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The humble dweller in the bog 

Is something more than “just a frog” 

Or “just a toad”. The lizard and the snake, 

That glide secretive through the brake, 

Bear equal witness to His Name 

With feathered fowl or graceful game. 

The huge earth-shaking pachyderm 

Is no more marvellous than the worm. 

The beetle in its earthy bed, 

The lion that roars above its head, 

The mountain range, the grain of sand, 

Require the same Creative hand. 

- Walter Rose -
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Abstract 
 

This study resulted from the identification of gaps in the literature pertaining to the morphological 

descriptions of the tadpoles occurring at high altitudes in the Drakensberg Mountains in South Africa. 

These tadpoles are exposed to low temperatures, high desiccation risk, elevated ultraviolet radiation, 

competition, and predation and inhabit the clear, flowing streams and marsh areas of the mountain. 

Highly varying environmental conditions caused tadpoles to have considerable intraspecific variation. 

The high degree of plasticity necessitated extensive descriptive studies of tadpole morphology in order to 

document intraspecific variation and set up reliable keys for species identification. Specified adaptations 

to the extreme montane conditions are present in tadpoles of certain species. An especially interesting 

adaptation is the elygium, a hemispherical pigmented area above the eye, which apparently protects the 

retina from harmful ultraviolet radiation. There are no known studies of elygium plasticity in tadpole eyes 

in relation to variation in ultraviolet radiation. Particular attention was given to the functionality and 

cytology of this structure. Detailed measurements of tadpoles of six frog species of the high altitude 

Drakensberg Mountains were made. Morphological adaptations were described on the basis of these 

measurements. The cytological origin of the elygium of Amietia vertebralis was revealed through 

histological and cellular ultrastructure studies. The change in elygium morphology over time was studied 

as a function of ultraviolet intensity by exposing tadpoles to different levels of ultraviolet radiation. From 

the detailed morphological descriptions a more reliable binomial key was constructed, which made it 

possible to distinguish between Amietia umbraculata and A. vertebralis. A new amended definition of the 

epidermal elygium can now be given as an area of melanophores originating from the pigmented 

epithelium of the retina, forming a hemispherical shape from the dorsal margin of the iris. It is positioned 

in such a way as to protect the retina when light enters directly from above. This empirical study of the 

functional significance of the elygium showed that elygium morphology was considerably plastic, and 

that there were differences in elygium area and base length in the presence or absence of UVB radiation. 

In the presence of high UV radiation tadpoles produced an elygium with a broader base rather than longer 

elygia with a larger area. A wider elygium base shaded the pupil more effectively, thus protecting the 

retina from harmful UV radiation. The presence of a ventral elygium was also discovered. 

 

Key words: Amietia, Anura, elygium, morphology, plasticity.
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1Introduction and Literature review 

1.1. Background 

The 6638 recognised species (Frost, 2010) of amphibians are known to inhabit all hospitable continents 

where they are exposed to a wide spectrum of environmental conditions and ecosystem structures. The egg, 

tadpole, and adult have unique adaptations to their environments driven by the various components of the 

ecosystems (Harris, 1999). In that context, the typical complex life cycle of amphibians that involves the 

exploitation of two or more different ecological environments is frequently viewed as an adaptation in itself 

(Wassersug, 1975; Wilbur & Collins 1973). 

For tadpoles, the biotic and physical environment is the driving force behind their plasticity and 

adaptation. Biotic factors associated with the pond environment that exert selection pressure for adaptation 

include predation, interspecific competition, intraspecific competition, and parasitism (McDiarmid & Altig, 

1999). Physical factors that influence tadpole morphology include mean temperature, temperature 

fluctuations, water movements, pH, nutrients, contaminants, dissolved O2, and risk of desiccation (Alford, 

1999). Variation in the biotic and physical environment causes variation in the morphology of anuran larvae 

over short periods, which has resulted in misidentification of tadpoles, controversy in taxonomy and 

inaccurate biodiversity studies. For these reasons extensive morphological descriptions of tadpoles and 

variation within populations are essential for accurately identifying species and to understand the adaptability 

of tadpoles within their environment. 

Interspecific variation is often trivial or absent (for example among the bufonid species) and is either 

not recognised or it is poorly comprehended in many taxa (Altig & McDiarmid, 1999). Anurans have 

morphologically and ecologically divergent larval and postlarval stages, each with a range of specializations 

(Harris, 1999). Larval specializations include keratinized teeth, a buccal pump mechanism, a long coiled 

intestine, and caudal locomotion. 

This study resulted from the identification of gaps in the literature pertaining to the morphological 
descriptions of the tadpoles occurring at high altitudes in the Drakensberg Mountains in South Africa. 
These tadpoles are exposed to low temperatures, high risk of desiccation, elevated ultraviolet radiation, 
competition, and predation and inhabit the clear, flowing streams and marsh areas of the mountain. An 
especially interesting adaptation is the elygium, a hemispherical pigmented area above the eye which is 
thought to protect the retina from harmful UV radiation. Particular attention was given to the structure and 
function of the elygium. 
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1.2. Basic body plan of a tadpole 

The anuran larva is divided into two main parts, the body and the tail (Figure1.1a). In the general body plan 

of the tadpole, the mouth (oral apparatus) is situated anterior-ventrally, eyes dorsally or laterally positioned, 

the nostrils positioned between the eyes and the oral disc, the spiracle on the left laterally positioned, and the 

vent situated posterior-ventrally at the tail-body junction. The tail consists of the tail musculature 

commencing at the thick base of the body-tail junction and narrowing gradually to a sharp tip and a dorsal 

and ventral fin that varies in shape between species. 

Oral apparatus 

The position, orientation, and morphology of the oral apparatus vary between species and consist of the 

following structures: positioned centrally, the pigmented jaw sheaths, serrated on their edges; the anterior and 

posterior labia with tooth rows on tooth ridges; the oral disc is surrounded by marginal papillae (Figure 1.1b). 

Using the anterior and posterior tooth rows, a labial tooth row formula (LTRF) can be derived and is used to 

differentiate between tadpole species.  

Vent 

The aperture through which faeces exit is called the vent and is usually located in the sagittal plane and 

generally associated with the ventral fin. Major configurations of vent tubes are shown in Figure 1.1c. 

Eyes 

Tadpoles’ eyes can be positioned dorsally or laterally (Figure 1.1d) and are usually orientated laterally. When 

positioned laterally, a tadpole’s eyes are always orientated (facing) laterally with the silhouette of the eyes 

visibly from a dorsal view, while eyes positioned dorsally might face either dorsally or laterally with no 

silhouette in dorsal view. 

Spiracle and operculum 

The operculum is the gill covering of tadpoles and is not homologous to the operculum in fish. The spiracular 

opening is the outlet for the respiratory water pumped from the mouth and forms as a result of the growth and 

fusion pattern of the operculum. In the majority of Southern African species the vent is sinistral but in the 

Bufonidae it is medial and in the Pipidae a pair of spiracular openings is present. Figure 1.1e shows patterns 

in spiracular tube arrangements and configurations found around the globe. 

Both intraspecific and interspecific variation exists in each of the tadpole morphological characters 

mentioned. This variation in morphology is directly linked to the high phenotypic plasticity of tadpoles in 

response to environmental conditions. 
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Figure 1.1 (a) Primary landmarks and measurements of a tadpole body. (A) Lateral view. (B) Dorsal view. 
Abbreviations: BL = body length; IND = internarial distance; IOD = interorbital distance; MTH = 
maximum tail height; TAL = tail length; TL = total length; TMH = tail muscle height; and TMW = tail 
muscle width; OA = oral apparatus; V = vent; S = spiracle. (b) Oral apparatus of a tadpole showing 
emarginated (left side) and not emarginated (right side) conditions of an oral disc. Abbreviations: AL = 
anterior (upper) labium; A-1 and A-2 = first and second anterior tooth rows; A-2 GAP = medial gap in the 
second anterior tooth row; LJ = lower jaw sheath; LP = lateral process of upper jaw sheath; M = Mouth; 
MP = marginal papillae; OD = oral disc; PL = posterior (lower) labium; P-1, P-2 and P3 = first, second and 
third posterior tooth rows; SM = submarginal papillae; and UJ = upper jaw sheath. The labial tooth row 
formula (LTRF) in this example is 2(2)/3. (c) Schematic drawings of major configurations of spiracle and 
vent tubes. (A) Left-lateral views of spiracular tubes that essentially face posteriorly. (B) Lateral views of 
the right side of supine tadpoles showing vent tube (arrows indicate points of attachment of right wall). (C) 
Schematic cross-sections through the base of the tail fin of supine tadpoles showing various placements of 
the vent tube. (d) Dorsal views of stylized tadpole bodies showing eye position. (A) Lateral. (B) Dorsal. (e) 
Basic patterns in spiracular tube arrangement in anuran larvae. (A) Single, sinistral, Dendrobates tinctorius. 
(B) Single, sinistral with long spiracular tube, Otophryne pyburni. (C) Dual, lateral, Lepidobatrachus 
llanensis. (D) Dual, lateroventral, Rhinophrynus dorsalis. (E) Single, posterior ventral, Kaloula pulchra. 
(F) Single, midventral (on chest), Ascaphus truei. Adapted from Altig & McDiarmid (1999). 

a b 

d c 

e 
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1.3.  Phenotypic plasticity and diversity in tadpoles 

The large plasticity resulting in variation in tadpole morphology is well documented (Newman, 1989; Relyea, 

2002b; Van Buskirk, 2002a; Lardner, 2000; Touchon & Warkentin, 2008). Phenotypic plasticity in 

morphology occurs as a result of exposure to altered environmental variables. Tadpoles utilize a wide range 

of microhabitats within which they flourish within and to which they have evolved specific adaptations, 

resulting in a high diversity of morphotypes which is reflected in their large diversity. Convergence has 

resulted in the formation of ecomorphological guilds, composed of tadpoles that posses similar adaptations to 

specific habitat types (Altig & Johnston, 1989). Intraspecies diversity may be explained by the flexible 

phenotypic plasticity of tadpoles (Altig & McDiarmid, 1999). Characters of interest are body morphology, 

oral morphology, tail morphology, integument and chromatophores, and eyes. These are the characters that 

have both intraspecific and interspecific variation and were also used in assembling the ecomorphological 

characters. 

The most growth that occurs in a tadpole is represented by the exponential phase of a sigmoid curve 

(Strauss & Altig, 1992). Before and after this phase of maximum growth there are phases of maximum 

significant development and little growth (Altig & McDiarmid, 1999; Hensley, 1993). It is in this latter phase 

that a tadpole’s morphology is more likely to undergo changes in response to variation in environmental 

conditions. Extensive research has been carried out on the functional and evolutionary aspects of larval 

morphological plasticity, especially as a function of predator presence (Lind & Johansson, 2009; Relyea, 

2002a; Steiner & Van Buskirk, 2008, 2009; Van Buskirk & Steiner, 2009; Van Buskirk & Saxer, 2001; Van 

Buskirk, 2000, 2002b, 2009a, 2009b; Van Buskirk et al., 2003). 

1.4. Variation as adaptation to habitat 

To attempt to understand the functional aspects of tadpole morphology as a function of ecological diversity, 

Orton (1953) formalised the concept of ecomorphological characters for different groups of tadpoles. This 

approach was advocated by Altig & Johnston (1989) who described a full set of characters used to sort 

tadpoles. 

Ecomorphological guilds 

An ecomorphological guild is a categorization of a group of tadpoles from several taxa that share common 

morphological features that collectively suggest some sort of commonality in ecology. Tadpoles with similar 

ecologies often have similar morphological features regardless of their taxonomic relationships. Many 

attempts have been made to understand the primitive or derived nature of larval characters (e.g., Donnelly et 

al., 1990; Duellman & Trueb, 1989; Griffiths, 1963; Griffiths & De Carvalho, 1965; Inger, 1967; Kluge, 
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1988; Kluge & Farris, 1969). Orton (1953) formalised the concept of ecomorphological types by describing 

arboreal, carnivorous, mountain-stream, nektonic, and surface-feeding tadpoles, and also gave recognition to 

direct development as a category for frogs. The authors listed above all built on Orton’s (1953) concept and 

Altig & Johnston (1986; 1989) compiled all these characters to define each ecomorphological guild which is 

summarised in Table 1.1. 

Table 1.1 Ecomorphological diversity of anuran tadpoles summarised from Altig & Johnston (1989). 

Ecomorphological 

guild 

Brief description 

ENDOTROPH Developmental energy to produce a free-living juvenile (= froglet) derived entirely from 

maternal sources of energy, usually vitellogenic yolk. This guild can be subdivided into six 

developmental guilds. 

EXOTROPH Developmental energy derived from ingested food as a free-living larva (= tadpole) after yolk 

supplies are exhausted during embryological and hatchling stages. 

 Lentic / lotic habitats 3 guilds, including large benthic assemblage involving many taxa from several families, occur 

in both lentic and lotic water with no morphological differentiation related to either habitat. 

 1. Benthic: rasp food from submerged surfaces; mostly at or near bottom, pools and 

backwaters in lotic sites. 

 2. Nektonic: rasp food from submerged surfaces; live somewhere within the water column, 

quiet backwaters in lotic sites. 

 3. Neustonic: filter particles in or near the surface film with upturned oral disc. 

 Lentic only Inhabits various microhabitats in nonflowing systems. 

 4. Arboreal: inhabits isolated pockets of water (i.e. phytotelmata), elevated or not, 

sometimes spend time out of the water. Five different types of arboreal guilds. 

 5. Carnivorous: feeds on macroinvertebrates as well as conspecific and heterospecific 

tadpoles (excluding scavenging). 

 6. Macrophagous: presumably feed by taking large bites of attached materials on submerged 

substrates. 

 7. Suspension feeder: feeds almost entirely by maintaining their position in the water 

column and pumping water through buccopharyngeal structures to entrap small 

suspended particles. Two types are distinguished. 

 8. Suspension-rasper: combination of rasping food from surfaces and filtering suspended 

particles. 

 Lotic only Inhabits various microhabitats in flowing water systems. 

 9. Clasping: inhabit medium to slow currents, position maintenance via oral disc. 
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 10. Adherent: inhabit faster flowing waters than Clasping tadpoles. 

 11. Suctorial: inhabit faster flowing water than Clasping or Adherent tadpoles. 

 12. Fossorial: inhabit leaf mats in slow moving water. 

 13. Gastromyzophorous: inhabit fast and often turbulent water via adhesion with the oral disc 

and an abdominal sucker. 

 14. Psammonic: Bury themselves in sand in shallow, slow flowing areas of small creeks. 

 15. Semiterrestrial: inhabit rock faces, leaves, and the forest floor that provide damp or wet 

surfaces with little free water. 

By assigning morphological attributes to tadpoles, they fall into one of the categories described in Table 1.1. 

Depending on the niche each tadpole species utilizes, a variety of adaptations are selected for better 

attachment, floatation, feeding, respiration, and mobility. Body shape correlates with habitat in such a way 

that tadpoles living in benthic systems are commonly depressed dorsoventrally (wider than high) or at least at 

the snout region, and tadpoles in stagnant water are compressed laterally (higher than wide). The species that 

occur in strong or mildly flowing streams (ecomorphological guild: adherent) have a flat body so that the 

body is depressed and thus more streamlined, whereas the species occurring in the stagnant pools have a 

more rounded body plan. Tadpoles that have a strong muscular tail are adapted to lotic conditions for easier 

locomotion fast flowing systems (Altig, 2007). Tadpoles of the same species caught in flowing water versus 

stagnant water will have different tail fin morphologies (Van Dijk, 1966; Jennings & Scott, 1993). Oral 

morphology also varies in shape and complexity for each habitat type. Proportionally larger oral discs with 

more tooth rows will serve for better attachment to substrates, whereas no tooth rows with a wide mouth will 

serve for effective filtering of suspended particles (Altig & Brodie, 1972; Gradwell, 1971; Gradwell 1975; 

Van Dijk, 1972). The corneas of some tadpoles exposed to high UV radiation, especially at high altitudes, 

have a pigmented area above the pupil. 

These variations do not only occur interspecifically, but there is also considerable intraspecific variation in 

populations of tadpoles utilising different habitats. For example, conspecific tadpoles collected in clear 

opposed to turbid water vary tremendously in colour, and cultured tadpoles often have anomalous mouthparts 

compared to wild-caught specimens of the same species (Jennings & Scott, 1993). Also, tadpoles of the same 

The function of these pigmented areas in protecting the tadpole retina from UV radiation is hypothetical 

and has not been tested. Phenotypic plasticity in sensitivity of eyes to UV has been studied in salmonid 

fish and involves a change in photosensitivity of the rods and cones of the retina (Deutschlander et al., 

2001; Dyer, 2001; Hawryshyn et al., 2001). Plasticity in tadpole eyes involving protection against UV 

radiation has not been studied to date. 
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species living in stagnant versus flowing water may differ in shape (Van Dijk, 1966). This variation within 

the same species creates problems in the identification of tadpoles occurring in variable environmental 

conditions. Montane habitats are exposed to a wide range of environmental extremes and consequently 

tadpoles living in these habitats have evolved behavioral and morphological adaptations that allow them to 

survive in a highly variable environment. 

1.5.   The mountain environment 

There is a great variation in the nature of mountain environments apart from the basic physical conditions of 

elevation and slope that they have in common. A great deal of this variation arises from differences in 

temperature and precipitation regimes associated with position on the Earth’s surface - whether at high or low 

latitudes, whether deep within a continental landmass or subject to oceanic influence along the margin of a 

landmass. Mountains guide approaching air masses upward, and as temperature falls, the air is able to hold 

less water vapour, leading to increased rainfall on the windward side and a reduction on the leeward side (the 

‘rain shadow’ effect). More locally, conditions vary greatly according to aspect of slope (eg. north- or south 

facing), soil and local topography. 

1.5.1. Temperature 

Air temperature commonly decreases by about 6.5 °C for every 1 000 m increases in altitude; in mid latitudes 

this is equivalent to moving polewards about 800 km (Thorsell & Harrison, 1992). The dry dust-free air at 

high altitude retains little heat energy, leading to noticeable extremes of temperature between day and night. 

In seasonal climates, daytime temperatures can rise quickly in sunlit mountain areas. In tropical climates, the 

sun is high overhead throughout the season, so that tropical mountains are likely to have high temperatures 

and high rainfall throughout the year. 

1.5.2. Vegetation 

Temperature is a factor that determines the natural upper limit of tree growth (the ‘treeline’), which varies 

locally and with latitude, from around 5 000 m in parts of the tropics to near sea level at high latitudes 

(Thorsell & Harrison, 1992). Alpine and sub-alpine vegetation generally lacks trees and is dominated by 

grasses and sedges (Musina & Rutherford, 2006). Bogs, fens, marshes and slow flowing mountain streams 

dominate the area. This results in a shortage in shade for animals to take cover in, and increases exposure to 

direct sunlight for most of the day. 
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1.5.3. UVB Radiation 

To understand the possible adaptations that may have arisen in tadpoles and frogs made in response to higher 

UVB intensities, the characteristics of UVB radiation must first be discussed. UVB radiation is that portion of 

the electromagnetic spectrum that ranges from 290–320 nanometers (Bigelow et al., 1998).  

 

UVB radiation refers to a particular part of the sun’s energy reaching the earth’s surface (Figure 1.2). 

The energy of the sun reaching the earth is known as electromagnetic radiation. Electromagnetic radiation 

consists of the many forms of energy we recognize such as visible light, infrared, ultraviolet, and X-rays. 

These terms describe different portions of electromagnetic spectrum with which we associate specific 

phenomena such as sight (light), heat (infra-red) and medical examinations (X-rays). The shorter the 

wavelength the higher the energy the radiation contains. These high energetic photons have the potential to 

split molecules and damage tissue, therefore the larger the number of photons or the higher the irradiance the 

greater the damage to organisms (Bigelow et al., 1998). 

Figure 1.2 Diagram showing the ultraviolet, visible and infrared portion of solar spectrum (Bigelow 
et al., 1998). 
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1.6.  Variation in montane tadpole morphology 

The typical high altitude montane environment mainly exposes tadpoles to temperature extremes, risk of 

desiccation, and elevated UVB radiation. Published research suggests that amphibian populations at higher 

altitudes and latitudes tend to: (a) have shorter activity periods, and consequently shorter breeding seasons; 

(b) have longer larval periods; (c) are larger at all larval stages including metamorphosis; (d) are larger as 

adults; (e) reach reproductive maturity later; (f) produce fewer clutches per year; (g) produce larger clutches 

absolutely and smaller clutches relative to body size; and (h) produce larger eggs (Morrison & Hero, 2003a; 

2003b). Tadpoles inherently have a high phenotypic plasticity in constantly varying environmental conditions 

which is reflected in the variation that occurs within species of montane tadpoles. 

Although large variation between species of Amietia from the Drakensberg Mountains is evident in adult 

frogs, their tadpoles exhibit little interspecific variation. One unique adaptation, the elygium is present in 

some tadpoles from the Drakensberg Mountains, which functions to protect the retina from harmful UV 

radiation (Van Dijk, 1966). 

1.7.  The high altitude Drakensberg and its tadpoles 

The Drakensberg mountain range extends into eastern Lesotho and runs along the KwaZulu-Natal-Lesotho 

border and is the highest landscape zone in southern Africa with several peaks well over 3000 m a.s.l. It 

stretches approximately 200 km between Sentinel Peak in the North and Bushman’s Nek Pass in the South. 

This area covers 11900 km2 and is the source of both the Tugela and the Orange Rivers (see Irwin et al., 

1980). 

Twenty five frog species are associated with the Natal Drakensberg Mountain Range (Lambiris, 1988). 

Species known to occur at high altitude in the mountain include Amietia dracomontana, Amietia 

umbraculata, Amietia vertebralis, Strongylopus grayii, Strongylopus wageri, Vandijkophrynus gariepensis 

nubicola and Xenopus laevis. The known descriptions of these seven species are summarised in Appendix A. 

