by the presence of chitin in the cell, wall and the 

production of motile zoospores (3-5 urn diameters) with a single posterior directed flagellum which 

develops into stationary sporangia (Longcore et al., 1999). These sporangia form discharge 

papillae through which the zoospores are released (Berger et al., 1999a). The zoospores of B. 

dendrobatidis are waterbome and they can live for up to 24 hours; they are infective to both 

amphibian larvae and adults. The zoospores do not have a cell wall and they require water for 

dispersal; furthermore, they can. only swim short distances - less than 2 cm (Piotrowski et al, 

2004). This suggests that the zoospores are unable to swim long distances in search of hosts. 

Piotrowski et al. (2004) also suggest that this could be the explanation for the clustering of chytrid 

sporangia on the skin and mouthparts of amphibians. 

Figure 1: Batrachochytrium dendrobatidis infection between the keratodonts (K) of an Amietia vertebralis tadpole. 
The arrows indicate clusters of spherical sporangia of Batrachochytrium dendrobatidis. 
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1.4 Chytridiomycosis and amphibian declines 

Chytridiomycosis has been implicated as the cause of amphibian deaths and some population 

declines (Berger et al., 1998; Lips, 1999; Bosch et al., 2000; Bradley et al., 2002). There is 

epidemiological, pathological, and' experimental evidence that some amphibian populations 

suddenly declined due to mass mortalities caused by chytridiomycosis (Berger et al., 1999a). The 

disease has been connected with amphibian declines across the world: North America, Central 

America, Australia, Europe and Africa (Berger etal., 1999b; Carey et al., 1999; Bosch et al., 2001; 

Lips et al., 2003, Weldon & Du Preez, 2004). it has been proposed that in Queensland, Australia, 

the cause of the decline or apparent extinctions of at least 14 high elevation species of rainforest 

frogs was B. dendrobatidis (Retallick et al., 2004). Although B. dendrobatidis has a broad 

amphibian host range and is currently widespread among many species, not all of the species that 

are susceptible have declined. The selectivity of the declines may be due to a combination of 

environmental factors and host biology that provide the necessary conditions for expression of the 

disease, as well as making species less able to recover after populations have declined 

dramatically. Declining species from high altitude rainforests have restricted geographical ranges 

•and smaller clutch sizes, and their larvae are associated with streams - the adults inhabit streams 

(Williams'& Hero, 1998; McDonald & Alford, 1999). This can be an indication that the disease 

responsible for these declines is waterbome (Kriger & Hero, 2008). A seasonal peak of infection 

was found during the cooler months by Retallick et al. (2004). This fungus infects two of the three 

amphibian orders (Anura and Caudata). Chytridiomycosis is one of the few causes, together with 

other factors, that caused extinction of about 200 species in 14 families, since the 1980s (Stuart et 

al., 2004). 

1.4.1 Pathogenesis 

This amphibian chytrid fungus is known to cause widespread infection of the skin. Some of the 

lesions that chytridiomycosis cause in tadpoles include structural damage to the keratinised 

mouthparts and depigmentation of the keratodonts and rostrodonts. The depigmentation is most 

common in the upper keratodonts of the tadpole's mouth. According to Berger et al. (1999b), B. 

dendrobatidis infects the keratinised cutaneous epithelium of adult amphibians and the keratinised 

mouthparts of tadpoles. Smith etal. (2006) found that infected tadpoles may suffer reduced growth 

and developmental rates as a result of oral chytridiomycosis and that these possibly affect adult 

fitness. Infected tadpoles can also serve as reservoirs for'B. dendrobatidis capable of transmitting 

the disease to post-metamorphic individuals with consequent disease outbreaks (Rachowicz & 
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