Descriptive studies of the Drakensberg tadpoles have been conducted by authors such as Wager (1965), 

Van Dijk (1966), Lambiris (1987, 1988, 1989) and Channing (2001). However, a significant amount of 

confusion persists and identification of the tadpoles in the Drakensberg and Lesotho highlands remains 

problematic. This is mainly due to what we believe to be misidentified tadpoles, the lack of verification of 

tadpole identity in tadpole descriptions, limited interspecies variation and considerable intraspecies 

variation. 
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Gaps in the literature exist with regard to descriptions of the Drakensberg tadpoles. The Amietia 

dracomontana tadpole is inadequately described, the taxonomy of Vandijkophrynus gariepensis is still under 

review with little data on the tadpole of this species which contains two subspecies, and there is controversy 

regarding the identification of Amietia umbraculata and Amietia vertebralis tadpoles. 

The taxonomic status of Amietia umbraculata and Amietia vertebralis has been controversial for many 

decades but recently changed drastically. Amietia umbraculata was formerly known as A. vertebralis and the 

current A. vertebralis was known as Strongylopus hymenopus (see Tarrant et al., 2008). Amietia umbraculata 

occurs in cold mountain streams and rivers at altitudes of 1750 m and higher in Afromontane grassland in the 

Drakensberg. They are predominantly aquatic and can survive under ice when rivers are frozen over in winter 

(Rose, 1950; also see Appendix A). Amietia vertebralis is found in seepage areas along rocky banks of gently 

flowing streams. Amietia umbraculata has a wider distribution than A. vertebralis and their distributions 

overlap at north-eastern Lesotho. 

Wager (1965) briefly described tadpoles that he referred to Rana vertebralis (Hewitt, 1927) and Rana 

hymenopus (Boulenger, 1920), reasoning that the tadpoles had been found in close proximity to the adults of 

that form, but he did not succeed in raising any tadpoles through metamorphosis. Wager could not confirm 

these tadpole identifications, but assigned different labial tooth row formulae to each of the two species, with 

Rana hymenopus having fewer anterior tooth rows (only three) and one continuous anterior row where as 

Rana vertebralis had more anterior tooth rows (up to five) with two continuous anterior tooth rows. Hewitt 

(1927) stated that there were one continuous and as many as seven divided tooth rows above and four below. 

In his key to tadpoles of described Southern African tadpoles, Van Dijk (1966) distinguished between 

A. umbraculata and A. vertebralis on the basis of differences in tooth row formulae, spiracular characters and 

neuromast organs. Van Dijk noted that the tadpoles of Rana vertebralis (Hewitt, 1927) (now A. umbraculata) 

referred to by Hewitt (1927) and Fitzsimons (1948) in fact belonged to A. umbraculata. These tadpoles only 

had five anterior tooth rows, not eight as Hewitt (1927) had stated in his description. Lambiris (1989) 

remarked that the variation in labial tooth rows noted by Van Dijk might either be interspecific or 

intraspecific. Van Dijk included Strongylopus hymenopus (now Amietia vertebralis) in his keys but did not 

give a description of the tadpole. 

Lambiris (1987) described the Strongylopus hymenopus (currently A. vertebralis) tadpole. The tadpoles 

he described came from Crow’s Nest Peak situated at 2960 m a.s.l., and were found under the ice in 

sand/pebble substrate. Lambiris identified several of these tadpoles as R. vertebralis, but he was unable to 

identify the remainder because of inconsistencies between Wager’s description and illustrations and Van 

Dijk’s key. Lambiris preserved some of the tadpoles and kept the rest alive for rearing through to 



11 

 

metamorphosis. He successfully raised the tadpoles to froglets and preserved some tadpoles in different 

developmental stages. He found that the froglets from the unidentified tadpoles couldn’t be distinguished 

from S. hymenopus as were then recognised by Poynton (1964). Lambiris also re-examined the tadpoles in 

the Natal Museum that were labeled as R. hymenopus, and included Wager’s specimens. These tadpoles fell 

into one of two groups: (1) tadpoles that were identical to those described by Wager; and (2) the tadpoles that 

Lambiris raised himself and referred to S. hymenopus on the basis of post-metamorphic froglets. He also 

noted the large variation in the tooth row formulae. 

Channing (2001) also briefly described A. vertebralis and S. hymenopus tadpoles. He distinguished the 

two species mainly by their labial tooth row formulae, A. vertebralis having a formula of 7(3-7)/4 and S. 

hymenopus having a varying formula of 3(2-3)/3 or 3(2-3)/3(1-2). Tooth row formulae given by different 

authors to date overlap considerably between species with no unambiguous distinguishing formula. 

Another example of the taxonomic difficulties experienced in the identification of tadpoles from the high 

Drakensberg is the species Vandijkophrynus gariepensis for which two subspecies V. g. gariepensis and V. g. 

nubicola are recognized. It has been suggested (Michael Cunningham, pers. comm.) that V. g . nubicola is a 

dwarf morphotype of V. g. gariepensis while both subspecies occur at high altitude in the Drakensberg. 

Insufficient distribution data exists. 

1.8.  Ocular adaptation of Drakensberg tadpoles 

Eyes 

The visual system of anurans is well-known (Fite, 1976; Williams & Whitaker, 1994; Tsonis, 2008). 

Amniotes focus by changing the shape of the lens, whereas amphibians and fishes achieve focus by changing 

the distance between the lens and the retina. Tadpoles have less need to accommodate because the refractive 

index of water and the vitreous humor are alike (Williams & Whitaker, 1994). The eyeball of tadpoles is 

covered by a two-layered cornea that is continuous with the body epidermis of the tadpole (McDiarmid & 

Altig, 1999). In early embryological development the epidermis covering the eye is pigmented cells 

containing pigment granules derived from the egg (Balinsky, 1981). These pigment granules dissolves at the 

Clearly a lot of confusion exists concerning the identification of these tadpoles. The aim of this study is to 

describe the tadpoles of these species as well as the variations that occur within and between species. In 

addition to a complete and comparable set of descriptions, a reliable key will be constructed to assign 

tadpoles to the correct species. 
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presumptive cornea area and the cornea remains free of them when melanophores develop in the connective 

tissue of the skin. The cornea epithelium displays a high degree of transparency without any specialized 

secretory cells or pigmented melanophores, which are found in neighboring head epidermis. The underlying 

cornea endothelium is derived from migrating neural crest cells which fill the area between the lens and the 

overlying ectoderm (Tsonis, 2008). The cornea stroma lies between the cornea epithelium and cornea 

endothelium. The extra-ocular muscles in tadpoles are similar to the adult frog’s but are less developed 

(Nowogrodzka-Zagórska, 1974; Williams & Whitaker, 1994). Retinal cell numbers increase with tadpole 

growth (McDiarmid & Altig, 1999). The tadpole iris generally has bright, metallic pigments organized in 

complex patterns, which appear to be affected by the topography of underlying blood vessels (Williams & 

Whitaker, 1994), surrounded by black pigmentation. Pigment types include melanophores, which contain 

black or brown melanin derived from tyrosine, and iridophores containing reflective purine platelets. These 

pigments can be distinguished by TEM sections (Frost & Robinson, 1984). 

Eye position and eye orientation vary between tadpole species and constitute two different concepts. 

Position indicates where the structures are situated on the head and orientation describes their manner of 

placement or alignment (for example the facing direction). Dorsal eyes may face dorsally (upward), 

dorsolaterally, or laterally, while lateral eyes always face laterally (McDiarmid & Altig, 1999). No part of the 

cornea of the eye is in the dorsal silhouette when the eyes are dorsally situated. Dorsal eyes occur in benthic 

tadpoles in both lentic and lotic systems, while lateral eyes are most common in lentic tadpoles that spend 

considerable time in the water column. Eye size ranges from minute to quite large. The extent that the eye 

protrudes from the surface of the head, 

the curvature of the cornea also varies. 

Some correlations between eye 

characters and habitat were detected in 

ecology (McDiarmid & Altig, 1999), 

but data to support these observations 

are deficient. 

Nasolacrimal duct 

During mid- to late metamorphosis, a 

thin groove appears that expands in an 

arc commencing from the anterior 

corner of the eye towards the naris. 

This develops into a nasolacrimal duct 

develops in association with the 

Figure 1.3 Diagrammatic illustrations showing the (a) 
umbraculum position in the adult frog and (b) the elygium 
position in the eye of a tadpole. Arrows indicate their position. 

a b 
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Harderian gland (Schmalhausen, 1968; Baccari et al., 1990) that lubricates the eye. 

Pupillary nodule 

In the mid-ventral area of the pupil of the adult frog, there is a notch or irregularity externally formed by the 

edge of the iris which is dilated to form a roughly hemispherical nodule projecting inwards towards the lens 

(Ewer, 1952). She concluded that the umbraculum “represents a specialization of the dorsal pupillary 

nodule”. According to Walls (1942) the pupillary nodule serves to keep the iris lifted slightly away from the 

lens. 

Elygium and umbraculum 

Van Dijk (1966) discussed the umbraculum and two types of elygia, and suggested that these function to 

shade the eye from harmful ultraviolet rays. Ewer (1952) stated that frogs and tadpoles from high altitude 

montane habitats possess a structure above the pupil that shades the eye from excessive light. An 

umbraculum is a fleshy projection of the iris into or over the pupil in the adult frog (Figure 1.3a). A similar 

structure in tadpoles, the elygium, is a pigmented zone arising from the margin of the iris distal to the pupil 

(Figure 1.3b), also known as the ocular elygium, or a pigmented layer in the skin above the eye arising from 

the skin-cornea margin, also known as the epidermal elygium (Van Dijk, 1966). The most well-known frog in 

southern Africa to have this structure is the Maluti river frog, Amietia umbraculata, which got its name from 

the large umbraculum extending over the pupil of the adult frog (Figure 4.1a). The tadpole of A. umbraculata 

has an elygium (Figure 4.1b) with the umbraculum developing underneath the elygium (Figure 1.4c). 

Tadpoles of frogs such as Wager’s stream frog, Strongylopus wageri, and the Drakensberg river frog, Amietia 

dracomontana, have an epidermal elygium. Dzinminski & Anstis (2004) documented the occurrence of a 

dorsal as well as ventral umbraculum in the Sunset Frog, Spicospina flammocaerulea. 

Figure 1.4 Photos showing the (a) umbraculum, (b) elygium, and (c) developing umbraculum (white arrow) 
underneath the elygium (black arrow) in Amietia umbraculata. 

a b c 
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McDiarmid & Altig (1999) observed pigmented corneas of some unidentified hylid tadpoles, which 

they recognised as some form of epidermal elygium. Wassersug et al. (1981) distinguished comparable 

pigmented corneas in Philautus carinensis. McDiarmid & Altig (1999) have made similar observations on a 

number of other taxa including Bufo, Hyla, Mantidactylus, Pseudacris and Rana. They also note that this 

pigmented zone is only visible in live specimens under high illumination and magnification. 

Ewer (1952) conducted some empirical studies and histology on the eyes of A. umbraculata, where she 

correlated the pupillary index in light and darkness adaptation and described the cellular structure of the 

umbraculum. Further literature on the morphology, selective value or physiology of these structures is 

lacking. The adaptive significance is no more than a tentative suggestion according to Ewer (1952), and 

further data on the occurrence of umbraculae and the habits of the species possessing them is required. 

These structures are not only restricted to high altitude species. Tadpoles of the Arum Lily reed frog, 

Hyperolius horstockii, and the Cape Sand Toad, Vandijkophrynus angusticeps, have an elygium as well. The 

unexpected occurrence of these structures in species that live close to sea level will also be investigated and 

an explanation sought. 

1.9. Dissertation structure 

This dissertation consists of seven chapters (Figure 1.5) with appendices. A separate chapter was assigned to 

study area (Chapter 2) because of the importance of the environment in the context of the study. The material 

and methods chapter (Chapter 3) discusses the methodical aspects of all components of the study. The results 

were split up into three separate chapters (Chapters 4–6): Chapter 4 deals with the morphological descriptions 

of the Drakensberg tadpoles; Chapter 5 looks at the morphology of the elygium and developing umbraculum, 

and Chapter 6 deals with an experimental study conducted to study the relationship between UV exposure 

and elygium size. The last chapter (Chapter 7) consists of a combined discussion and conclusion regarding 

the morphology and adaptations of tadpoles living in montane conditions, histology of the elygium and 

developing umbraculum in Amietia vertebralis, and the functional significance of the elygium. The two 

appendices comprise the review of existing descriptions of the morphology of high altitude Drakensberg 

tadpoles (Appendix A), and an article on the morphological descriptions of A. umbraculata and A. vertebralis 

(Appendix B), currently submitted to African Zoology for publication. 

Elevated ultraviolet radiation at high altitudes is hypothesised to be the reason for the occurrence of elygia 

in selected species and, if this is true, it is possible that changing ultraviolet radiation intensities would 

cause a change in the elygium phenotype. 
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1.10. Aims and hypotheses 

This study had three main aims: 

 To describe, in detail, the morphology of the tadpoles of the seven frog species occurring in the high 

altitude region of the Drakensberg Mountains. 

 To describe the variation in morphology that exists among these Drakensberg Mountain tadpoles. 

 To describe the histology of the elygium and developing umbraculum. 

 To elucidate the function of the elygium by means of an in situ experiment. 

The hypotheses are: 

 Tadpoles of the Drakensberg and Lesotho highlands have morphological adaptations to survive at 

high altitude in their montane habitats. 

 The umbraculum and elygium protect the eyes of frogs and tadpoles against harmful ultraviolet light. 
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Figure 1.5 The organising framework for this dissertation. Note that the results are split into three separate chapters. 

Chapter 1 

Introduction and literature 
review 

Chapter 2 

Study area 

Chapter 3 

Material and methods 

 

Results 

Chapter 4 
 
 

Results: Morphological 
analysis 

 

Chapter 5 
 
 

Results: Elygium histology 
 

Chapter 6 
 
 

Results: Empirical study on 
the elygium 

 

Chapter 7 

Combined discussion and conclusion 

A combined discussion and conclusion on the morphological adaptations of tadpoles living at high altitudes in the 
Drakensberg Mountains with the emphasis on the elygium. 
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2Study area 

2.1.  Geography 

In the western part of the KwaZulu-Natal province lies the Drakensberg mountain range with several peaks 

well over 3000 m a.s.l. (Irwin et al., 1980). This mountain range extends into eastern Lesotho and runs along 

the KwaZulu-Natal-Lesotho border. It is the highest landscape zone in southern Africa and a World Heritage 

site because of its natural and cultural diversity and beauty. It stretches approximately 200 km between 

Sentinel Peak in the North and Bushman’s Nek Pass in the South. This area covers 11900 km2 and is the 

source of both the Tugela and the Orange Rivers. The eastern boundary of the Drakensberg Mountains in 

KwaZulu-Natal is not clearly defined but is commonly taken alongside the slopes of the Little berg at about 

1500 m a.s.l. 

Irwin et al. (1980) divided the Drakensberg into two major regions based on altitude. The region that lies 

from 2000 m the summit is called the High berg (montane region), while the region lying below this altitude 

Figure 2.1. General topography of the main natural features of the Drakensberg (adapted from Irwin et al., 1980). 
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is called the Little berg (highland to sub-montane region), see figure 2.1. 

When on the summit, the topography seems relatively flat, except for the buttresses and hills rising above it. 

Mont-aux-Sources rises 250 m above its surroundings and is the source of five rivers namely Eastern and 

Western Khubedu, both branches of the Orange, the Elands flowing into the Free State and Tugela flowing 

over the edge of the Amphitheatre into KwaZulu-Natal.  

The average altitude is about 2900 m while the highest point is almost 3500 m a.s.l. This zone reaches its 

highest point in the summit highland of Lesotho and the free-standing peaks in KwaZulu-Natal. From an 

aerial view the slopes of the High berg resembles finger-like ridges that project into KwaZulu-Natal. These 

ridges merge with a line of prominent sandstone cliffs that run the full length of the Drakensberg. The top of 

the sandstone cliffs average about 1900 m a.s.l., rising to over 2200 m in the South. 

In this study the division of the Drakensberg into two zones defined by Irwin et al. (1980) is followed. In 

Figure 2.3 the High berg (or montane habitat) is situated above 1750 m a.s.l. while everything below this is 

called the Little berg. The seven species of tadpoles investigated in this study are mostly restricted to the 

elevated altitude of the High berg, except for the Common Platanna (Xenopus laevis) and the Clicking Stream 

Frog (Strongylopus grayii), whose distributions extend to sea level. 

2.2. Geology 

The Drakensberg is part of the Karoo Supergroup and formed some 180 million years ago at the end of the 

Triassic when the earth’s crust ruptured and huge volumes of basaltic lava flowed out over the Clarens desert 

(McCarthy and Rubidge, 2005). The Karoo Supergroup is more than 600 000 km2 in area and reaches a total 

thickness of 9 km. The Drakensberg Group (see Figure 2.2) which consists of basalt with dolerite dykes also 

has alternating sandstone and shale layers (Eriksson, 2000). The Drakensberg basalts produce shallow acidic 

lithosols and dominate the region’s geology (Mills, 2006). 

The break-up of Gondwana into the continents as we know them today, resulted in volcanic eruptions that 

mainly occurred through long, crack-like fractures in the earth’s crust. The lava flows were tens of kilometres 

in length and were typically between 10 and 20 metres thick. The succession of flows resulted in an 

accumulation of molten rock over 1600 metres reaching its maximum thickness in what is today known as 

Lesotho. As the molten rock cooled and crystallized between the fractures, it formed dolerite sills (horizontal 

intrusions in the igneous rock) and dykes (vertical intrusions).  
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2.3. Climate and weather 

In order to determine the adaptive significance of tadpole morphology, it is necessary to understand the 

climate and the weather conditions of the Drakensberg at high altitudes. According to Irwin et al. (1980), 

climate is one of the major factors that determine the environment. Climate can be defined as the general 

daily weather conditions that are recorded over at least a 30 year period and which may change over time. 

Weather on the other hand, is the day to day state of the atmosphere. People visiting the Drakensberg are 

usually concerned with the weather because of its unpredictability. Several factors play a role in determining 

weather and climate. Altitude is the main determinant because temperature, humidity and air density all 

decrease with increasing altitude. 

Some temperature inversions are exceptions to this rule. The first one is the pattern of high and low pressure 

systems over and adjacent to the subcontinent. These govern the wind direction and thus the movement of 

warm, cold, moist or dry air masses. Low pressure systems are generally formed by air becoming less dense 

as a result of heating. This is generally the cause of storms and cyclones. In the northern hemisphere the 

winds around the system move counter clockwise and in the southern hemisphere they move clockwise. A 

high-pressure system is created when there is uneven heating of the ground and the heated air rises and 

creates a low-pressure system in the area above the ground. When this air cools down and sinks back to the 

ground, a high-pressure system is created. High-pressure systems are usually associated with clear, cool 

weather. Around these systems winds flow clockwise in the northern hemisphere and counter clockwise in 

the southern hemisphere (Irwin et al., 1980). 

The second exception is the warm Agulhas Current flowing along the east coast. During summer, warm, 

moist air moves westwards, bringing orographic (relief) rain to the Great Escarpment. The last exception is 

topography, which influences the heating of the land surface and therefore governs the movement of both 

warm and cool air. 

When one accepts that the term climate is used to describe average conditions, it is possible to generalise 

about the weather and its causes. Irwin et al. (1980) made generalisations pertaining to both winter and 

summer in the Drakensberg, but it must be stressed that climate is subject to change. In winter the 

Drakensberg has warm to cool days and very cold nights, frequently below freezing point. In the winter 

months one has clear weather with good visibility, except for the haze caused by smoke and fire. Dry 

westerly winds may reach speeds of 60 km/hour, which also increases the potential fire hazard. Wet weather 

is caused by the cold air from the South Polar region moving eastwards over southern Africa in a line called a 

cold front. This occurs at irregular intervals during winter. The first signs of bad weather are the high cirrus 
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clouds and a build-up of thick cumulo-nimbus clouds is a sign of a forthcoming storm with rain, high winds 

and a strong likelihood of snow at high altitudes. A rise in temperature of a number of degrees during cold, 

rainy weather is a reliable predictor of snow. This weather usually lasts 2-6 days and is followed by cool, 

clear days. Annual periods of snow falls vary between 6-12 in number, depending on the altitude, but may 

occur in any month of the year, with the heaviest falls in winter. Snow falls rarely exceed a meter or two and 

decrease strongly with decreasing altitude. Snow may remain on the ground for more than a week at higher 

altitudes on south-facing slopes and gullies, but usually melts within a day or two at lower altitudes. This 

melting snow is an important source of water for amphibians on the mountain range. 

A typical summers day may be warm to hot with warm to cool nights. Rain falls frequently, both in the form 

of violent storms and as a soft, drizzle that may continue for days on end. Mist and clouds often reduce 

visibility, although daylight hours are long. Clear weather and good visibility are more often experienced 

early in the morning. Rainy or dry weather is dependent upon the movement of warm moist air from the 

south, south-east or east towards the Drakensberg. This is in turn controlled by the position of the high 

pressure systems in the South Atlantic and Indian Oceans. Summer weather tends to be unpredictable. 

Seemingly ideal conditions may deteriorate very rapidly, temperature may drop below freezing and snowfalls 

occasionally occur on the High berg, even during December and January. Mist is a constant hazard and may 

develop without warning. 

Temperature and air density are important considerations that affect weather at high altitudes. Density 

increases with decreasing altitude because gravitational attraction concentrates the atmosphere near sea level. 

Lower air density not only reduces oxygen availability, but there is also less protection against the potentially 

harmful ultra-violet (UV) rays or shortwave rays because of the thinner layer atmosphere at high altitude. At 

high altitudes the humidity drops significantly and results in dry air. The reason for the drop in temperature at 

high altitudes is simply that there is less air to absorb and retain the heat. It is also because the atmosphere is 

heated mainly from below rather than above (Irwin et al., 1980). 

Only a small proportion of the short-wave radiation from the sun (insolation - an acronym of incoming solar 

radiation) is absorbed by the atmosphere. Air is heated mainly by long-wave re-radiation from the earth’s 

surface. 

The mean annual temperature of the region is about 16°C but variations are considerable both seasonally and 

between day and night. Temperature may rise as high as 35°C on a summer’s day and drop to -15°C during 

winter. The highest temperatures normally occur on the north-facing slopes or in the valleys of the Little 

berg, while lower temperatures are experienced on the summit or on valley floors, both on the High and Little 

berg. Although frost usually occurs between mid-April to the end of September, it may occur at any time of 

the year. 
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2.3.1. Rainfall and thunderstorms 

Mucina and Rutherford (2006) state that the rainfall in the Grassland Biome may vary spatially from 400–

2500 mm per year. According to Irwin et al. (1980) the eastern escarpment is one of the highest rainfall areas 

in South Africa, some parts receiving more than 1 500 mm per annum. Killick (1994) has shown that there is 

a sharp increase in rainfall with altitude. The top of the escarpment may receive about 95 rain days per annum 

while the area below receives significantly more, but this may be because of the cold air currents are below 

the summit. As stated by Tyson et al. (1976), the Drakensberg receives 70–80% of possible sunshine hours 

per day in the winter and 50–60% during summer. Sani Pass on average receives about 969 mm of rain per 

year, with most rainfall occurring mainly during mid summer. It receives the lowest rainfall (4 mm) in June 

and the highest (195 mm) in January. The monthly distribution of average daily maximum temperatures 

shows that the average midday temperatures for Sani Pass range from 13.8 °C in June to 22.1 °C in January. 

The region is the coldest during June when the mercury drops to 0.6 °C on average during the night (Anon, 

2008). Climate data is not available for Mont Aux Sources but is likely to approximate the climate data of the 

Drakensberg Afroalpine Heathland vegetation given below. 

Thunderstorms occur mainly in the middle to late afternoons during the summer months and may develop 

rapidly. According to Mucina and Rutherford (2006), lightning flashes occur at high densities, are an 

important cause of fires in the Drakensberg, and pose a danger to hikers. 

2.3.2. Climate for each vegetation type described by Mucina and Rutherford (2006) 

Rocky mountaintops and steep drops, with a few small plateaus, create a diversity of habitats with many 

different plant communities (Cowling et al., 1997). The parts of this ecoregion with the highest altitude have 

been associated with Alpine tundra vegetation by Killick (1994). Marake et al. (1998) categorised the climate 

of Lesotho as semi-arid to sub-tropical on the basis of its warm moist summers and cold dry winters. 

Mucina and Rutherford have described the climate of each vegetation type in every biome (see Table 2.1).  

 

Table 2.1. Drakensberg vegetation classified by Mucina and Rutherford (2006). 
Biome Bioregion Vegetation type 

(applicable to sampling sites) 
Grassland Biome Drakensberg Grassland Bioregion Lesotho Highland Basalt Grassland 
    Drakensberg Afroalpine Heathland 
    uKhahlamba Basalt Grassland 
Azonal Vegetation Freshwater Wetlands Drakensberg Wetlands 
    Lesotho Mires 
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Climate data were obtained from the South African Atlas of Agro-hydrology and Climatology. Temperature 

data were extracted from the South African Weather Service (SA Weather). 

uKhahlamba Basalt Grassland 

This area receives summer rainfall with a mean annual precipitation of 830-1820 mm. There are great 

temperature differences between summer (with 30°C maximum) and winter, with a mean annual temperature 

of 11.6°C. Frost occurs frequently with a mean of 55 days per year. Morning summer mists are also frequent 

as well as hot, dry winds from July to October. Climate varies considerably, depending on altitude. 

Lesotho Highland Basalt Grassland 

Rainfall mainly in summer with little rain in winter, especially away from the Northern Escarpment. The 

mean annual precipitation reaches only 707 mm (Tyson et al., 1976; Killick, 1978), but is higher towards the 

eastern edge. The mean monthly temperature reaches a maximum of 31.4°C for December and a minimum of 

-10.5°C for July. Frost occurs occasionally with a mean of 96 days of annual frost. Snow occurs in winter and 

some light snow may occur in summer. There is a high incidence of lightning in summer and hail is common. 

Drakensberg Afroalpine Heathland 

This area experiences summer rainfall, subject to some precipitation from cold fronts in winter. There is a 

major decline in mean annual precipitation away from the Escarpment edge to the interior, with 737 mm 

rainfall per annum. The Drakensberg Afroalpine Heathland mean annual temperature is lower than any other 

vegetation type, reaching only 4°C. Frost occurs for almost half a year with 158 mean annual frost days. The 

lowest temperature recorded in Lesotho was made in June 1967, when the temperature dropped to -20.4°C. 

Drakensberg Wetlands 

The Drakensberg Wetlands has a seasonal, summer rainfall with maximum precipitation occurring between 

December and February. Mean annual precipitation ranges from 543 mm to 1247 mm, especially on the 

Southern Berg, partly in the form of snow. It is a cold-temperate region with mean temperatures ranging from 

9.6–13.1°C, and 103 mean annual frost days. 

Lesotho Mires 

As in the Drakensberg Wetlands, this vegetation type also experiences seasonal, summer-rainfall and much of 

it is in the form of snow (mean annual precipitation 769 mm). This region also has a very cold-temperate, 

high altitude climate, with mean annual temperatures of 4.0–9.6°C. The maximum temperatures in summer 

do not exceed 16°C (Van Zinderen Bakker & Werger, 1974), while temperatures at night drop below freezing 

point throughout the year, with 183 mean annual frost days. 
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2.4. Sampling areas 

The sampling areas were chosen according to the distribution of the high altitude species. The four sampling 

sites were Nampolice Marsh (28.751889S, 28.870511E), Bilanjil River tributary (28.760611S, 28.899417E), 

Upper Sani at one of the Dinakeng River tributaries (29.581389S, 29.288806E) and Sani Pass at about 1 850 

m a.s.l. (29.613522S, 29.368825E), see Figure 2.3. Additional specimens were obtained from museums (see 

Materials and Methods for details). All the sites where specimens were collected fall under the Drakensberg 

Afroalpine Heathland according to Mucina and Rutherford (2006). 
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Figure 2.3  Geographic map of the Drakensberg divided into four altitude groups, also showing 
the rivers. Map compiled from GIS information. 
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3 Materials and Methods 

3.1. Collecting specimens 

Sampling sites 

Tadpoles of the various species were collected within four sampling areas. Two sampling sites are located at 

Mont Aux Sources near the northern border of Lesotho: Nampolice Marsh (28.751889S, 28.870511E), the 

marsh area near the ruins of the Namahadi police station; Bilanjil River tributary (28.760611S, 28.899417E). 

The remaining two sites were: Upper Sani at one of the Dinakeng River tributaries (29.581389S, 

29.288806E) and on the Sani Pass at about 1 850 m above sea level (29.613522S, 29.368825E). The sites 

were suitable for the collection of all but one species, Vandijkophrynus gariepensis nubicolus, which is a very 

rare species. In order to sample a range of tadpoles with developmental variation, each site was visited five 

times.  

Sampling methods 

 Morphological and molecular studies 

Tadpoles were euthanased in the field in dissolved MS222 (tricaine methane sulphonate), fixed and 

preserved in 5% Neutral Buffered Formalin (NBF), AACRG accession numbers (per batch) 1162–

1165 and 1167–1181, or 70% ethanol in the case of specimens with accession number AACRG 1166. 

Ten of the tadpoles of A. vertebralis (AACRG 1174) and four tadpoles of A. umbraculata (AACRG 

1171) were brought back alive to the laboratory where tadpoles were anaesthetised and a portion of 

the tail musculature was cut out for DNA sequencing. These tissue samples were taken for 

genotyping, but did not jeopardise any measurements taken. After tissue collection these tadpoles 

were fixed in 5% NBF. Tissue was preserved in 96% ethanol. 

 Experimental studies 

One hundred A. vertebralis tadpoles were collected along the banks of the Tugela. Only tadpoles in 

the earliest developmental stages were taken. Tadpoles were placed in 500 ml Ziploc bags half-filled 

with river water. After descending from the mountain and arriving at the vehicle, we placed the 

tadpoles in a Coleman cooler box to avoid heat stress. Tadpoles were transferred to glass aquaria at 

the laboratory. 
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 Museum specimens 

No V. gariepensis tadpoles were collected during this study, archived specimens were obtained from 

museum collections. These included the South African Institute for Aquatic Biodiversity (SAIAB) as 

well as the Port Elizabeth Museum (PEM). In the case of A. vertebralis and A. umbraculata 

specimens were obtained from these museums in order to include specimens previously described by 

Hewitt (1927). 

Specimens collected 

Amietia dracomontana. Fifteen tadpoles were collected for morphometric analysis (AACRG accession 

numbers 1162–1164) in a clear, slow flowing stream at Sani Top, eastern Lesotho (29.581389S; 29.288806E 

at an elevation of 2780 m a.s.l.).  

Amietia umbraculata. A total of 30 tadpoles were used for morphometric analysis. Thirteen tadpoles 

(AACRG accession numbers 1166–1170) were collected in a clear, slow-flowing stream at Sani Top, eastern 

Lesotho (29.581389S; 29.288806E at 2780 m a.s.l.). Four tadpoles (AACRG1171) were collected in a clear, 

slow-flowing stream from one of the Bilanjil tributaries at Mont-Aux Sources (28.760633S; 28.899422E). 

Seven tadpoles were obtained from the South African Institute of Aquatic Biodiversity (accession numbers 

87886; 87824; 87826; 87867; 87828) and six from the Port Elizabeth Museum (accession numbers T076; 

T070). 

Amietia vertebralis. A total of thirty three tadpoles were used for morphometric analysis. Twenty tadpoles 

(AACRG accession number 1173) were collected in a marsh, one km South-West of the chain ladder at 

Mont-Aux Sources (28.751889S; 28.870511E, 3033 m a.s.l.). The water was clear and stagnant. Ten tadpoles 

(AACRG1170, 1172, 1174) were collected in a clear, slow flowing Bilanjil tributary at Mont-Aux Sources 

(28.760633S; 28.899422E, 2966 m a.s.l.). Three tadpoles were also obtained from the Port Elizabeth Museum 

(accession number T294). These included the specimens described by Hewitt (1927). 

Strongylopus grayii. Fifteen tadpoles were collected for morphometric analysis (AACRG accession numbers 

1175–1178) in a clear, stagnant marsh area we referred to as Nampolice Marsh (28.751889S, 28.870511E). 

Strongylopus wageri. Fifteen tadpoles were sampled for morphometric analysis (AACRG accession numbers 

1179–1181) in a clear, slow flowing stream crossing Sani Pass, (29.613522S, 29.368825E at 1850 m a.s.l.).  

Vandijkophrynus gariepensis. Fifteen specimens were obtained from the Freestate Museum (accession 

number A6231). These specimens were sampled 2 km East of Auray R.C. Mission, Lesotho, on the 21st of 

December 1997. 
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3.2. Morphometrics 

Tadpole morphology 

Developmental stages were assigned using Gosner (1960). Morphological terminology and labial tooth row 

formulae (LTRF) followed McDiarmid and Altig (1999). A1-A7 refers to the anterior (upper) labial tooth 

rows, P1-P5 to the posterior (lower) rows. Oral apparatus position, jaw sheath pigmentation, eye position, 

nostril position, spiracle position and vent position terminology follows Anstis (2002), also see Figure 3.1. 

Measurements of the total length, body and tail were taken using a mechanical caliper (effective range: 0–150 

mm; precision: 0.1 mm). The 

remainder of the morphometric 

measurements were taken using a 

Nikon SMZ1500 stereo 

microscope fitted with a dedicated 

Nikon DXM1200 digital camera 

and connected to a computer with 

Nikon NIS Elements software. 

Abbreviations used in the 

descriptions are as follows: TL, 

total length (distance from the tip 

of the snout to the tip of the tail, 

which is the sum of the body 

length and tail length); BL, total 

body length (distance from the tip 

of the snout to the body-tail 

junction, taken from where the 

hind legs start to develop); BW, 

maximum body width (at the 

widest point); BD, maximum body 

depth; TAL, tail length; ATS, 

anterior tail shaft height; DTS, 

deepest tail shaft height (measured 

at the point at which the anterior fin is deepest); ADF, anterior dorsal fin height; DDF, deepest dorsal fin 

height; DVF, deepest ventral fin height; TDP, tail deepest portion (expressed as a percentage of the tail where 

 

 

 

Figure 3.1. Terminology used to 
describe some of the tadpoles 
characteristics indicated by 

illustrations (Anstis, 2002). 
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the dorsal fin is the highest); SA, spiracle angle; OD, ocular diameter; LD, lens diameter; IOD, inter-orbital 

distance; EL-ST, distance from eye-line to snout tip; E-ST, distance from the eye to the snout tip; E-N, 

distance from eye to nostril; ND, nostril diameter; IND, inter-narial distance; N-ST, distance from nostril to 

snout tip; ODW, oral disc width; LTRF, labial tooth row formula. Figure 3.2 illustrates where measurements 

were taken. 

Data analyses 

Significance of data was tested by the Tukey HSD using Statistica ver. 9 software. Significance of differences 

between Amietia umbraculata and A. vertebralis were tested with Tukey HSD unequal measurements test 

with 95% confidence. For Tail curve difference significance the Tukey HSD equal measurements test was 

used. For the significance in the elygium area difference over time we used the repeated measurements test. 

The Tukey HSD significance test was used because it has higher confidence accuracy when sample sizes are 

unequal. 

Comment on data analysis for Amietia umbraculata and A. vertebralis 

The data for these two species were analysed differently to the other species because of the difficulties 

involved in identifying them. Therefore, more specimens were collected in order to find differences between 

these species and define the variation more accurately. Molecular analysis was also carried out for these two 

species. Averages were taken for two groups of Gosner development stages in Amietia umbraculata and A. 

vertebralis. It was possible to divide these species into two groups because of the large sample sizes. The 

remaining species had a sample size of 15 tadpoles. The tadpoles were for this reason divided into two groups 

based on their development, Gosner 26-34 and Gosner 35-40, when averages were calculated. 
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Figure 3.2. Illustrations of the (a) dorsal body, (b) lateral body, and (c) lateral tail 
showing where the measurements were taken on tadpoles. This was done with a 
Nikon SMZ1500 stereo microscope with a mounted camera, using the Nikon NIS 
Elements software. 

a 

b 

c 
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3.3. Molecular analysis 

DNA sequencing was performed on ten tadpoles of A. vertebralis (by A. Channing at the University of the 

Western Cape) and four tadpoles of A. umbraculata at the North-West University. 

Tadpole tail tissue (preserved in 96% ethanol) was used for DNA isolation using the NucleoSpin Tissue Kit 

(Separations, US) following manufacturer instructions. DNA quality and quantity were determined using a 

1% (w/v) agarose gel and NanoDrop Spectrophotometer ND-1000 (NanoDrop Technologies, Inc. USA) 

v3.5.2. Mitochondrial 16S gene fragments for both A. vertebralis (ten samples) and A. umbraculata (five 

samples) were amplified using primer pair 16Sar (5’-CGCCTGTTTATCAAAAACAT-3’) and 16Sbr (5'-

CCGGTCTGAACTCAGA TCACGT-3') (Palumbi et al. 1991). PCR reaction mixtures contained  1 X PCR 

master mix (4U/µl Taq DNA Polymerase (recombinant) in reaction buffer, 2 mM MgCl2, 0.2 mM of each 

dNTP; Fermentas Life Sciences, US); 0.3 mM of each primer; 10-100 ng DNA and PCR-grade water in a 

final reaction volume of 25 µl. Cycling conditions were set at 95˚C for 90 seconds; 34 cycles of 45 seconds of 

melting at 95˚C; 45 seconds of annealing at 55˚C; 90 seconds of extension at 72˚C; followed by a 5 min final 

extension at 72˚C. PCR amplifications were confirmed on a 1.5% (w/v) agarose gel and subsequently purified 

using the NucleoSpin Extract II Kit (Separations, US) prior to sequencing. All sequencing reactions were 

performed with a Genetic Analyzer 3130 (Applied Biosystems, UK). Sequences were corrected using Mega 4 

software and compared with the sequences in Genbank. Sequences were submitted to GenBank. 

3.4. Histology and transmission electron microscopy (TEM) on the elygium and umbraculum 

Histology and TEM on the eye of a tadpole of A. vertebralis was carried out at the Department of Electron 

Microscopy at the North-West University, Potchefstroom campus. The preparation of the eyes for both the 

histology and the TEM is the same. 

Biological sample preparation for TEM and histology 

The procedure was carried out in a fume cabinet where samples were placed in a rotating wheel to ensure 

proper diffusion of chemicals into tissue. 

1. The eyes of the tadpoles were fixed in 5% neutral buffered formalin (NBF). 

2. The material was then washed three times for 15 minutes in 0.05 M Cacodilate buffer. 

3. Eyes were post fixed in 1% Osmium tetroxide (in distilled water) for one hour. 

4. They were then washed three times in distilled water for 15 minutes. 

5. The eyes were stained with 2% Uranyl acetate (made-up in distilled water) for one hour. 
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6. The eyes were washed again three times in distilled water for 15 minutes. 

7. The eyes were then dehydrated in an 

ethanol series (50%, 70%, 90%, 100% x2 

for 15 minutes each). During this process 

the samples were not exposed to air. 

8. The 100% ethanol was replaced with 100% 

L R White resin for 10 minutes. 

9. The eyes were placed in fresh L R White 

resin twice for one hour each, then left 

overnight in the resin. 

10. The eyes were then embedded into fresh 

resin in gelatine capsules which were 

previously marked with a permanent 

marker. The eyes were positioned in such a 

manner that sagittal sections through the 

umbraculum could be cut with the microtome (see Figure 3.3). 

11. The capsules were placed horizontally and cured in an oven at 65°C overnight. 

 

Preparing tadpole eyes for cross sections for histology 

1. The gelatine capsule was peeled off leaving only the clear resin mould containing the embedded eye. 

2. The one pole of the mould (where the eye was embedded) was ground so that the outer edges formed 

a square around the eye, about 3x3 mm in size. 

3. The mould was then positioned in an automatic microtome in such a way as to produce coronal 

sections through the eye. 

4. The outer sections were 20 µm thick but these were reduced to 10 µm and 1.6 µm at the centre of the 

eye. Progress was monitored after every 10th section by viewing a “monitor” section.  

5. Some sections were stained with Haematoxylin & Eosin and others with Toluidine blue. 

Figure 3.3 A diagrammatic representation of a 
tadpole eye with the green dotted line indicating 
the position of the coronal section. 

Dorsal 

Ventral 

Anterior Posterior 
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Preparing tadpole eyes for cross sections for TEM 

Steps 1–4 were the same as for the histological sections. 

5. When the monitor section indicated we were approaching the middle of the eye, the capsule was 

again taken out of the microtome and ground into a square around the elygium. This was carried out 

under a stereo microscope for better accuracy. 

6. A new microtome blade was then used to cut 0.4 µm sections were made with monitor sections 

between every ten sections to determine the elygium position. 

7. When the required segment was reached, three 0.4 µm sections, carefully placed on a clean 

microscope slide in a drop of dH2O. 

8. Xylene was used to extend the thin film sections on the water, by holding a wooden stick dipped in 

the xylene over the sections drifting on the drop of dH2O. 

9. A small copper grid (3.05 mm, 200 mesh) was used to pick up each section. 

10. One grid selected for transmission electron microscopy and cellular structure of the elygium and 

underlying umbraculum were photographed.  

3.5. Ocular development in simulated alpine 

conditions 

For this experiment it was necessary to simulate 

alpine conditions, the only variable being the ultra-

violet (UV) intensity. 

Tank construction 

Three glass tanks were built to represent sections 

of steam bed (see Figure 3.4 and 3.5). The surface 

of the glass was covered with silicone impregnated 

with coarse sand. The sides of the tanks were 

slanted at an angle of 60°. A semi-circle was cut 

into the glass pane at the end of the tank to permit 

water to flow out of the tank. This was closed with 

gauze mesh to prevent tadpoles from escaping 

from the tank. A half-section of PVC pipe was 

used as a run-off spout for each tank. 

Figure 3.4 The UV exposure experimental setup using a flow-
through system. 
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Figure 3.5 An illustration of the setup for the experiment on elygium size as a function of UV intensity, 
viewed from (a) the front and (b) the rear. 

a 

b 
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The setup 

The experiment was carried out outdoors on the roof, away from buildings and walls to insure 

maximum sunlight. The three tanks were placed next to each other on a table with their ends facing 

North and South in order to obtain maximum sunlight exposure with minimum shadows interfering 

with exposure from the sides. A sheet of polystyrene was placed under the tanks to prevent heat 

transfer from the table to the tanks. Beneath the table a pond pump provided constant water flow 

from a 200 litre storage tank. The water was recirculated and passed from the pump to a MGW Lauda 

water cooling system (controlled by a thermo regulator) which maintained the water at 16°C in the 

summer months (March to May), and 10°C in the winter months (June to August). From the cooling 

system the tubes were split to enter each of the three tanks. The first tank was covered with 6 mm 

clear glass to prevent any UVB from entering. A gap between the tanks and the glass provided 

airflow to avoid the greenhouse effect. The second tank served as the control and the third tank had 

an additional UVB source from a Reptapet Sun Plus 5.0 30W UV tube with a minimum life span of 

six months. The UV tube was connected with a timer to switch on at 07:00 in the morning and switch 

back off at 18:00 in the evening. 

Commencement of experiment 

On the 1st of March 2010 three tadpoles were introduced in each of the tanks and kept there for a 

week (see section on husbandry below). This was used as a pilot study to resolve the husbandry of 

the tadpoles, to prevent major die-offs. On the 7th of March 60 tadpoles of approximately the same 

size and Gosner stage (23.4 mm and 28 respectively) were randomly divided (one tadpole were 

placed in each tank until each tank had 20 tadpoles) equally into the three tanks labelled No UV 

(glass covered tank which filtered the UVB), Medium UV (for 

the control) and High UV (for the tank with an additional UV 

tube). The first measurements were taken by randomly selecting 

10 out of the 60 tadpoles (by stirring the water and scoop with an 

aquarium net) before they were divided among the three tanks. 

The Gosner stage and total length of each of these tadpoles was 

recorded. 

Measurements 

The following details/measurements were recorded (see Figure 3.6) for 

10 of the 20 tadpoles in each tank: total length (TL), measured from tip 

of tail to snout tip; Gosner developmental stage; elygium area (EA) in 

Figure 3.6 Micrograph of an 
elygium showing the 
measurement locations for 
elygium base length (EB) and 
elygium length (EL). 
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µm2; elygium length (EL) in µm; elygium base length (EBL) in µm; lens diameter (LD) in µm; lens area (LA) 

in µm2; and the ocular diameter (OD) in µm. The presence/absence of a developing umbraculum beneath the 

elygium was noted. 

The measurements were taken at two week intervals from commencement of the experiment on 7 March 

2010 until its termination on 26 August 2010. Before measurements were taken each tadpole was sedated in 

an effective concentration of 1:10 000 MS222 for 20 seconds. The tadpole was then measured using a Nikon 

SMZ1500 stereo microscope fitted with a dedicated Nikon DXM1200 digital camera and connected to a 

personal computer with Nikon NIS Elements software. Each tadpole’s measurements took five minutes and 

all tadpoles were returned to their respective tanks after four hours. 

Husbandry of tadpoles 

Sediment from the mountain streams was taken during the fieldwork in the mountains and 400 g was put into 

each tank every two months. Five alphalpha tablets per tank were given as additional food on a weekly basis. 

Water was kept between 10–16°C to simulate mountain stream temperatures. Bird netting was used to 

exclude predatory birds. A maintenance check was carried out each day and the pump was cleaned once a 

month. 
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4 Results: Tadpole morphology 

4.1. Tadpole morphological descriptions 

Species used for morphological description include Amietia dracomontana, A. umbraculata, A. vertebralis, 

Strongylopus grayii, S. wageri, and Vandijkophrynus gariepensis. Information on all specimens examined is 

presented in Table 4.1. 

Table 4.1. List of specimens used for morphological analysis and molecular confirmation. 

Species Accession No. Genbank  
Acc. No. Location Coordinates 

Amietia dracomontana AACRG1162 n/a Sani Top, Dinakeng River tributary, 
Lesotho 

29.581389S, 
29.288806E 

Amietia dracomontana AACRG1163 n/a Sani Top, Dinakeng River tributary, 
Lesotho 

29.581389S, 
29.288806E 

Amietia dracomontana AACRG1164 n/a Sani Top, Dinakeng River tributary, 
Lesotho 

29.581389S, 
29.288806E 

Amietia umbraculata 
(adult frog tissue) AACRG1005  HQ203038 Sani Top, Lesotho 29.581389S, 

29.288806E 

Amietia umbraculata AACRG1182  HQ203039 Mont-Aux Sources, South Africa 28.759781S, 
28.898839E 

Amietia umbraculata AACRG1165 n/a Sani Top, Dinakeng River tributary, 
Lesotho 

29.581389S, 
29.288806E  

Amietia umbraculata AACRG1166 n/a Sani Top, Dinakeng River tributary, 
Lesotho 

29.581389S, 
29.288806E 

Amietia umbraculata AACRG1167 n/a Sani Top, Dinakeng River tributary, 
Lesotho 

29.581389S, 
29.288806E 

Amietia umbraculata AACRG1168 n/a Sani Top, Dinakeng River tributary, 
Lesotho 

29.581389S, 
29.288806E 

Amietia umbraculata AACRG1169 n/a Sani Top, Dinakeng River tributary, 
Lesotho 

29.581389S, 
29.288806E 

Amietia umbraculata AACRG1170 n/a Sani Top, Dinakeng River tributary, 
Lesotho 

29.581389S, 
29.288806E 

Amietia umbraculata AACRG1171  HQ203040 Mont-Aux Sources, Bilanjil, South 
Africa 

28.759781S, 
28.898840E 

Amietia umbraculata AACRG1171  HQ203041 Mont-Aux Sources, Bilanjil, South 
Africa 

28.759781S, 
28.898840E 
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Amietia umbraculata AACRG1171  HQ203042 Mont-Aux Sources, Bilanjil, South 
Africa 

28.759781S, 
28.898840E 

Amietia umbraculata SAIAB 87886 n/a Lesotho, Matsoku River DT4 29.007919S, 
28.762803E 

Amietia umbraculata SAIAB 87824 n/a Lesotho, Redi river Headwater 
wetland 

29.44017S, 
29.38802E 

Amietia umbraculata SAIAB 87826 n/a Lesotho, Tributary of upper 
Mokhotlong River 

29.39234S, 
29.42906E 

Amietia umbraculata SAIAB 87867 n/a Lesotho, Small tributary of 
Sehonghong just above confluence 

29.49029S, 
29.24679E 

Amietia umbraculata SAIAB 87828 n/a 
Lesotho, Tributary of the upper 
Mohlesi River near Thabana 
Nhenyana 

29.47397S, 
29.30783E 

Amietia umbraculata PEM T076 n/a Sani River, Lesotho Unknown 

Amietia umbraculata PEM T070 n/a Sengubeta above Mokhothong, 
Lesotho Unknown 

Amietia vertebralis AACRG1182  HQ203043 Mont-Aux Sources, Bilanjil, South 
Africa 

28.759781S, 
28.898840E 

Amietia vertebralis AACRG1172 n/a Mont-Aux Sources, Bilanjil, South 
Africa 

28.759781S, 
28.898840E 

Amietia vertebralis AACRG1173 n/a Mont-Aux Sources, Nampolice 
Marsh, South Africa 

28.751889S, 
28.870511E 

Amietia vertebralis AACRG1174 n/a Mont-Aux Sources, Bilanjil, South 
Africa 

28.759781S, 
28.898840E 

Amietia vertebralis PEM T294 n/a Mont-Aux Sources, Source of 
Tugela, South Africa Unknown 

Strongylopus grayii AACRG1175 n/a Mont-Aux Sources, Nampolice 
Marsh, South Africa 

28.751889S, 
28.870511E 

Strongylopus grayii AACRG1176 n/a Mont-Aux Sources, Nampolice 
Marsh, South Africa 

28.751889S, 
28.870512E 

Strongylopus grayii AACRG1177 n/a Mont-Aux Sources, Nampolice 
Marsh, South Africa 

28.751889S, 
28.870513E 

Strongylopus grayii AACRG1178 n/a Mont-Aux Sources, Nampolice 
Marsh, South Africa 

28.751889S, 
28.870514E 

Strongylopus wageri AACRG1179 n/a Stream crossing Sani Pass at 1850 m 
above sea level, South Africa 

29.613522S, 
29.368825E 

Strongylopus wageri AACRG1180 n/a Stream crossing Sani Pass at 1850 m 
above sea level, South Africa 

29.613522S, 
29.368826E 

Strongylopus wageri AACRG1181 n/a Stream crossing Sani Pass at 1850 m 
above sea level, South Africa 

29.613522S, 
29.368827E 

Vandijkophrynus 
gariepensis A6231 n/a 2 km East of Auray R.C. Mission; 

Lesotho Unknown 
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4.1.1. Amietia dracomontana 

Description. Based on one tadpole (AACRG1162) in developmental stage 40. Specimen in an excellent state 

of preservation, fixed in 10% NBF. BL 22.9 mm, TL 81.3 mm, for further measurements see Table 4.2. In 

dorsal view the body shape is ovoid. In lateral view body appears elongated and dorsoventrally depressed, 

BW 125% of BH, flattening towards blunt snout. Colouration pale brown with extensive dark brown mottling 

on the tail musculature, not visible in ventral view. In dorsal view broad bands are present on the tail 

musculature with bands becoming progressively narrower towards the tip of the tail.  Dorsal tail fin with a 

fine, brown mottling. Ventral fin unpigmented; 20% of tail tip darkly pigmented. Dorsally the body is darker 

brown than the tail, with scattered dark brown spots. No pigmentation visible ventrally, becoming transparent 

when fixed. Neuromast organs clearly visible around eyes and snout. Nostrils ovoid, narrowly spaced, with a 

small fleshy ridge. IND 52% of IOD. Eyes positioned dorsolaterally, are relatively large, OD 15% of BL, not 

protuberant, elygium present. Snout rounded in lateral and dorsal view. Spiracle located just below body axis, 

orientated posteriorly, completely visible in dorsal view. Spiracular opening constricted; inner wall attached 

to body. Intestinal spiral well visible in ventral view, not visible in dorsal view and partly visible in lateral 

view (when fixed). Short, marginal and medial vent tube. Tail musculature very well developed, ATS 70% of 

BH, gradually tapering from base to the relatively sharp tip. Tail fin higher than body, MTH 110% of BH and 

DDF 32% of MTH. Dorsal fin originates at body-tail junction, gradually rising to about 49% of tail length 

before tapering down again to form a low convex shape. Ventral fin relatively straight. Oral disc large, ODW 

21% of BL and 37% of BW, transversally elliptical, directed ventrally, not visible in dorsal view, but margins 

visible in lateral view. Large rostral gap in marginal papillae, all papillae with a rounded tip, single row of 

papillae below and a double row on the sides above and below. LTRF 4(2-4)/3(1), with a small gap in A2, 

gradually widening to A4, tooth row length decreases from A2 to A4; small gap in adoral row (P1), P2 and 

P3 are continuous. Beak moderately pigmented, upper jaw sheath almost M-shaped and lower jaw sheath V-

shaped; both jaws finely serrated, with three parts having different colourations: base not keratinised 

(unpigmented); medial part moderately keratinised (brown); edge well keratinised (black). 

Variation. Table 4.2 shows the averages of the measurements of the series examined with minimum and 

maximum values in brackets. Ratios vary as follows: 

Gosner 28–40: BW 118–127% of BH, IND 52–88% of IOD, OD 13–16% of BL, ATS 56–79% of BH, ODW 

17–22% of BL, ODW 36–44% of BW, MTH 79–110% of BH, DDF 31–43% of MTH. 

The LTRF of the voucher specimen is 4(2-4)/3(1) and variation in the batch is as follows: 4(2-4)/3(1), 3(1-

3)/3(1), and 3(2-3)/3(1). When jaw sheaths appeared unusually unpigmented, keratodont rows were also 
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likely to have diminished. Mechanical damage or an amphibian fungal infection, chytridiomycosis, occurring 

commonly in A. vertebralis and A. umbraculata, could have been the cause. 

Table 4.2 Measurements and morphological data for A. dracomontana. For abbreviations, see Materials and 
Methods. 

 
AACRG Nr. Gosner TL (mm) BL (mm) BW (mm) 

Voucher spec. 1162 40 81.3 22.9 13 
Batch variation 1162–1164 28-40 43.8 (27.5; 81.3) 13.8 (8.9; 22.9) 6.9 (4.6; 13.0) 

 
BH (mm) TAL (mm) ATS (mm) DTS (mm) ADF (mm) 

Voucher spec. 10.4 58.4 7.3 6.4 0.5 
Batch variation 5.7 (3.9; 10.4) 29.9 (17.7; 58.4) 4.0 (2.2; 7.3) 2.7 (1.2; 6.4) 0.4 (0.3; 0.5) 

 
DDF (mm) DVF (mm) MTH (mm) TDP (%) SA (degrees) 

Voucher spec. 3.6 1.4 11.4 49 50 
Batch variation 2.1 (1.3; 3.6) 0.8 (0.5; 1.4) 5.6 (3.1; 11.4) 50 (43; 59) 39 (20; 50) 

 
OD (mm) LD (mm) IOD (mm) EL-ST (mm) E-ST (mm) 

Voucher spec. 3.4 1.2 4.4 4.9 5.7 
Batch variation 2.0 (1.3; 3.4) 0.7 (0.4; 1.2) 2.2 (1.4; 4.4) 3.0 (1.9; 4.9) 3.4 (2.2; 5.7) 

 
E-N (mm) ND (mm) IND (mm) N-ST (mm) ODW (mm) 

Voucher spec. 2.6 0.7 2.3 2.6 4.8 
Batch variation 1.4 (0.8; 2.6) 0.3 (0.2; 0.7) 1.7 (1.2; 2.3) 1.6 (1.1; 2.6) 2.7 (1.7; 4.8) 
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4.1.2. Amietia umbraculata 

Description. Based on one tadpole (AACRG1165) in developmental stage 36. Tadpoles from this batch were 

assigned to this species by means of molecular sequencing (see section 4.3). Specimen in an excellent state of 

preservation, fixed and preserved in 10% NBF. BL 18.1 mm, TL 50.5 mm, for further measurements see 

Table 4.3. In dorsal view the body shape is ovoid. In lateral view body appears elongated and dorsoventrally 

depressed, BW 138% of BH, flattening towards blunt snout. Colouration pale brown with extensive dark 

brown mottling on the tail musculature, not visible in ventral view. In dorsal view broad bands are present on 

the tail musculature with bands becoming progressively narrower towards the tip of the tail. Dorsal tail fin 

margin with small, brown mottling. Ventral fin unpigmented, except for a few inconspicuous chromatophores 

along the margin of the posterior 25%. Dorsal side of the body is darker brown than the tail, with scattered 

Figure 4.1 Lateral (a) and dorsal view (b), and oral disc (c) of a tadpole of Amietia 
dracomontana (AACRG1162) from Sani Pass. 

a 

c 

b 
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dark brown spots. No pigmentation visible ventrally, becoming transparent when fixed. Neuromast organs 

clearly visible around eyes, spiracle and snout. Nostrils narrowly spaced, with small ridge positioned midway 

between the snout tip and the eyes. IND 71% of IOD. Eyes positioned dorsolaterally, are relatively large, OD 

14% of BL, not protuberant, elygium present. Snout rounded in lateral and dorsal view. Spiracle below body 

axis, orientated posteriorly, visible in dorsal view. Spiracular opening constricted; inner wall attached to 

body. Intestinal spiral conspicuous in ventral view, not visible in dorsal view and partly visible in lateral 

view. Short, marginal vent tube, medial with right wall displaced dorsally. Tail musculature well-developed, 

ATS 73% of BH, gradually tapering from base to the relatively blunt tip. Tail fin not higher than body, MTH 

92% of BD and DDF 34% of MTH. Dorsal fin starts very low, gradually rising to about half of tail length 

before tapering down again to form a convex shape. Ventral fin relatively straight. Oral disc large, ODW 

24% of BL and 47% of BW, transversally elliptical, directed ventrally, not visible in dorsal view, but margins 

visible in lateral view. Large rostral gap in marginal papillae, all papillae with a rounded tip, double row 

below and 2–3 rows on the side above and below. LTRF 5(2–5)/4(1–2), with small gap in A2, gradually 

widening to A5, tooth row length decreases from A2 to A5; large gap in adoral row (P1), resulting in a short 

tooth row, this tooth row is also markedly further away from the other posterior tooth rows, situated closer to 

the mouth corner. Small gap in P2; P3 and P4 are continuous. Beak moderately pigmented, upper jaw sheath 

almost M-shaped and lower jaw sheath V-shaped. Both jaws finely serrated, with three parts having different 

colourations: base not keratinised (unpigmented); medial part moderately keratinised (brown); edge well 

keratinised (black). 

Variation. The series examined consists of seven specimens in Gosner stages 25–34 and 23 specimens in 

stages 35–40. Table 4.3 shows the averages of the measurements of the series examined in each Gosner 

grouping with minimum and maximum values in brackets. Proportions vary as follows: 

Gosner 25–34: BW 127–150% of BH, IND 49–70% of IOD, OD 12–15% of BL, ATS 59–72% of BH, ODW 

41–53% of BW, MTH 89–109% of BH, DDF 29–38% of MTH. 

Gosner 35–40: BW 119–144% of BH, IND 42–79% of IOD, OD 11–15% of BL, ATS 59–76% of BH, ODW 

29–51% of BW, MTH 80–106% of BH, DDF 31–42% of MTH. 

The LTRF of the voucher specimen is 5(2-5)/4(1-2) and variation in the batch is as follows:  5(2–5)/4(1–2); 

6(2–6)/4(1–2). When jaw sheaths appeared unusually unpigmented, keratodont rows were also likely to have 

diminished. Mechanical damage or an amphibian fungal infection, chytridiomycosis, occurring commonly in 

A. vertebralis and A. umbraculata, could have been the cause. 
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Table 4.3 Measurements and morphological data for A. umbraculata. For abbreviations, see Materials and 
Methods. 

 
AACRG Nr. Gosner TL (mm) BL (mm) BW (mm) 

Voucher spec. 1165 36 50.5 18.1 9.1 
Batch variation 1 1165–1171 25–34 47.8 (45.1; 55.5) 17.1 (16.0; 19.9) 8.9 (8.5; 10.5) 
Batch variation 2 35–40 56.9 (47.6; 76.6) 20.8 (17.2; 27.7) 11.2 (9.1; 15.0) 

 
BH (mm) TAL (mm) ATS (mm) DTS (mm) ADF (mm) 

Voucher spec. 6.6 32.4 4.8 3.9 0.0 
Batch variation 1 6.5 (5.9; 7.4) 30.7 (29.1; 35.6) 4.2 (3.9; 5.0) 3.2 (3.0; 3.5) 0.0 (0.0; 0.0) 
Batch variation 2 8.3 (6.6; 10.4) 36.1 (30.4; 48.9) 5.7 (4.8; 6.7) 4.0 (2.8; 4.7) 0.0 (0.0; 0.0) 

 
DDF (mm) DVF (mm) MTH (mm) TDP (%) SA (degrees) 

Voucher spec. 2.1 0.1 6.1 50 42 
Batch variation 1 2.2 (1.9; 2.8) 0.9 (0.5; 1.3) 6.3 (4.9; 7.6) 48 (42; 53) 56 (42; 70) 
Batch variation 2 2.7 (2.1; 4.0) 0.9 (0.1; 1.8) 8.9 (6.1; 13.8) 56 (50; 60) 43 (40; 45) 

 
OD (mm) LD (mm) IOD (mm) EL-ST (mm) E-ST (mm) 

Voucher spec. 2.5 0.8 2.8 4.1 4.6 
Batch variation 1 2.3 (2.2; 2.5) 0.6 (0.6; 0.7) 3.4 (3.0; 4.0) 3.4 (3.0; 3.6) 4.0 (3.7; 4.2) 
Batch variation 2 2.7 (2.2; 3.5) 0.8 (0.7; 0.9) 3.9 (2.8; 5.7) 4.1 (3.8; 4.2) 4.8 (4.3; 5.3) 

 
E-N (mm) ND (mm) IND (mm) N-ST (mm) ODW (mm) 

Voucher spec. 2.1 0.4 2.1 1.9 4.3 
Batch variation 1 1.9 (1.7; 2.1) 0.3 (0.3; 0.4) 2.1 (1.9; 2.2) 1.7 (1.4; 2.0) 4.0 (3.7; 4.3) 
Batch variation 2 2.3 (1.9; 2.7) 0.4 (0.3; 0.6) 2.1 (1.9; 2.4) 2.0 (1.8; 2.5) 4.9 (4.2; 6.2) 
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4.1.3. Amietia vertebralis 

Taxonomic note. Specimens examined included specimens described by Hewitt (1927) and were identified 

as A. vertebralis (PEM 294). 

Description. Description based on one tadpole (AACRG1172) in developmental stage 36. Tadpoles from this 

batch were assigned to this species by means of molecular sequencing (see section 4.3). Specimen in a good 

state of preservation (a small ventral part of tail excised), fixed and preserved in 10% NBF. BL 15.9 mm, TL 

Figure 4.2 Lateral (a) and dorsal view (b), and oral disc (c) of a tadpole of Amietia umbraculata 
(AACRG1165) from Sani Pass. 

a 

c 

b 
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40.6 mm, for further measurements see Table 4.4. Colouration dark brown with a few darker brown spots on 

the dorsal tail musculature, pigmentation extends to ventral view of musculature. Spots occur in scattered 

intervals, varying in size with no discernable pattern. Dark brown bands on the dorsal view of the tail, thinner 

bands in comparison to A. umbraculata. Tail fin evenly mottled dorsally, less pigmented ventrally. Body 

brown dorsally, with scattered dark brown mottling. Some pigmentation visible ventrally but this surface is 

dominantly white (which becomes translucent in fixative), with gold-coloured melanophores at the gular 

region. In dorsal view the body shape is ovoid to pear-shaped in some specimens. Neuromast organs clearly 

visible around eyes, spiracle and snout. In lateral view body appears elongated and depressed, BW 134% of 

BH, flattening towards blunt snout. Nostrils narrowly spaced, not protuberant with small ridge, positioned 

approximately midway between the snout tip and the eyes. IND 56% of IOD. Eyes positioned dorsolaterally, 

are relatively large, OD 12% of BL, not protuberant, elygium present. Snout rounded in lateral and dorsal 

view. Spiracle is below body axis, orientated posteriorly, visible in dorsal view. Spiracular opening is 

constricted, inner wall attached to body. Intestinal spiral conspicuous in ventral view, not visible in dorsal 

view and partly visible in lateral view. Short, marginal vent tube, medial with right wall displaced dorsally. 

Tail musculature well-developed, ATS 59% of BH, gradually tapering from base to the bluntly rounded fin 

tip. Tail fin not higher than body, MTH 96% of BD and DDF 31% of MTH. Dorsal fin starts very low, 

initially at the base of the tail, rising quite rapidly to about 46% of the tail length, tapering down to a blunt 

point. Oral disc large, ODW 0.26 of BL and 0.55 of BW, transversally elliptical, directed ventrally, not 

visible in dorsal view, but margins visible in lateral view. Rostral gap in marginal papillae, two to five rows 

on the sides above and below and a double row below, all papillae with a rounded tip. LTRF 6(2–6)/5(1–2), 

with a small gap in A2, gradually widening to A6, tooth row length decreases from A2 to A5; large gap in 

adoral row (P1), resulting in a short tooth row, small gap in P2; P3, P4 and P5 continuous. Beak moderately 

pigmented, upper jaw sheath almost M-shaped and lower jaw sheath V-shaped. Both jaws finely serrated, 

with three parts having different colourations: base not keratinised (unpigmented); medial part moderately 

keratinised (brown); edge well keratinised (black). 

Variation. The series examined consists of 19 specimens in stages 25–34 and 14 specimens in stages 35–40. 

Refer to Table 4.4 for averages of the measurement of the series examined in each Gosner grouping with 

minimum and maximum values in brackets. Proportions vary as follows: 

Gosner 25–34: BW 123–146% of BH, IND 52–70% of IOD, OD 9–13% of BL, ATS 49–65% of BH, ODW 

41–77% of BW, MTH 79–107% of BH, DDF 23–33% of MTH. 

Gosner 35–40: BW 123–146% of BH, IND 42–57% of IOD, OD 10–13% of BL, ATS 52–65% of BH, ODW 

48–57% of BW, MTH 85–107% of BH, DDF 25–33% of MTH.  
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The LTRF of the voucher specimen is 6(2-6)/5(1-2) and variation in the batch is as follows: 6(2–6)/5(1–2); 

7(2–7)/6(1–3); 5(2–5)/5(1–2). When jaw sheaths appeared unusually unpigmented, keratodont rows were also 

likely to have diminished. Mechanical damage or an amphibian fungal infection, chytridiomycosis, occurring 

commonly in A. vertebralis and A. umbraculata, could have been the cause. 

 

Table 4.4 Measurements and morphological data for A. vertebralis. For abbreviations, see Materials and 
Methods. 

 
AACRG Nr. Gosner TL (mm) BL (mm) BW (mm) 

Voucher spec. 1172 36 40.6 15.9 7.5 
Batch variation 1 1172–1174 25–34 32.5 (26.5; 43.4) 13.2 (10.7; 15.8) 6.5 (5.3; 7.8) 
Batch variation 2 35–40 44.5 (40.2; 56.9) 17.1 (15.4; 22.0) 8.4 (7.4; 10.8) 

 
BH (mm) TAL (mm) ATS (mm) DTS (mm) ADF (mm) 

Voucher spec. 5.6 24.7 3.3 2.8 0.4 
Batch variation 1 4.9 (4.1; 6.3) 19.4 (15.8; 27.6) 2.8 (2.1; 3.9) 2.4 (1.7; 3.1) 0.4 (0.2; 0.5) 
Batch variation 2 5.8 (2.1; 8.9) 27.5 (24.3; 34.9) 3.6 (3.1; 5.1) 3.2 (2.4; 4.6) 0.4 (0.0; 0.5) 

 
DDF (mm) DVF (mm) MTH (mm) TDP (%) SA (degrees) 

Voucher spec. 1.7 0.9 5.4 46 43 
Batch variation 1 1.3 (1.0; 1.6) 0.9 (0.5; 3.1) 4.3 (3.5; 6.5) 36 (28; 45) 41 (30; 55) 
Batch variation 2 1.7 (1.4; 2.0) 1.0 (0.5; 1.3) 5.6 (4.7; 7.9) 42 (33; 48) 41 (37; 55) 

 
OD (mm) LD (mm) IOD (mm) EL-ST (mm) E-ST (mm) 

Voucher spec. 1.9 0.5 3.2 3.4 3.8 
Batch variation 1 1.5 (1.2; 2.2) 0.5 (0.4; 0.8) 2.7 (2.1; 3.5) 3.0 (2.4; 3.7) 3.4 (2.8; 4.1) 
Batch variation 2 2.0 (1.8; 2.4) 0.6 (0.5; 0.8) 3.5 (3.0; 4.4) 3.9 (3.3; 5.6) 4.4 (3.8; 6.1) 

 
E-N (mm) ND (mm) IND (mm) N-ST (mm) ODW (mm) 

Voucher spec. 1.7 0.3 1.8 1.7 4.1 
Batch variation 1 1.4 (1.1; 1.8) 0.3 (0.2; 0.5) 1.6 (1.3; 2.4) 1.7 (1.2; 3.1) 3.2 (2.4; 4.1) 
Batch variation 2 1.9 (1.6; 2.4) 0.4 (0.3; 0.5) 1.7 (1.6; 1.9) 2.0 (1.5; 3.1) 4.4 (4.0; 5.3) 
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4.1.4. Strongylopus grayii 

Description. Based on one tadpole (AACRG1175) in developmental stage 37. Specimen is in an excellent 

state of preservation; fixed and preserved in 10% NBF. BL 22.6 mm, TL 52.5 mm, for further measurements 

see Table 4.5. In dorsal view the body shape is ovoid. In lateral view body appears plump (more so than in 

other younger specimens examined), slightly dorsoventrally depressed, BW 110% of BH, flattening towards 

blunt snout. Colouration black to dark grayish with tail musculature uniformly dark, visible in ventral view as 

well. Dorsal as well as ventral tail fin extensively pigmented with a few unpigmented areas on the anterior 

part of the fins; 44% of tail tip darkly pigmented. In dorsal view the tadpole appears dark grayish to black, the 

body and tail uniformly pigmented. No pigmentation visible ventrally, becoming transparent when fixed; 

intestinal spiral conspicuous in ventral view, not visible in dorsal view and partly visible in lateral view. 

Neuromast organs clearly visible around eyes and snout. Nostrils ovoid, narrowly spaced, with small fleshy 

Figure 4.3 Lateral (a) and dorsal view (b), and oral disc (c) of a tadpole of Amietia vertebralis 
(AACRG1172) from Mont-aux Sources. 

c 

a 

b 



48 

 

ridge around nostril opening. IND 62% of IOD. Eyes positioned dorsolaterally, are medium sized, OD 9% of 

BL, not protuberant, small elygium present. Snout rounded in lateral and dorsal view. Spiracle located just 

below body axis, orientated posteriorly upwards with SA of 36 degrees, visible in dorsal view. Spiracular 

opening constricted; inner wall attached to body. Short, marginal vent tube with a large opening, medial with 

right wall displaced dorsally. Tail musculature not well-developed, ATS 31% of BH, the first half of the tail 

musculature is consistent in height before gradually tapering to the relatively sharp tip. Tail fin not higher 

than body, MTH 81% of BH and DDF 33% of MTH, dorsal tail fin stretches higher than body. Dorsal fin 

originates before body-tail junction, gradually rising to about 27% of tail length before tapering down again 

to form a convex shape. Ventral fin also convexly shaped. Oral disc medium sized, ODW 17% of BL and 

30% of BW, circular when opened, directed ventrally, not visible in dorsal view, but margins visible in lateral 

view. Large rostral gap in marginal papillae, all papillae short with a rounded tip, double row of papillae 

below and 3–4 rows laterally above and below. LTRF 3(2-3)/3(1), with gaps in A2 and A3; small gap in 

adoral row (P1), P2 and P3 are continuous, P1–3 approximately equal in length. Beak deeply pigmented to its 

base, upper jaw sheath M-shaped and lower jaw sheath V-shaped; both jaws finely serrated. 

Variation. Refer to Table 4.5 for variation. Ratios vary as follows: 

 

Gosner 29–37: BW 110–136% of BH, IND 62–95% of IOD, OD 8–12% of BL, ATS 30–41% of BH, ODW 

17–26% of BL, ODW 30–44% of BW, MTH 78–118% of BH, DDF 27–38% of MTH. 

The LTRF of the voucher specimen is 3(2-3)/3(1) and variation in the batch is as follows: 3(2-3)/3(1); 4(2-

4)/3(1); 4(2-4)/3. When jaw sheaths appeared unusually unpigmented, keratodont rows were also likely to 

Table 4.5 Measurements and morphological data for S. grayii. For abbreviations, see Materials and Methods. 

 
AACRG Nr. Gosner TL (mm) BL (mm) BW (mm) 

Voucher spec. 1175 37 52.5 22.6 12.8 
Batch variation 1175–1178 29–37 33.9 (22.0; 53.3) 13.8 (8.9; 22.6) 7.9 (5.0; 13.7) 

 
BH (mm) TAL (mm) ATS (mm) DTS (mm) ADF (mm) 

Voucher spec. 11.6 29.9 3.6 3.6 1.8 
Batch variation 6.5 (4.1; 11.6) 20.1 (12.4; 31.4) 2.3 (1.4; 4.0) 2.3 (1.6; 3.7) 0.8 (0.4; 2.0) 

 
DDF (mm) DVF (mm) MTH (mm) TDP (%) SA (degrees) 

Voucher spec. 3.1 2.7 9.4 27 36 
Batch variation 1.9 (1.0; 3.2) 1.5 (1.0; 2.7) 5.7 (3.7; 9.5) 38 (27; 64) 41 (29; 55) 

 
OD (mm) LD (mm) IOD (mm) EL-ST (mm) E-ST (mm) 

Voucher spec. 2.0 0.6 3.9 4.5 5.5 
Batch variation 1.5 (1.0; 2.0) 0.5 (0.4; 0.6) 2.5 (1.6; 3.9) 3.6 (2.7; 5.0) 4.0 (2.9; 5.7) 

 
E-N (mm) ND (mm) IND (mm) N-ST (mm) ODW (mm) 

Voucher spec. 2.1 0.4 2.4 2.8 3.8 
Batch variation 1.4 (0.9; 2.1) 0.3 (0.2; 0.5) 1.9 (1.4; 2.5) 2.3 (1.8; 3.2) 2.9 (1.9; 4.2) 
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have diminished. Mechanical damage or an amphibian fungal infection, chytridiomycosis, occurring 

commonly in A. vertebralis and A. umbraculata, could have been the cause. 

a 

c 

b 

Figure 4.4 Lateral (a) and dorsal view (b), and oral disc (c) of a tadpole of Strongylopus 
grayii (AACRG1175) from Mont-aux Sources. 
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4.1.5. Strongylopus wageri 

Description. Based on one tadpole (AACRG1179) in developmental stage 28. Specimen in an 

excellent state of preservation, fixed and preserved in 10% NBF. BL 11.0 mm, TL 30.0 mm, for 

further measurements refer to Table 4.6. In dorsal view the body shape is ovoid. In lateral view body 

appears elongated and dorsoventrally depressed, BW 120% of BH, flattening towards blunt snout. 

Colouration pale brown on tail musculature, not visible in ventral view. In dorsal view a few darker 

areas are present on the tail musculature. Dorsal tail fin with a fine, brown mottling. Ventral fin 

unpigmented; 27% of tail tip darkly pigmented. Dorsal side of the body is darker than the tail, with 

scattered dark brown spots. White pigmentation visible ventrally, becoming transparent when fixed. 

Neuromast organs clearly visible around eyes, spiracle and snout.  Nostrils round, narrowly spaced, 

with small fleshy ridge around opening. IND 86% of IOD. Eyes positioned dorsolaterally, are 

relatively large, OD 13% of BL, not protuberant, elygium present. Snout rounded in lateral and dorsal 

view. Spiracle just below body axis, orientated posteriorly upwards with an angle of 54 degrees, 

completely visible in dorsal view. Spiracular opening constricted; inner wall attached to body. 

Intestinal spiral conspicuous in ventral view, not visible in dorsal view, and partly visible in lateral 

view (when fixed). Marginal vent tube, medial with right wall displaced dorsally. Tail musculature 

moderately developed, ATS 48% of BH, gradually tapering from base to the relatively sharp tip. Tail 

fin not higher than body, MTH 74% of BH and DDF 38% of MTH. Dorsal fin starts at body-tail 

junction, gradually rising to about 54% of tail length before tapering down again to form a convex 

shape. Ventral fin is also convex. Oral disc medium sized, ODW 17% of BL and 29% of BW, almost 

roundly shaped when opened, directed ventrally, not visible in dorsal view, but margins visible in 

lateral view. Large rostral gap in marginal papillae, all papillae with a rounded tip, single row of 

papillae at mouth corner and three rows above and below, last row has a finger-like shape. LTRF 4(2-

4)/3(1), with small gap in A2, with gap gradually widening to A4, tooth row length decreases from 

A2 to A4; small gap in adoral row (P1), P2 and P3 are continuous. Beak moderately pigmented with 

three parts having different colourations: base not keratinised (unpigmented); medial part moderately 

keratinised (brown); edge well keratinised (black), upper jaw sheath almost M-shaped and lower jaw 

sheath V-shaped; both jaws finely serrated. 

Variation. Table 4.6 shows the averages of the measurements of the series examined with minimum 

and maximum values in brackets. Ratios vary as follows: 

Gosner 25–28: BW 117–138% of BH, IND 81–100% of IOD, OD 10–14% of BL, ATS 46–61% of 

BH, ODW 17–31% of BL, ODW 29–50% of BW, MTH 74–96% of BH, DDF 31–38% of MTH. 
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The LTRF of the voucher specimen is 4(2-4)/3(1) and variation in the batch is as follows:  4(2-

4)/3(1); 2(2)/3(1); 3(2-3)/3(1). When jaw sheaths appeared unusually unpigmented, keratodont rows 

were also likely to have diminished. Mechanical damage or an amphibian fungal infection, 

chytridiomycosis, occurring commonly in A. vertebralis and A. umbraculata, could have been the 

cause. 

 

Table 4.6 Measurements and morphological data for S. wageri. For abbreviations, see Materials and Methods. 

 
AACRG Nr. Gosner TL (mm) BL (mm) BW (mm) 

Voucher spec. 1179 28 30.0 11.0 6.5 

Batch variation 1179–1181 25–28  
21.6 (15.7; 33.4)

  8.0 (5.9; 12.4)  4.7 (3.5; 6.8) 

 
BH (mm) TAL (mm) ATS (mm) DTS (mm) ADF (mm) 

Voucher spec. 5.4 19.0 2.6 1.5 0.2 

Batch variation 3.7 (2.8; 5.4)  
13.6 (9.8; 

21.0) 2.0 (1.4; 2.6) 1.4 (1.1; 2.0) 0.3 (0.1; 0.7) 

 
DDF (mm) DVF (mm) MTH (mm) TDP (%) SA (degrees) 

Voucher spec. 1.5 1.0 4.0 54 52 
Batch variation 1.0 (0.8; 1.5) 0.7 (0.6; 1.1) 3.1 (2.6; 4.6) 40 (36; 54) 45 (31; 57) 

 
OD (mm) LD (mm) IOD (mm) EL-ST (mm) E-ST (mm) 

Voucher spec. 1.4 0.5 2.2 2.4 2.9 
Batch variation 1.0 (0.7; 1.4) 0.3 (0.2; 0.6) 1.6 (1.1; 2.5) 2.1 (1.3; 3.4) 2.4 (1.5; 3.8) 

 
E-N (mm) ND (mm) IND (mm) N-ST (mm) ODW (mm) 

Voucher spec. 1.2 0.2 1.9 1.5 1.9 
Batch variation 0.9 (0.6; 1.6) 0.2 (0.1; 0.3) 1.4 (1.1; 2.1) 1.4 (0.8; 2.0) 2.1 (1.5; 2.9) 
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a 

c 

b 

Figure 4.5 Lateral (a) and dorsal view (b), and oral disc (c) of a tadpole of Strongylopus wageri 
(AACRG1179) from Sani Pass. 
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4.1.6. Vandijkophrynus gariepensis 

Taxonomic note. There is a great deal of confusion regarding this taxon (Michael Cunningham, pers. 

comm.). This species consists of two subspecies, V. g. nubicola and V. g. gariepensis, both occurring 

at the summit of the Drakensberg Mountains. Cunningham suspects that the two subspecies overlap 

at Mont-aux Sources, with V. g. gariepensis to the west and in Lesotho, and V. g. nubicola around the 

eastern escarpment. Cunningham is currently conducting further research on this taxon. For practical 

purposes these tadpoles will be assigned to species level only. 

Description. Based on one tadpole from a batch (A6231) in developmental stage 31. Specimen in a 

reasonable state of preservation, preserved in 10% NBF. BL 5.9 mm, TL 15.3 mm, for further 

measurements see Table 4.7. In dorsal view the body shape is ovoid. In lateral view body appears 

plump and depressed dorsoventrally, BW 135% of BH, flattening towards blunt snout. Colouration 

dark brown, uniformly pigmented on the tail musculature. Dorsal tail fin with a few fine, brown 

pigment lines. Ventral fin unpigmented. No pigmentation visible ventrally, becoming transparent 

when fixed. Nostrils are typically bufonid, large and ovoid, 30% of internarial distance and larger 

than eye lens, narrowly spaced, with small fleshy ridge. IND 88% of IOD. Eyes positioned 

dorsolaterally, are medium sized, OD 10% of BL, not protuberant, elygium absent. Snout rounded in 

lateral and dorsal view. Spiracle below body axis, orientated posteriorly at an angle of 33 degrees, 

visible in dorsal view. Spiracular opening constricted; inner wall attached to body. Intestinal spiral 

conspicuous in ventral view, not visible in dorsal view and partly visible in lateral view (when fixed). 

Short, marginal vent tube, medial. Tail musculature poorly developed, ATS 35% of BH, gradually 

tapering from base to the sharp tip. Tail fin not higher than body height, MTH 88% of BH and DDF 

26% of MTH. Dorsal fin originates at body-tail junction, rising slightly higher than body, slightly 

rising to about 48% of tail length before tapering down again ending in a blunt tip, dorsal and ventral 

fins almost parallel. Ventral fin relatively straight. Oral disc large, ODW 22% of BL and 37% of BW, 

transversally elliptical, directed almost ventrally, not visible in dorsal view, but margins visible in 

lateral view. Large rostral and mental gap in marginal papillae, single row of large papillae with 

rounded tips. LTRF 2(2)/3, with a gap in A2. Beak moderately pigmented with three parts having 

different colourations: base not keratinised (unpigmented); medial part moderately keratinised 

(brown); edge well keratinised (black), upper jaw sheath slightly curved and lower jaw sheath V-

shaped; both jaws finely serrated.  
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Variation. Refer to Table 4.7 for variation. Ratios vary as follows: 

Gosner 30–35: BW 128–142% of BH, IND 73–100% of IOD, OD 8–11% of BL, ATS 27–44% of 

BH, ODW 19–23% of BL, ODW 32–38% of BW, MTH 42–88% of BH, DDF 21–37% of MTH, BL 

63–72% of TAL. 

The LTRF of the voucher specimen is 2(2)/3 and variation in the batch is as follows: 2(2)/3(1); 

2(2)/3. Neither depigmentation of the jaw sheath, nor a loss of tooth rows was observed. 

 

Table 4.7 Measurements and morphological data for V. gariepensis. For abbreviations, see Materials and 
Methods. 

 
Acc. Nr. Gosner TL (mm) BL (mm) BW (mm) 

Voucher spec. A6231 31 15.3 5.9 3.5 
Batch variation A6231 30–35 16.2 (14.8; 18.6) 6.6 (5.9; 7.7) 3.9 (3.2; 4.8) 

 
BH (mm) TAL (mm) ATS (mm) DTS (mm) ADF (mm) 

Voucher spec. 2.6 9.4 0.9 1.0 0.3 
Batch variation 2.8 (2.5; 3.4) 9.7 (8.6; 10.9) 1.0 (0.9; 1.3) 0.8 (0.7; 1.0) 0.3 (0.2; 0.3) 

 
DDF (mm) DVF (mm) MTH (mm) TDP (%) SA (degrees) 

Voucher spec. 0.6 0.7 2.3 48 33 
Batch variation 0.5 (0.2; 0.7) 0.5 (0.3; 0.7) 1.9 (1.4; 2.3) 51 (47; 60) 33 (30; 38) 

 
OD (mm) LD (mm) IOD (mm) EL-ST (mm) E-ST (mm) 

Voucher spec. 0.6 0.1 0.8 1.3 1.4 
Batch variation 0.7 (0.6; 0.8) 0.1 (0.1; 0.2) 0.9 (0.8; 1.1) 1.3 (1.1; 1.4) 1.5 (1.4; 1.6) 

 
E-N (mm) ND (mm) IND (mm) N-ST (mm) ODW (mm) 

Voucher spec. 0.5 0.2 0.7 0.8 1.3 
Batch variation 0.5 (0.5; 0.5) 0.2 (0.2; 0.3) 0.8 (0.7; 0.9) 0.8 (0.7; 0.8) 1.4 (1.2; 1.7) 
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4.1.7. Xenopus laevis 

No measurements were taken for this already very well known tadpole. The morphological 

characteristics are discussed in Appendix A. 

Figure 4.6 Lateral (a) and dorsal view (b), and oral disc (c) of a tadpole of Vandijkophrynus 
gariepensis (AACRG1172) from Mont-aux Sources. 

 

a 

c 

b 
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4.2. High altitude Drakensberg tadpoles 

Tadpole features varied in the following aspects according to habitat utilization: body and tail morphology, 

pigmentation, and presence or absence of an elygium (Table 4.8). 

Body and tail morphology 

All of the tadpoles examined had a dorsoventrally compressed body. When their bodies are positioned 

stream-up this has a streamlining effect, reducing the force of the water taking them down-stream, and 

decreasing the energy used when swimming. Strongylopus grayii and V. gariepensis tadpoles occur in 

stagnant marsh water and appear more plump. The plasticity of body compression in all tadpoles occurring in 

the natural environment can be seen in the variation in relationship between BW and BH (Figure 4.7). 

The tail musculature of A. dracomontana, A. umbraculata, A. vertebralis, and to a certain extent S. wageri 

was well developed and had relatively high tail muscle height to body width ratios. Strongylopus grayii, V. 

gariepensis and X. laevis do not have a well developed tail musculature. This is due to the different 

microhabitats in which they occur. Tadpoles living in constantly flowing and turbulent water will typically 

need stronger tails to propel them through the streams. In contrast, strong tail musculature in tadpoles living 

in marshy areas where the water is relatively stagnant is unnecessary, and only needed for swimming and 

predator avoidance. 

Figure 4.7 Histogram showing the variation in tail muscle height proportionally to 
body height. Standard deviation bars included. 
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Pigmentation 

All tadpoles that were described are darkly pigmented, ranging from black to dark brown to brown with dark 

markings. This functions in predator avoidance through crypsis. We found that (except for X. laevis) all 

tadpoles blended in with the substrate. Substrates differed from organic sediment, sand, small pebbles in 

rocky pools to black decomposing matter in the heaths and moorlands of the summit. Strongylopus grayii 

were especially well camouflaged against a black background. 

Oral disc 

Oral disc width varied between species occurring in lotic streams (A. dracomontana, ODW 36–44% of BW; 

A. umbraculata, ODW 41–53% of BW; A. vertebralis, ODW 48–57% of BW; and S. wageri, ODW 29–50% 

of BW) and stagnant marsh areas (V. gariepensis, ODW 30–44% of BW and S. grayii, ODW 32–38% of 

BW). 

Table 4.8 Comparative morphology indicating distribution of adaptations among the species. 
Adaptation Elygium Camouflaged 
A. dracomontana     
A. umbraculata     
A. vertebralis     
S. grayii     
S. wageri     
V. gariepensis    
X. laevis   

4.3. Data analysis for A. umbraculata and A. vertebralis. 

Molecular analyses 

Molecular analyses revealed a perfect match with tissue from adult A. umbraculata (AACRG 1005) and 

matched sequences in Genbank. This confirmed the identity of these tadpoles (AACRG 1171 & 1182) as 

belonging to A. umbraculata. Molecular analyses of eleven tadpoles of A. vertebralis (AACRG 1174 & 

AD090617B31) agreed with adult specimens of A. vertebralis (unpublished) and GenBank sequences 

(Tarrant et al.). 

Interspecies differences 

Several measurements were plotted against each other to determine significant differences between the 

species. The following comparative results showed no significance: eye line vs. snout tip; body length vs. 

total length; body width vs. body depth. We found that tadpoles of A. umbraculata had no anterior dorsal fin 

whereas A. vertebralis had an average ADF of 0.4 mm high. In a plot of Gosner stage against total length we 
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found that A. umbraculata tadpoles are significantly larger (Tukey HSD, p<0.05) than A. vertebralis at any 

given Gosner stage (Figure 4.8a). We also found a significant difference (Tukey HSD, p<0.05) in the ratios of 

body length - tail length (Figure 4.8b). Amietia umbraculata has a longer tail than A. vertebralis. The body of 

A. umbraculata is 52% on average of the tail length and that of A. vertebralis is 66%. In figure 4.8c the 

difference in tail fin curvature was plotted indicating that the tail fin of A. umbraculata is more rounded. In a 

plot of anterior tail shaft height to body length ratio against tail deepest portion to tail length ratio we found a 

larger variation of tail shaft height in A. umbraculata tadpoles and a larger variation in the tail deepest portion 

in A. vertebralis tadpoles (Figure 4.8d). Nonetheless, there is a significant difference (Tukey HSD, p<0.05) in 

tail shaft height and tail deepest portion in these two species. This also showed that the dorsal fin of A. 

 

Figure 4.8 Compared lengths and ratios plotted against each other to show major differences. 
(a) Gosner against total length, (b) body length against tail length, (c) tail curvature against tail 
length and (d) anterior tail shaft height – body length ratio against tail deepest portion - tail 
length ratio. Legend: open circles = A. umbraculata, solid circles = A. vertebralis. 

a 

c 

b 

d 
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umbraculata reached its maximum height closer to the tail tip than A. vertebralis, but overlapping exists for 

this character in smaller tadpoles. In addition, mottling in A. umbraculata is more extensive on the tail 

musculature in both live and preserved specimens (Figure 4.9). 

 

Figure 4.9 Photos of live specimens of Amietia umbraculata (a) and A. vertebralis (c) and fixed 
specimens of each (b & d respectively) showing the difference in mottling that can be seen in live and 
preserved (10% NBF) specimens. 
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5Results: Elygium histology and cellular 

ultra structure 
5.1. Elygium histology – position and morphology 

The H&E staining performed to determine the position of the elygium and umbraculum was reasonably 

successful, but had limited application. It did enable identification of the area of interest for thin 

sectioning. The ten micron cross section shown in Figure 5.1 illustrates the basic eye anatomy and shows 

the position of the elygium and developing umbraculum. The retinal layers, iris, cornea and lens are easily 

distinguished. Furthermore, the elygium is shown as an accumulation of the pigment cells situated 

between the stroma and corneal endothelium. The developing umbraculum can be seen as a dilation of the 

stroma of the iris extending over the lens. External to the developing umbraculum in tadpoles is the 

elygium, formed by a layer of melanocytes in the inner cornea. The retinal pigment layer continues into 

the anterior pigment layer of the iris. 

In a thinner (1.4 micron) sections viewed under the TEM at a higher magnification, show more 

cellular detail (Figure 5.2 – 5.4). The relatively thick outer cornea epithelium is observable as squamous 

epithelial cells. The melanocytes within the elygium layer and the developing umbraculum can be seen in 

the cornea layer as well as the granular appearance of the melanosomes within the melanocytes. 
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b 

a 

Figure 5.1 A 10 µm saggital section through the eye of a tadpole of Amietia 
vertebralis at 40x magnification (a) and 100x magnification (b), showing the 
elygium as a layer in the cornea and the developing umbraculum as a projection 
from the iris. Sections stained with H&E. Abbreviations: CO = cornea, DU = 
developing umbraculum, EL = elygium, IR = iris, RL = retinal layers. 
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Figure 5.2 A 1.4 micron saggital section through the eye of Amietia 
vertebralis at 600x magnification (a) and 1000x magnification (b), 
showing the elygium layer of melanocytes with the developing 
umbraculum beneath it. Section stained with toluidine blue. 
Abbreviations: CO = cornea, DU = developing umbraculum, EL = 
elygium, LE = lens, ME = melanocytes containing melanophores.  

a 

b 
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Figure 5.3 A section through the (a) dorsal part of the iris also showing the elygium 
and developing umbraculum containing melanocytes, at 600x magnification and (b) 
the small developing pupillary nodule in the tadpole, at 1000x magnification. 
Abbreviations: UN = umbracular neck, PC = pigment cellIs within the iris stroma, SE 
= squamous epithelial cells, RL = retinal layers, I = iris, PN = pupillary nodule, LE = 
lens epithelium, DU = developing umbraculum. 

b 

a 
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5.2. Elygium and developing umbraculum cellular ultra structure 

Cornea 

The cornea consists of three layers: the corneal epithelium, the stroma, and the corneal endothelium 

(Figure 5.5). 

Epithelium. The outer surface of the cornea is lined with a relatively thick layer of stratified squamous 

epithelium resting on a thin basal lamina. 

Stroma or Substantia Propria. The substantia propria in the tadpole’s cornea is very thin in relation to 

mammals and consists of water and collagen fibers arranged in layers. The cells of the stroma are long 

slender fibroblasts (keratocytes) wedged in narrow gaps among the parallel bundles of collagen fibrils.  

Endothelium. The inner surface of the cornea consists of a thin layer of large squamous cells.  

Figure 5.4 A section through the ventral part of the eye showing the ventral elygium at 100x 
magnification. Abbreviations: PI = pigmented cells of the ventral iris, VE = ventral elygium, VC = 
ventral part of the cornea. 
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Elygial layer of melanocytes. Between the corneal endothelium and the stroma is a thick layer of 

melanocytes. This layer is only present in the area in which the elygium occurs, which is otherwise 

replaced by substantia propria. The melanocytes are longitudinal in shape and are filled with cytoplasmic 

granules (melanosomes) containing melanin. 

Figure 5.5 Cross section of the cornea in the elygium-containing area showing the cellular 
composition of the different layers. Abbreviations: EN = endothelium, S = stroma consisting of water 
and collagen fibers, SE = stratified squamous epithelium, MN = melanocyte nucleus, MS = 
melanosomes containing melanin. This melanocyte layer forms the elygium. Bar = 10 µm. 
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The developing umbraculum 

The umbraculum, which is a dilation of the stroma of the iris, consists of a mass of pigmentfilled cells as 

seen in figure 5.6. These cells have a compacted appearance and consist of cytoplasm, a cell nucleus, 

melanosomes suspended in the cytoplasm and a cell wall bordering the cell. These melanocytes will 

proliferate to ultimately develop into the adult stage umbraculum. The iris and developing umbraculum 

have the same cellular structure. 

Figure 5.6 Cellular composition of the pigment cells within the developing umbraculum. 
Abbreviations: C = cytoplasm, MJ = melanocyte junction (where two cell walls of melanocytes meet), 
MN = melanocyte nucleus, MS = melanosome containing melanin, MW = melanocyte wall, bar = 
1µm. 
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6 Results: Development of the elygium as a 

function of UVB intensity 
6.1. Experimental results 

The experiment commenced with tadpoles that were all approximately 23.4 mm in length and at the same 

Gosner developmental stage. However, by the time of termination of the experiment tadpoles had varying 

lengths as well as Gosner stages ranging from 29 to 34. We included all of these tadpoles in the statistical 

analyses of the development of the elygium over the six month period (Table 6.1). 

In the graphs below a definite variation in elygium development is shown in all UV exposure levels. 

Standard error and significance values of 95% confidence are summarized in Table 6.2.  

Figure 6.1a shows a noticeable decrease in ocular diameter in relation to the elygium area in all of the 

exposures. In other words, the elygium area increased in relation to the ocular diameter in all cases. The 

graph shows a turning point at measurement nine (week 18) at an average Gosner stage of 31 for the No UV 

and high UV tanks and Gosner 29 in the Medium UV tank. This could mean that elygium growth in relation 

to the ocular diameter slows down during these stages. It is worth noting that at the end of the experiment 

elygium area is significantly larger in relation to ocular diameter in the High UV exposure tank than in the No 

UV tank (see Table 6.2 for significance values). 

Figure 6.1b shows the relationship between the elygium area and lens area. The ratios do not differ 

significantly between the three exposure tanks in the first few weeks. The ratio in the High UV as well as the 

Medium UV ended more than 10% higher than at the commencement of the experiment in comparison to the 

No UV tank which stayed the same. Again it is interesting to note that the end points of the High UV tank is 

10% higher than that of the No UV tank at measurement twelve.  

Figure 6.1c shows the elygium length expressed as a percentage of the lens diameter varied between 

53–72% as a result of variation in the shapes of elygia (see section 6.2 on additional observations). The 

length to lens diameter ratio again ends 9% lower in the No UV tank than in the other two exposure tanks.  

The lens diameter in relation to the oculary diameter stayed more or less the same (min = 28%, max = 

35%) throughout the experimental period with insignificant variation (figure 6.1d). The relatively constant 

relationship between lens diameter and ocular diameter increases the significance of variation in elygium size 



68 

 

in relation to lens size. This means that any variation in growth of the elygium in relation to the lens size has 

a possible effect on how much light is blocked by the elygium. 

In the last graph variation in elygium base length in relation to the lens diameter was shown (figure 

6.1e). The lens diameter never exceeded the elygium base except for one instance in the No UV tank when 

the elygium base length was 97% of the lens diameter (at measurement five). 

Table 6.1 Different measurements of the elygium in High UV, Medium UV and No UV tanks. Each 
measurement shown here is the average of ten tadpoles that were taken from of each exposure tank of 20 
tadpoles. 
High UV 

Measurement 
Total  
length 
(mm) 

Gosner 
Elygium  

area 
(um2) 

Elygium  
length 
(um) 

Elygium  
base 
(um) 

Lens  
diameter 

(um) 

Lens  
area 
(um2) 

Ocular  
diameter 

(um) 
1 23.4 27 48973 267 475 415 132522 1253 
2 24.6 27 66686 290 488 417 132416 1283 
3 24.5 27 63674 259 476 409 140216 1265 
4 26.3 28 70525 258 517 433 158116 1317 
5 28.0 28 72554 255 550 448 163343 1366 
6 27.3 28 77521 272 549 434 156008 1313 
7 27.9 28 84260 289 583 451 163822 1365 
8 30.1 29 87102 280 590 455 184708 1388 
9 32.6 29 104624 314 660 489 211483 1502 
10 34.6 31 98010 290 668 503 203735 1596 
11 35.1 30 109884 310 741 497 208481 1620 
12 38.5 35 128209 355 789 573 271371 1807 
         
Medium UV 

Measurement 
Total  
length 
(mm) 

Gosner 
Elygium  

area 
(um2) 

Elygium  
length 
(um) 

Elygium  
base 
(um) 

Lens  
diameter 

(um) 

Lens  
area 
(um2) 

Ocular  
diameter 

(um) 
1 23.4 27 48973 267 475 415 132522 1253 
2 23.8 26 61109 253 432 430 235964 1236 
3 23.8 26 63921 267 448 412 134944 1223 
4 25.7 27 58883 233 471 438 158504 1297 
5 27.9 28 86723 293 544 466 181827 1414 
6 26.5 28 67262 259 499 416 157759 1275 
7 28.6 29 97873 290 587 468 194094 1454 
8 35.4 30 160535 345 803 555 288826 1761 
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9 37.6 30 152823 351 800 502 266234 1777 
10 31.0 29 82531 274 567 471 174548 1471 
11 34.4 30 90765 296 602 501 193302 1570 
12 35.6 32 107061 328 667 534 224713 1679 
          
No UV 

Measurement 
Total  
length 
(mm) 

Gosner 
Elygium  

area 
(um2) 

Elygium  
length 
(um) 

Elygium  
base 
(um) 

Lens  
diameter 

(um) 

Lens  
area 
(um2) 

Ocular  
diameter 

(um) 
1 23.4 27 48973 267 475 415 132522 1253 
2 22.2 26 51627 228 416 375 114723 1145 
3 20.6 26 47901 228 381 381 111229 1088 
4 22.5 27 63656 240 430 420 155508 1240 
5 25.0 27 67600 258 443 455 171822 1291 
6 27.1 28 86181 284 501 482 187583 1376 
7 29.7 29 107668 315 562 498 221125 1476 
8 32.2 29 122776 323 632 536 239482 1611 
9 35.2 29 120270 339 639 540 248033 1680 
10 35.8 31 144416 391 671 543 207374 1711 
11 35.9 31 93092 312 567 499 196893 1600 
12 36.3 33 96193 291 666 550 258804 1672 

 

The elygium base length is less variable than as the elygium length. The elygium base length to lens 

diameter in the High UV exposure tank is 17% higher than in the No UV tank. A scatter plot of elygium base 

length against elygium area (figure 6.2) showed that the elygium base length is directly proportional to the 

elygium area and consequently to the amount of shade the elygium provides to the retina. Tadpoles tend to 

develop wider elygium bases rather than higher elygium areas. The elygia tend to have a larger area in 

tadpoles from the No UV tank whereas elygia from the High UV tank had smaller but wider elygia areas. 
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Table 6.2 Summary of Tukey HSD significance test, showing the averages and standard errors from the measurements taken of the elygia. 

Treatment EA EL EB LD LA OD 

HUV1 66686 ± 3652a 290 ± 12 a 488  ± 27 a 417  ± 11 a 132416  ± 8300 a 1283  ± 38 a 
NUV1 51627  ± 3827 a 228 ± 7 a 416 ± 12 a 375  ± 8 a 114723 ± 4266 a 1145  ± 26 a 
HUV2 63674  ± 5806 a 259 ± 18 a 476  ± 19 a 409  ± 12 a 140216  ± 8545 a 1265  ± 40 a 
NUV2 47901  ± 5394 a 228 ± 15 a 381  ± 27 a 381  ± 16 a 111229  ± 9350 a 1088  ± 53 a 
HUV3 70525  ± 3772 a 258 ± 13 a 517  ± 23 a 433  ± 16 a 158116  ± 8633 a 1317  ± 38 a 
NUV3 63656  ± 7235 a 240 ± 15 a 430  ± 26 a 420  ± 25 a 155508  ± 20611 a 1240  ± 58 a 
HUV4 72554  ± 6300 a 255  ± 17 a 550  ± 24 a 448 ± 9 a 163343 ± 7308 a 1366 ± 38 a 
NUV4 67600 ± 6972 a 258 ± 13 a 443 ± 24 a 455 ± 17 a 171822 ± 14018 a 1291 ± 54 a 
HUV5 77521 ± 7894 a 272 ± 20 a 549 ± 29 a 434 ± 11 a 156008 ± 5913 a 1313 ± 37 a 
NUV5 86181 ± 11340 b 284 ± 18 a 501 ± 31 b 482 ± 25 a 187583 ± 24586 a 1376 ± 71 a 
HUV6 84260 ± 7829 a 289 ± 21 a 583 ± 25 a 451 ± 9 a 163822 ± 5903 a 1365 ± 39 a 
NUV6 107668 ± 22663 a 315 ± 26b 562 ± 60 b 498 ± 29 a 221125 ± 28226 a 1476 ± 105 a 
HUV7 87102 ± 11710 a 280 ± 19 a 590 ± 44 a 455 ± 18 a 184708 ± 17942 a 1388 ± 61 a 
NUV7 122776 ± 36212 a 323 ± 36 b 632 ± 117 b 536 ± 52 a 239482 ± 63800 a 1611 ± 189 a 
HUV8 104624 ± 8844 a 314 ± 10 a 660 ± 32 a 489 ± 16 a 211483 ± 15742 a 1502 ± 52 a 
NUV8 120270 ± 23376 a 339 ± 20 b 639 ± 81 b 540 ± 47 a 248033 ± 42806 a 1680 ± 161 a 
HUV9 98010 ± 8968 a 290 ± 13 a 668 ± 30 a 503 ± 15 a 203735 ± 13588 a 1596 ± 48 a 
NUV9 144416 ± 44313 a 391 ± 41 a 671 ± 75 b 543 ± 68 a 207374 ± 92792 a 1711 ± 205 a 
HUV10 109884 ± 9760 a 310 ± 20 a 741 ± 48 a 497 ± 18 a 208481 ± 15436 a 1620 ± 58 a 
NUV10 93092 ± 4503 a 312 ± 9 b 567 ± 17 b 499 ± 32 a 196893 ± 17256 a 1600 ± 43 a 
HUV11 128209 ± 9160 a 355 ± 24 a 789 ± 45 a 573 ± 12 a 271371 ± 12862 a 1807 ± 43 a 
NUV11 96193 ± 11422 a 291 ± 10 b 666 ± 65 b 550 ± 20 a 258804 ± 23089 a 1672 ± 44 a 
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Figure 6.1 Five different morphometric measurements 
expressed as percentages were plotted over time 
(biweekly measurements); (a) elygium area expressed as 
a percentage of the ocular diameter, (b) elygium area 
expressed as a percentage of the lens area, (c) elygium 
length expressed as a percentage of the lens diameter, 
(d) lens diameter expressed as a percentage of the ocular 
diameter and (e) elygium base length expressed as a 
percentage of the lens diameter. 

a b 

c d 

e 
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6.2 Additional observations 

Elygium shape 

One of the first obvious observations that could be made from the commencement of the experiment is that 

the elygium shape varies considerably. This variation was observed in all the exposure groups simultaneously 

and was consistent throughout the experiment. Some elygia were semi-circular, others had a small base and 

longer projection length, while others projected further across the pupil had a random shape entirely different 

to the rest (e.g. Figures 6.3a-c). The most common shape was an almost triangular elygium with a rounded tip 

(Figure 6.3b). 

Figure 6.2 A scatter plot of the elygium base length against the elygium area in the High UV and No 
UV exposure tanks which shows that at higher levels of UVB there is an increase in base length and a 
corresponding increase in area. 
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Early umbraculum development 

When the tadpole is turned slightly on its back, a small umbraculum can be distinguished as a bud beginning 

to develop somewhere between Gosner stage 25 and 26. The umbraculum bud is covered in golden 

iridiophores and is easily seen through the transparent cornea, directly beneath the elygium (Figure 6.3a). 

Ventral elygium 

While measuring the dorsal elygium and observing the 

development of the umbraculum bud, a ventral 

elygium was observed in most of the tadpoles (Figure 

6.4). In some tadpoles it was very inconspicuous, but 

nonetheless there was a small projection of 

melanophores at the outer ventral margin of the iris. 

This ventral elygium was also seen in the histological 

sections of the elygium. 

Tadpole development and survival 

Sixty tadpoles of similar lengths were divided among 

the three exposure tanks at the commencement of the 

experiment. At the end of the experiment Gosner 

stages varied from 28 to 34 and total length of 

tadpoles varied from 32.5–42.9 mm. Tadpoles in the High UV exposure tank had a 100% survival rate at day 

of termination of the experiment, Medium UV 85% and No UV had 15% survival rate (Figure 6.5a). 

Figure 6.3 Photos of three different elygia shapes. (a) A long narrow shaped elygium, also showing 
the small developing umbraculum underneath. (b) Triangular shaped. (c) Semi-circular shaped. 

c b a 

Figure 6.4 Photo of the ventral elygium with 
a black pigmented center and a few light-
reflecting iridophores on the margin. 
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Swimming irregularities 

On more than one occasion in the winter months when the tadpoles were collected for measurements they 

were swimming strangely in a way that resembled a wriggling earthworm. The tadpoles were swimming 

normally later that same day when temperature rose again. Tail anomalies were observed in tadpoles from the 

No UV tank after 14 weeks (Figure 6.5b). 

 

a b 

Figure 6.5 (a) Histogram illustrating the tadpole survival in the High UV, Medium UV, and No UV 
tanks, the latter having the highest mortality rate. (b) Photo of a tadpole tail from the No UV tank 
showing a development anomaly. 
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7Combined discussion and conclusion 

7.1. Research on the tadpoles and adults of the high altitude Drakensberg Mountain frog species 

Research published to date suggests that amphibian populations at higher altitudes and latitudes tend to: (a) 

have shorter activity periods, and hence shorter breeding seasons; (b) have longer larval periods; (c) are larger 

at all larval stages including metamorphosis; and (d) take a longer time to reach reproductive maturity 

(Morrison & Hero, 2003). These generalisations are directly reflected in the morphology of tadpoles in this 

study and behavioural literature of the high altitude Drakensberg frogs (Channing, 1979, 1998, 2001; 

Lambiris, 1988, 1989; Du Preez & Carruthers, 2009; Wager, 1965). On the other hand, there are few 

descriptive studies of the general morphology of high altitude tadpoles (Channing, 1998). 

7.2. Adaptations to the montane environment 

7.2.1. Presence of an elygium 

The most interesting morphological adaptation in the Drakensberg tadpoles is the presence of an elygium. 

The Drakensberg species for which an elygium has been documented include A. dracomontana (see 

Channing, 2001), A. umbraculata (see Du Preez & Carruthers, 2009), A. vertebralis (see Du Preez & 

Carruthers, 2009), and S. wageri (see Du Preez & Carruthers, 2009). The only two Drakensberg species 

without an elygium and/or an umbraculum are V. gariepensis and X. laevis. Elevated UVB intensities in the 

montane environment could have caused the development of an elygium, if, as has been speculated, the 

elygium (and umbraculum in adult A. umbraculata and A. vertebralis) function to shade the eye, preventing 

harmful UVB rays from damaging it (Van Dijk, 1966). The reason for the absence of an elygium in V. 

gariepensis and X. laevis is not clear. Xenopus laevis occurs throughout most of South Africa and is not 

restricted to high altitude sites. In fact, most of its distribution is below 1800 m altitude. Vandijkophrynus 

gariepensis nubicola on the other hand is restricted to high altitude sites, but the tadpole has the advantage of 

rapid development and adults shelter during the day, thus limiting their exposure to UVB. It appears therefore 

that the presence of an elygium is not merely an adaptation to high altitude, but the result of a more complex 

evolutionary process involving topographical distribution and amphibian biology and behaviour. This means 

that high altitude tadpoles may not need an elygium to protect them from increased levels of UVB radiation if 

they are able to protect themselves in other ways. Studies on the behaviour of the species occurring at high 
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altitudes might shed some light on the reason for the presence or absence of an elygium. Another species that 

possesses an umbraculum includes Hyperolius horstockii (Ewer, 1952).  

7.2.2. Pigmentation for camouflage 

Studies on the functional significance of the pigmentation of species occurring at high altitudes, suggest that 

the darker pigmentation of tadpoles is a morphological adaptation (Altig & Channing, 1993). Tadpoles of 

Rana temporaria have an increased number of black markings and spots on the back (Nöllert & Nöllert, 

1992) as does the American mountain frog, Rana cascadae (Behler & King, 1979). More examples of high 

altitude tadpoles that are darkly pigmented can be found in the Neotropics and Madagascar (Lötters, 1996; 

Blommers-Schlösser, 1979; Glaw & Vences, 1994). It has been suggested that this is an adaptation to the 

cold climate and/or the high ultra-violet radiation (Altig & Channing, 1993; Vences et al., 1997). 

All tadpoles that were described in this study are darkly pigmented, ranging from black to dark brown 

to brown with dark markings. Another possible function of the dark colouration is predator avoidance 

through crypsis. 

7.2.3. Body plan and tail musculature 

Body and tail 

Tadpoles of the same species living in stagnant versus flowing water differ in shape (Jennings & Scott, 1993; 

Van Dijk, 1966). Larvae in streams are often depressed and elongate in body form, with strong axial 

musculature, ventral mouths and long tooth rows (Orton, 1953; Altig & Johnston, 1989).  

Conspecific differences in tadpoles studied by Van Dijk (1966) and Jennings & Scott (1993) included 

differences in degree of development of abdominal musculature, pigmentation, and shape. These tadpoles 

occurred in stagnant and flowing water. 

Oral disc variation 

Oral disc size and configuration enhance attachment to substrates (Altig & Brodie, 1972; Gradwell, 1971; 

Gradwell 1975). Intraspecific variation was large in all habitat types and extensive studies on the oral disc 

phenotypic plasticity would be necessary to explain variation. 
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7.2.4. Adaptations to high altitude montane environments 

The elygium is the only tadpole morphological adaptation in tadpoles that appears to have a selected 

advantage for the tadpoles at high altitudes. The ability to blend in with the environment is an adaptation 

irrespective of altitude. The same applies to the body shape adaptations where the muscular streamlined 

tadpoles show adaptations to survive in fast flowing waters. Even when I state that the elygium occurs in all 

but two high altitude species, the hypothesis of an elygium as an adaptation to high altitude remains no more 

than a theory. The distribution of species such as S. grayii stretches from the summit of the Drakensberg 

Mountains to sea level and the tadpoles at sea level also have an elygium. One could argue that there is a 

selective advantage to having an umbraculum at sea level as is the case in V. angusticeps, S. grayii and H. 

horstockii. The fact that Hyperolius horstockii has a habit of perching fully exposed in sunlight on arum lilies 

(Rose, 1950) has been suggested as a reason for the presence of an elygium in this species which lives at sea 

level (Ewer, 1952). However, this argument does not hold as it does not apply to other Reed Frog species. 

Rose (1950) noted that he found these frogs comfortably moist perching in the glaring sun and that frogs 

would feed on insects passing by while sitting in the arum lily. This however needs confirmation but one can 

argue that an umbraculum would be of value to a daytime feeder, even at sea level .The function of the 

elygium in tadpoles and the umbraculum in adult frogs is still not well understood and needs to be studied in 

depth. Although this dissertation focussed on morphological adaptations only, there are most likely several 

physiological adaptations allowing tadpoles to survive in the near alpine climate of the Drakensberg 

Mountains.  

7.3. Elygium histological study 

The present study confirmed that the umbraculum is a projection of the dorsal pupillary margin extending 

over the pupil and that the elygium is a hemispherical area of melanophores located in the dorsal cornea (see 

Ewer, 1952 and McDiarmid & Altig, 1999).  The cellular location of the elygium was revealed through 

histological and cellular ultrastructure studies and we can now give a new amended definition to the ocular 

elygium: the elygium is an area of melanophores situated between the stroma and the corneal endothelium, 

forming a hemispherical shape above the eye. This elygium is easily seen in the tadpole’s eye. The epidermal 

elygium which Van Dijk (1966) refers to, comprises of melanophores arising from the head epidermis and is 

generally an inconspicuous hemisphere above the eye. Because of the numerous pigment containing cells 

(melanophores and iridophores) they possess it would appear that that both the elygium and umbraculum 

have a light absorbing or shading function. The elygium is positioned in such a way to protect the retina when 

light shines directly from above when eyes are dorsolaterally orientated.  



78 

 

Amietia umbraculata and A. vertebralis are both aquatic species and have a habit of floating in the water with 

their legs extended, noses and eyes protruding above the surface, and bask or lie in wait for passing insects 

under captive conditions (Gadow, 1901). It is not known whether this habit is also displayed in the wild. 

Frogs subjected to prolonged direct exposure of eyes to sunlight would benefit greatly from the protection 

provided by an umbraculum. 

Ewer (1952) proposed that the specialization of the dorsal pupillary nodule to form an umbraculum might be 

expected to occur in any conditions which involve sporadic exposures to bright light of an eye which is 

primarily adapted to vision in dim light. The occurrence of an elygium in species living at sea level supports 

this speculation. This phenomenon also fits Ewer’s suggestion that the specialized pupillary nodule may 

occur from time to time between species because dorsal and ventral pupillary nodules are common in 

anurans. 

7.4. Elygium experiment 

This empirical study on the functional significance of the elygium is the first of its kind. Ewer (1952) 

conducted some empirical studies and histology on the eyes of A. umbraculata, where she correlated the 

pupillary index in light and darkness adaptation and described the cellular structure of the umbraculum. 

Further literature on the morphology, selective value or physiology of these structures was lacking. 

McDiarmid & Altig (1999) made observations on pigmented corneas of some unidentified hylid tadpoles, 

which they recognised as some form of epidermal elygium. Wassersug et al. (1981) distinguished comparable 

pigmented corneas in Theloderma carinensis. McDiarmid & Altig (1999) have made similar observations on 

a number of other taxa including Bufo, Hyla, Mantidactylus, Pseudacris and Rana. They also note that this 

pigmented zone is only visible with bright illumination and magnification of live specimens.  

This experiment showed that tadpoles seem to invest more in wider elygia than in longer elygia or 

elygia with a larger area. This makes sense if light comes from directly above, since it would shade the pupil 

more effectively when a larger part of the width of the eye is covered, rather than a longer elygium.  

The observed differences in the shape of the elygium together with the difference in development with 

altering exposures in UV intensity are indicative of high phenotypic plasticity of this structure. Raising 

tadpoles in total darkness could reveal interesting results in future studies. 

Records of a ventral elygium in anuran larvae are not known. The ventral elygium occurred 

consistently in all tadpoles but varied considerably in size. This was only an additional observation and was 

beyond the scope of the study. This experiment could be repeated to include the ventral elygium in the 

measurements. 
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It was observed that the umbraculum starts to develop between Gosner stages 25 and 26. Although 

Ewer (1952) made some notes on the structure and possible evolutionary origin of the umbraculum, she did 

not record an umbraculum in tadpoles of either A. umbraculata or A. vertebralis. 

A repetition of this experiment with other taxa having an elygium could reveal differences in 

development of the epidermal elygium of other species, especially in the tadpoles of A. umbraculata which 

also have an umbraculum. Further studies in the size of the umbraculum in tadpoles that metamorphose in 

continues elevated UV levels could confirm the protective function of the umbraculum. Histological studies 

on melanosome density in the high UV exposure and no UV exposure tanks could also reveal further 

differences. 

7.5. Resolving the controversy between A. umbraculata and A. vertebralis 

A considerable variation and overlapping of morphometric characters was noted within both species. Several 

papers commented on this high degree of variation (Van Dijk, 1966, 1990; Lambiris, 1987, 1989; Wager, 

1965). This complicates identification and leads to incorrect identification of tadpoles of these two tadpole 

species. The tadpole that was assigned to Strongylopus hymenopus was described as having typical 

Strongylopus jaw sheaths that are deeply pigmented to the base (Lambiris, 1987). These early descriptions of 

A. vertebralis tadpoles were possibly based on Strongylopus grayii which share the same habitat and 

distribution as A. umbraculata and A. vertebralis. 

 The tooth row formula of A. vertebralis was found to be highly variable. One distinct difference 

found is the fact that tadpoles of A. vertebralis never had less than five lower labial tooth rows (two divided, 

three undivided), but they may have more. In comparison the tadpole of A. umbraculata has four lower labial 

tooth rows (two divided, two undivided) and we observed no variation. 

Furthermore, the dorsal fin of A. umbraculata is more convex than the relatively parallel fin of A. 

vertebralis. We used this difference to quantify the rounding of the tail as illustrated in the results. This 

algorithm is included in the key given below and described fully in the materials and methods. The dorsal fin 

of A. vertebralis is more or less parallel and therefore reaches its highest point sooner. The dorsal fin of A. 

umbraculata is initially absent and gradually starts sloping with a convex curve, tapering to a more or less 

blunt point. In A. vertebralis however, the dorsal fin averages of 0.4 mm at the tail base and abruptly rises at 

about the first third of the tail and from there tapers gradually to a blunt tip. 

A further significant difference is the size of the tadpole relative to its Gosner stage. The tadpoles of A. 

umbraculata are much larger at any given developmental stage than the tadpoles of A. vertebralis. 

Unfortunately, this characteristic cannot be used reliably in the identification key, because constant 

fluctuating weather conditions in the montane environment causes changes in growth rate. However, A. 
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umbraculata has a longer tail and its body length to total length ratio show a 15% (±7.8 STD) difference to 

that of A. vertebralis.  

The mottling on the tail musculature of A. umbraculata is more conspicuous than that of A. vertebralis. 

This can be observed clearly in both live and fixed tadpoles (Figure 4.8). 

The distribution of A. vertebralis is more restricted than that of A. umbraculata, occurring North and 

northeast of Lesotho, not reaching as far South as Sani Pass. Amietia umbraculata occurs further South, East 

and in central Lesotho. Geographic distribution can therefore be used as a second distinguishing characteristic 

where the species do not overlap. 

7.6. Key to identifying Amietia umbraculata and Amietia vertebralis 

Four labial tooth rows in lower jaw, adoral row spaced further away from other posterior rows; extensive 

mottling on tail musculature; anterior dorsal fin absent and progressively increases to about 50% of the tail 

length and gradually tapers down to an almost blunt tip; tail about 1.9 times body length 

.................................................................................................................................. Amietia umbraculata 

Five or more labial tooth rows in lower jaw, adoral row spaced further away from other posterior rows; 

limited mottling on tail musculature; anterior dorsal fin very low, rising rapidly with a steep slope up to about 

40% of the tail length then slowly tapers down to a blunt tip; tail about 1.5 times body length 

…………..................................................................................................................... Amietia vertebralis 

7.7. Conclusion 

This study conclusively demonstrated that anuran larvae are an adaptive phase of a frog’s complex life cycle. 

Tadpoles are constantly changing to increase survival rate and therefore difficulties may arise when assigning 

tadpoles to a species when sufficient quantitative and qualitative studies on variation is lacking. Tadpoles 

living in environments where conditions frequently vary may be more plastic than tadpoles living in a 

relatively constant environmental niche.  

The following specific comments can be made regarding the aims and hypotheses of this study: 

Aim 1: Make detailed morphological descriptions of the tadpoles of the six frog species occurring in the high 

altitude region of the Drakensberg Mountain 

Detailed morphological descriptions of the high altitude species of the Drakensberg showed similarities in the 

Amietia taxon. The extensive descriptions of the tadpoles can now be used to construct a reliable key, or fill 

the gaps in the existing keys for the Drakensberg Mountain tadpoles. The identification key constructed to 

successfully distinguish A. umbraculata from A. vertebralis revealed four usable distinctive characters. These 
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include 1) the degree of mottling on the tail musculature, 2) the shape of the dorsal tail fin, 3) the body length 

to total length ratio and 4) the lower jaw labial tooth row formula. Tadpoles of A. umbraculata have more 

pronounced mottling with prominent lateral bands than those of A. vertebralis, which becomes particularly 

distinct in fixed specimens. The dorsal fin of A. umbraculata originates further down the tail shaft, whereas 

that of A. vertebralis starts off as a low ridge before rising sharply. The tail of A. vertebralis is about 1.5 

times the body length whereas the tail of A. umbraculata is about 1.9 times the body length. The lower jaw 

labial tooth row formula of A. umbraculata is 4(1–2) and does not vary whereas that of A. vertebralis varies 

from 5(1–2) to 6(1–3), which makes the tooth row formula an unambiguous character for separating these 

species. 

Aim 2: Describe the morphological variations among the Drakensberg Mountain tadpoles 

Phenotypic plasticity in anuran larvae is very common (Lind and Johansson, 2009; Relyea, 2002a; Steiner & 

Van Buskirk, 2008, 2009; Van Buskirk & Steiner, 2009; Van Buskirk & Saxer, 2001; Van Buskirk, 2000, 

2002a, 2002b, 2009a, 2009b). When tadpoles are exposed to different environmental conditions such as 

flowing streams vs. stagnant pools, predator rich vs. limited predator infested environment, and cold vs. 

warmer water temperature, they are apt to change their morphology to increase their survival chances. This 

was also reflected in the variation for each tadpole species described in this study. 

Aim 3: Understand the cell structure of the elygium and developing umbraculum 

What we can confirm is that the umbraculum is a projection of the dorsal pupillary margin extending over the 

pupil and that the elygium is a hemispherical area of melanophores present in the dorsal cornea (Ewer, 1952; 

McDiarmid & Altig, 1999).  The cellular location of the elygium was revealed through histological and 

cellular ultra structure studies and we can now give a new amended definition to the epidermal elygium: the 

elygium is an area of melanophores situated between the stroma and the corneal endothelium, forming a 

hemispherical shape above the eye. From the description given above it can be deduced that both the elygium 

and umbraculum must have a light absorbing or shading function because of the numerous pigment 

containing cells (melanophores and iridophores) they possess. The elygium is positioned in a way to protect 

the retina by shading the pupil. 
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Appendix A 

Summary of descriptions of high altitude Drakensberg tadpole species 

Amietia dracomontana 

The frog was first described by Channing (1978) and a few authors contributed to this description 

(Dubois, 1992; Frost et al., 2006). No tadpole description was included. Lambiris (1989) noted the 

tadpole as unknown. Channing (2001) only stated that the tadpole possesses an umbraculum and the tooth 

row formula is 4(2-3)/3.  

The tadpole was well described by Du Preez & Carruthers (2009) and they also mention the elygium that 

is present. The tadpole has an oval body with a long, muscular tail and a shallow tail fin climbing 

gradually and reaching its deepest point shortly after the middle of the tail and ending with a pointed tip. 

It is brown with darker mottling. An elygium is present. The nostrils are small and oval, narrowly spaced. 

The spiracle is below the body axis, directed backwards at 40° upwards and is constricted at the end. The 

vent is median and dextral. The mouth is near-ventral with a single row of small rounded papillae above 

and below the mouth corner and a double row of papillae around mouth corners. Jaw sheaths are 

moderately pigmented. The labial tooth row formula is 4(2-4)/3. 

Amietia umbraculata 

The tadpole can be up to 50 mm long and has a flattened, streamlined body with a muscular tail. The 

dorsal fin is slightly mottled and begins very low, rising up only about one third of the distance along the 

tail. The tail fin remains fairly shallow and is parallel to ventral margin, ending in a rounded tip. It is a 

dark mottled brown above, pale below with a white underside. The eyes are dorsolaterally positioned and 

possess a prominent elygium on the iris. The nostrils are narrowly spaced with the inner margin elevated. 

The spiracle is below the body axis and is constricted. The vent is marginal and dextral. The mouth is 

ventral with a wide oral disc, acting as a sucker to ensure firm grip on rocks in fast-flowing mountain 

streams. There is a double row of papillae bordering the mouth laterally and behind. Jaw sheaths are 

moderately pigmented but narrow. The labial tooth row formula is 5(3-5)/4 to 10 (3-10)/4 (Du Preez & 

Carruthers, 2009). 

There was confusion with the tadpole identification of this frog and that of Amietia vertebralis. Studies 

have been carried out to resolve identification of these tadpoles. Wager (1965), Hewitt (1927), Channing 

(2001) and Van Dijk (1966) described tadpoles from either of these species to the best of their ability but 

without the luxury of molecular tools. 
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Amietia vertebralis 

Tadpole length is up to 55 mm (Du Preez & Carruthers, 2009). The body is oval and plump with a robust 

tail. The anterior fifth of the dorsal fin is rather shallow with a rounded tip. Body and tail are brownish-

grey with dark blotches and a whitish underside. Fins are finely stippled with the tip often darker. Eyes 

are dorsolaterally positioned and posses a small elygium. Nostrils are narrowly spaced. Spiracle is large, 

round and upwardly directed (Lambiris, 1988) and located just below body axis with a constricted 

opening. The vent is marginal and dextral. Mouth is ventral with a double row of papillae below, three to 

four rows at mouth corner and a single row above. Jaw sheaths are moderately pigmented. The labial 

tooth row formula is 4(2-4)/3 or 4(2-4)/3(1-2). 

Strongylopus grayii 

The tadpole is up to 50 mm long with an oval shaped, plump body (Du Preez & Carruthers, 2009). Tail 

tapers to a blunt tip (often blackish) with the fin not much deeper than the body. The colour is greyish-

brown above and the fins are mottled grey and the underside of the body is white. The eyes are 

dorsolateral. Nostrils are small and widely spaced, slightly closer to eyes than snout. Spiracle:  located 

below body axis and terminates in a short tube. Vent is marginal and dextral. The mouth has a double row 

of papillae below; three to four rows at mouth corner; single row above. The jaw sheaths are pigmented to 

the base. The labial tooth row formula is 4(2-4)/3(1). 

Strongylopus wageri 

The body is oval, elongated and plump with a muscular tail (Du Preez & Carruthers, 2009). The tail fin is 

shallow anteriorly, reaching highest point about one third of the distance from body then gradually 

descending to a blunt point. The total body length is 55 mm and varies in colour from brown to dark 

brown with a silvery white underside, the dorsal fin and posterior half of lower fin with faint reticulation, 

the posterior end of the tail characteristically dark. The eyes are large and dorsoventrally positioned with 

an elygium present above the eye. Nostrils are small and narrowly spaced with the nostril rim elevated. 

Nostrils are four times smaller than the lens of the eye. Spiracle is well below body axis. Vent is marginal 

and dextral. Mouth is near-ventral with three rows of papillae. Jaw sheaths are moderately pigmented, and 

the labial tooth row formula is 4(2-4)3. 

Vandijkophrynus gariepensis 

The tadpole has a plump body with the fins straight and parallel ending bluntly at the tip (Du Preez & 

Carruthers, 2009). The colour is blackish brown and the tadpole is 23 mm in length. The labial tooth row 

formula is typical of the bufonids, 2(2)/3. The oral disc has a single row of papillae on the sides only, 

with gaps above and below. The beak is relatively wide, slender and moderately curved. 
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Xenopus laevis 

The total body length is up to 80 mm at stage 38 (Lambiris, 1988). It is semi-transparent with widely 

spaced melanophores dorsally, a clear pale band on each side of head, running backwards from eye. The 

throat has no pigmentation. The tadpole resembles a small catfish in appearance with sensory tentacles. 

The tail is long and terminates in an acute tip (Du Preez & Carruthers, 2009). The eyes are laterally 

positioned. Nostrils are small, narrowly spaced and close to the tip of snout with pigmentation on the 

anterior, medial and posterior margins. It has two spiracles midventrally. Keratinised mouthparts are 

absent. 
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Appendix B 
Morphological descriptions of Amietia vertebralis and A. umbraculata tadpoles 

Kruger, D., Weldon, C. & Du Preez, L.H. 
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Abstract 

Morphological similarities between the tadpoles of Amietia umbraculata and A. vertebralis has led to 

confusion and the reporting of incorrect descriptions and identification in the literature. Until recently A. 

vertebralis was known as Strongylopus hymenopus and its tadpole was described as having typical 

Strongylopus jaw sheaths that are deeply pigmented to the base. Tadpoles of A. umbraculata and A. 

vertebralis show considerable overlap in labial tooth row formulae and tail fin shape which added to the 

confusion. We revised the morphological characteristics of the two species by examining a combination 

of 33 body measurements, oral arrangement and colour patterns. Specimens were obtained from museum 

collections and collected at Mont-Aux Sources and Sani Pass in the Drakensberg mountains. Tadpole 

identification was verified through DNA barcoding. A combination of four characteristics was shown to 

be informative and consistent in telling the tadpoles apart. These include the degree of mottling on the tail 

musculature, the shape of the dorsal tail fin, the body length – total length ratio and the lower jaw labial 

tooth row formula.  

Key words: Amietia, description, key, morphology, tadpole 
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Introduction 

Twenty five frog species are associated with the KwaZulu-Natal Drakensberg Mountains. High altitude 

species include Amietia dracomontana, A. umbraculata, A. vertebralis, Strongylopus grayii, S. wageri, 

Vandijkophrynus gariepensis nubicolus and Xenopus laevis (Lambiris 1988). The taxonomy of A. 

umbraculata and A. vertebralis has been controversial for many decades and was recently been revised by 

Tarrant et al. (2008). Amietia umbraculata was formerly known as A. vertebralis and the current A. 

vertebralis was known as Strongylopus hymenopus. Amietia umbraculata is a large frog of dark-brown 

dorsal appearance. They can be found in cold mountain streams and rivers at altitudes of 1 750 m and 

higher in Afromontane grassland in the Drakensberg. They are predominantly aquatic and can survive 

beneath ice sheets that periodically cover rivers in winter (Du Preez & Carruthers 2009). Amietia 

vertebralis on the other hand is a small to medium sized frog that is found in seepage areas along rock 

banks of gently flowing streams. Amietia umbraculata has a wider distribution than A. vertebralis and 

their distributions overlap in north-easterly Lesotho. 

Descriptive studies of the Drakensberg tadpoles have been conducted by Wager (1965), Van Dijk (1966), 

Lambiris (1987; 1988; 1989) and Channing (2001). However, a considerable amount of confusion 

remained especially concerning identification of the tadpoles in the Drakensberg and Lesotho highlands. 

This is mainly due to what we believe to be misidentified tadpoles, lack of verification of tadpole identity, 

limited interspecies variation and considerable intraspecies variation. 

Amietia vertebralis tadpoles were described in studies conducted by Hewitt (1927). Hewitt laid emphasis 

on the broad oral disc width, the additional inconspicuous adoral tooth row, the tail fin and the labial 

tooth row formula that separated it from other ranid relatives. There was however much variation in labial 

tooth row formulae in the relatively small sample Hewitt studied. One of the tadpoles had as many as 

eight upper tooth rows. 

Wager (1965) briefly described tadpoles that he referred to as Rana vertebralis Hewitt, 1927 and Rana 

hymenopus Boulenger, 1920 and reasoned that the tadpoles had been found in close proximity to the 

adults of that form, but he did not succeed in rearing some tadpoles through metamorphosis. Wager could 

not confirm these tadpole identifications, but assigned different labial tooth row formulae to each of the 

two species, with Rana hymenopus having less upper tooth rows (only three) and one continuous upper 

row, where as R. vertebralis had up to five upper tooth rows with two being continuous. The confusion is 

demonstrated by Hewitt’s description of one continuous and as many as seven divided tooth rows above 

and 4 below in R. vertebralis (Hewitt 1927). 

In his key of described Southern African tadpoles, Van Dijk (1966) distinguished between A. 

umbraculata and A. vertebralis by means of their difference in labial tooth row formulae, position of the 

lower adoral row, spiracular characters, neuromast organs and black pigmentation on the posterior part of 

the tail. Tadpoles that were assigned to Strongylopus hymenopus had typical Strongylopus characteristics 

and were probably S. grayii, as they share the same habitat as A. vertebralis on the Drakensberg. Lambiris 
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(1989) remarked that the variation in labial tooth rows noted by Van Dijk might either be interspecific or 

intraspecific. Van Dijk included S. hymenopus (now Amietia vertebralis) in his keys but did not give a 

thorough description of the tadpole. 

Lambiris (1987) described the Strongylopus hymenopus tadpole from specimens collected at Crows Nest 

Peak situated at of 2 960 m a.s.l. Lambiris identified a subset of these tadpoles as R. vertebralis, but 

couldn’t identify the remainder because of inconsistencies between Wager’s description and illustrations 

and Van Dijk’s key. Lambiris preserved some of the tadpoles and kept the rest alive for rearing through to 

metamorphosis. He successfully raised the tadpoles to froglets and preserved some tadpoles in different 

developmental stages. He found that the froglets from the unidentified tadpoles couldn’t be distinguished 

from S. hymenopus that was recognised by Poynton (1964). Lambiris also re-examined the tadpoles in the 

Natal Museum that was labelled as R. hymenopus, which included Wager’s specimens. These tadpoles 

could be divided into two groups: (1) tadpoles that were identical to those Wager described; and (2) the 

tadpoles that Lambiris reared and referred to as S. hymenopus based on post-metamorphic characteristics. 

He also noted the large variation that existed in the tooth row formulae. 

Channing (2001) also described the tadpoles of A. umbraculata and A. vertebralis. He distinguished the 

two species mainly by their labial tooth row formulae, A. umbraculata having a formula of 7(3–7)/4 and 

A. vertebralis having a varying formula of 3(2–3)/3 or 3(2–3)/3(1–2). Du Preez & Carruthers (2009) used 

the dorsal fin that is anteriorly either absent or very low as well as the position of the spiracle to separate 

the two species. They noted the position of the spiracle in A. umbraculata as well below lateral body axis 

and in the case of A. vertebralis as below. The aim of this study was to describe the species and the 

variations that may occur within and between them in order to develop an accurate identification key.  

Material and Methods 

Tadpoles were collected at Upper Sani (29.581389S, 29.288806E) and two localities from the Mont-Aux 

Sources plateau in the Bilanjil River tributaries (28.760611S, 28.899417E & 28.751889S, 28.870500E). 

Tadpoles were euthanized in the field using MS222 (tricaine methane sulphonate) and the majority were 

fixed in 5% Neutral Buffered Formalin. One batch of tadpoles was fixed in 70% ethanol, while a few 

tadpoles were kept alive for tissue sampling for molecular studies. The tissue samples from tadpoles were 

taken and preserved in 96% ethanol for molecular analyses. Tissue samples were taken in such a manner 

not to jeopardize any body measurements. All of these tadpoles were given an AACRG (African 

Amphibian Conservation Research Group) accession number. A loan of the A. umbraculata type material 

collected by Hewitt was obtained from Bayworld (Port Elizabeth Museum) and seven tadpoles were 

obtained from the South African Institute for Aquatic Biodiversity (SAIAB), Grahamstown. Accession 

numbers of these are given below. 

Morphometrics 

Developmental stages assigned are based on Gosner (1960). Morphological terminology follows 

McDiarmid & Altig (1999). Oral apparatus position, jaw sheath pigmentation, eye position, nostril 
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position, spiracle position and vent position terminology follows Anstis (2002). Labial tooth row 

formulae are given according to McDiarmid & Altig (1999). Anterior (upper) labial tooth rows are 

labelled A1–A7, and posterior (lower) labial tooth rows P1–P5. Measurements of the total length, body 

and tail were taken using a teflon dial vernier calliper (accurate to 0.1 mm). The remainder of the 

morphometric measurements were taken using a Nikon SMZ1500 stereo microscope fitted with a 

dedicated Nikon DXM1200 digital camera and connected to a personal computer with Nikon NIS 

Elements software. 

A logarithm was designed to quantify the rounding of the tail tip, which is used as one of the key features 

to tell the tadpoles apart. The tail was measured and points allocated at 70% and 90% of the dorsal and 

ventral tail fin. Lines were drawn through the two dorsal and the two ventral points. The distance was 

measured from the tail tip to the point where the lines crossed. This distance were expressed as a 

percentage of the tail length and indicated how steep the tail fin tapered to its tip. This technique was only 

performed on specimens that had an intact tail fin. 

Abbreviations used in the descriptions include: TL, total length (distance from the tip of the snout to the 

tip of the tail, which is the sum of the body length and tail length); BL, total body length (distance from 

the tip of the snout to the body-tail junction, taken from where the hind limbs emerge); BW, maximum 

body width at the widest point; BH, maximum body height; TAL, tail length; ATS, anterior tail shaft 

height; DTS, deepest tail shaft height, measured at the point where the anterior fin is deepest; ADF, 

anterior dorsal fin height; DDF, deepest dorsal fin height; DVF, deepest ventral fin height; MTH, 

maximum tail height; TDP, tail deepest portion (expressed as percentage of tail where dorsal fin is 

deepest); SA, spiracle angle; OD, ocular diameter; LD, lens diameter; IOD, inter-orbital distance; EL-ST, 

distance from eye-line to snout tip; E-ST, distance from the eye to the snout tip; E-N, distance from eye to 

nostril; ND, nostril diameter; IND, inter-narial distance; N-ST, distance from nostril to snout tip; ODW, 

oral disc width; LTRF, labial tooth row formula (see Fig. 1). 

Averages were taken for two groups of Gosner development stages based on morphological variation that 

may be attributed to physiological differences (Hensley 1993). It was therefore decided to separate the 

tadpoles into Gosner 26–34 and Gosner 35–40. Significance tests were done using the Tukey HSD 

Unequal measurements test with 95% confidence. 

Amietia umbraculata 

Series examined. A total of thirty tadpoles were used for morphometric analysis. Thirteen tadpoles 

(AACRG accession numbers 1166–1170) were collected in a clear, slow-flowing stream at Sani Top, 

eastern Lesotho (29.581389S; 29.288806E at 2780 m a.s.l.). Four tadpoles (AACRG1171) were collected 

in a clear, slowly flowing stream from one of the Bilanjil tributaries at Mont-Aux Sources (28.760633S; 

28.899422E). Seven tadpoles were obtained from SAIAB (South African Institute of Aquatic 

Biodiversity) (accession numbers 87886; 87824; 87826; 87867; 87828) and six from the Port Elizabeth 

Museum (accession numbers T076; T070). 
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Taxonomic note. DNA sequencing was performed for four specimens (AACRG1171 and a 

representative tadpole from a batch, AD100123A). The DNA was matched with tissue from an adult 

specimen (AACRG1005). See Table 1 for GenBank accession numbers. The distribution of A. vertebralis 

does not overlap with that of A. umbraculata at Sani Pass. 

Amietia vertebralis 

Series examined. A total of thirty three tadpoles were used for morphometric analysis. Twenty tadpoles 

(AACRG accession lot number 1173) were collected in a marsh, 1 km South-West of the chain ladder at 

Mont-Aux Sources (28.751889S; 28.870511E, 3033 m a.s.l. The water was clear and stagnant. Ten 

tadpoles (AACRG1170, 1172, 1174) were collected in a clear, slow flowing Bilanjil tributary at Mont-

Aux Sources (28.760633S; 28.899422E, 2 966 m a.s.l.). Three tadpoles were obtained from the Port 

Elizabeth Museum (accession number T294). These included the specimens described by Hewitt (1927). 

Taxonomic note. Ten tissue samples from AACRG 1174 were sequenced and matched the DNA 

sequences (unpublished) from adult specimens belonging to A. vertebralis. One specimen was sequenced 

at the North-West University (see Table 1 for the Genbank Accession number). The known distribution of 

A. vertebralis does not extend as far as Sani Pass. Tadpoles collected at this site, once separated from 

other species, were tentatively identified as A. umbraculata.  

Molecular analysis 

To verify tadpole identification DNA sequencing was done for ten tadpoles of A. vertebralis and for four 

tadpoles of A. umbraculata and one of A. vertebralis at the North-West University. 

Tadpole tail tissue (preserved in 96% ethanol) was used for DNA isolation using the NucleoSpin Tissue 

Kit (Separations, US) following manufacturer instructions. DNA quality and quantity were determined 

using a 1% (w/v) agarose gel and NanoDrop Spectrophotometer ND-1000 (NanoDrop Technologies, Inc. 

USA) v3.5.2. Mitochondrial 16S gene fragments for both A. vertebralis (ten samples) and A. umbraculata 

(five samples) were amplified using primer pair 16Sar (5’-CGCCTGTTTATCAAAAACAT-3’) and 

16Sbr (5'-CCGGTCTGAACTCAGA TCACGT-3') (Palumbi et al. 1991). PCR reaction mixtures 

contained  1 X PCR master mix (4U/µl Taq DNA Polymerase (recombinant) in reaction buffer, 2mM 

MgCl2, 0.2mM of each dNTP; Fermentas Life Sciences, US); 0.3mM of each primer; 10-100ng DNA and 

PCR-grade water in a final reaction volume of 25µl. Cycling conditions were set at 95˚C for 90 seconds; 

34 cycles of 45 seconds of melting at 95˚C; 45 seconds of annealing at 55˚C; 90 seconds of extension at 

72˚C; followed by a 5 min final extension at 72˚C. PCR amplifications were confirmed on a 1.5% (w/v) 

agarose gel and subsequently purified using the NucleoSpin Extract II Kit (Separations, US) prior to 

sequencing. All sequencing reactions were performed with a Genetic Analyzer 3130 (Applied 

Biosystems, UK). 
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Results 

Amietia umbraculata (Fig. 2) 

Molecular analyses revealed a perfect match with tissue from adult A. umbraculata as well as sequences 

in Genbank. This confirmed the identity of tadpoles. 

Description. Based on one tadpole (AACRG 1165) in developmental stage 36. Specimen in an excellent 

state of preservation. BL 18.1 mm, TL 50.5 mm, for further measurements see Table 2. In dorsal view the 

body shape is ovoid. In lateral view body appears elongated and dorsoventrally depressed, BW 138% of 

BH, flattening towards blunt snout. Colouration pale brown with extensive dark brown mottling on the 

tail musculature, not visible in ventral view. In dorsal view broad bands are present on the tail 

musculature with bands becoming progressively narrower towards the tip of the tail.  Dorsal tail fin 

margin with small, brown mottling. Ventral fin unpigmented, except for a few inconspicuous 

chromatophores along the margin of the posterior 25%. Dorsal side of the body is darker brown than the 

tail, with scattered dark brown spots. No pigmentation visible ventrally, becoming transparent when 

fixated. Nostrils narrowly spaced, with small ridge positioned in the middle between the snout tip and the 

eyes. IND 71% of IOD. Eyes positioned dorsolaterally, are relatively large, OD 14% of BL, not 

protuberant, elygium present. Snout rounded in lateral and dorsal view. Spiracle below body axis, 

orientated posteriorly, visible in dorsal view. Spiracular opening constricted; inner wall attached to body. 

Intestinal spiral well visible in ventral view, not visible in dorsal view and partly visible in lateral view. 

Short, marginal vent tube, medial with right wall displaced dorsally. Tail musculature well-developed, 

ATS 73% of BH, gradually tapering from base to the relatively blunt tip. Tail fin higher than body, MTH 

108% of BD and DDF 34% of MTH. Dorsal fin starts very low, gradually rising to about half of tail 

length before tapering down again to form a convex shape. Ventral fin relatively straight. Oral disc large, 

ODW 24% of BL and 47% of BW, transversally elliptical, directed ventrally, not visible in dorsal view, 

but margins visible in lateral view. Large rostral gap in marginal papillae, all papillae with a rounded tip, 

double row below and 2–3 rows on the side above and below. LTRF 5(2–5)/4(1–2), with small gap in A2, 

with gap getting gradually larger to A5, tooth row length decreases from A2 to A5; large gap in adoral 

row (P1), resulting in a short tooth row, this tooth row is also markedly further away from the other 

posterior tooth rows, situated closer to the mouth corner. Small gap in P2; P3 and P4 are continuous. 

Beak moderately pigmented, upper jaw sheath almost M-shaped and lower jaw sheath V-shaped. Both 

jaws gently serrated, with three parts having different colourations: base not keratinised (unpigmented); 

medial part moderately keratinised (brown); edge well keratinised (black). 

Variation. The series examined consists of seven specimens in Gosner stages 25–34 and 23 specimens in 

stages 35–40. Table 3 shows the averages of the measurements of the series examined in each Gosner 

grouping with minimum and maximum values in brackets. Proportions vary as follows: 
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Gosner 25–34: BW 127–150% of BH, IND 49–70% of IOD, OD 12–15% of BL, ATS 59–72% of BH, 

ODW 41–53% of BW, MTH 92–112% of BH, DDF 29–38% of MTH. 

Gosner 35–40: BW 119–144% of BH, IND 42–79% of IOD, OD 11–15% of BL, ATS 59–76% of BH, 

ODW 29–51% of BW, MTH 94–125% of BH, DDF 31–42% of MTH. 

Tooth row formula variations are as follows: 5(2–5)/4(1–2); 6(2–6)/4(1–2). When jaw sheaths appeared 

unusually unpigmented, keratodont rows was also likely to have diminished, this was interpreted as the 

result of an amphibian fungal infection, chytridiomycosis. 

Amietia vertebralis (Fig. 3) 

Description. Description based on one tadpole (AACRG 1172) in developmental stage 36. Specimen in a 

good state of preservation (a small ventral part of tail excised for DNA analysis). BL 15.9 mm, TL 40.6 

mm, for further measurements see Table 2. Colouration dark brown with a few darker brown spots on the 

dorsal tail musculature, pigmentation extends to ventral view of musculature. Spots occur in scattered 

intervals, varying in size with no discernable pattern. Dark brown bands on the dorsal view of the tail, 

thinner bands in comparison to A. umbraculata. Tail fin evenly mottled dorsally, less pigmented 

ventrally. Body a brown colour dorsally, with scattered dark brown mottling. Some pigmentation visible 

ventrally but is dominantly white (which becomes translucent in fixative), with gold-coloured 

melanophores at the gular region. In dorsal view the body shape is ovoid to pear-shaped in some 

specimens. In lateral view body appears elongated and depressed, BW 134% of BH, flattening towards 

blunt snout. Nostrils narrowly spaced, not protuberant with small ridge, positioned relatively in the 

middle between the snout tip and the eyes. IND 56% of IOD. Eyes positioned dorsolaterally, are 

relatively large, OD 12% of BL, not protuberant, elygium present. Snout rounded in lateral and dorsal 

view. Spiracle is below body axis, orientated posteriorly, visible in dorsal view. Spiracular opening is 

constricted, inner wall attached to body. Intestinal spiral well visible in ventral view, not visible in dorsal 

view and partly visible in lateral view. Short, marginal vent tube, medial with right wall displaced 

dorsally. Tail musculature well-developed, ATS 59% of BH, gradually tapering from base to the bluntly 

rounded fin tip. Tail fin higher than body, MTH 104% of BD and DDF 31% of MTH. Dorsal fin starts 

very low initially at the base of the tail, getting higher almost rapidly to about 46% of the tail length, 

tapering down to a blunt point. Oral disc large, ODW 0.26 of BL and 0.55 of BW, transversally elliptical, 

directed ventrally, not visible in dorsal view, but margins visible in lateral view. Rostral gap in marginal 

papillae, two to five rows on the sides above and below and a double row below, all papillae with a 

rounded tip. LTRF 6(2–6)/5(1–2), with small gap in A2, getting gradually larger to A6, tooth row length 

decreases from A2 to A5; large gap in adoral row (P1), resulting in a short tooth row, small gap in P2; P3, 

P4 and P5 continuous. Beak moderately pigmented, upper jaw sheath almost M-shaped and lower jaw 

sheath V-shaped. Both jaws gently serrated, with three parts having different colourations: base not 

keratinised (unpigmented); medial part moderately keratinised (brown); edge well keratinised (black). 
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Variation. The series examined consists of 19 specimens in stages 25–34 and 14 specimens in stages 35–

40. Table 3 shows the averages of the measurement of the series examined in each Gosner grouping with 

minimum and maximum values in brackets. Proportions vary as follows: 

Gosner 25–34: BW 123–146% of BH, IND 52–70% of IOD, OD 9–13% of BL, ATS 49–65% of BH, 

ODW 41–77% of BW, MTH 100–117% of BH, DDF 23–33% of MTH. 

Gosner 35–40: BW 123–146% of BH, IND 42–57% of IOD, OD 10–13% of BL, ATS 52–65% of BH, 

ODW 48–57% of BW, MTH 93–117% of BH, DDF 25–33% of MTH.  

Tooth row formula variations are as follows: 6(2–6)/5(1–2); 7(2–7)/6(1–3); 5(2–5)/5(1–2). Just as in A. 

umbraculata, when jaw sheaths appeared unusually unpigmented, keratodont rows was also likely to have 

diminished, due to amphibian chytrid infection. 

Interspecies differences 

For comparison, selected measurements for both species were statistically compared and plotted against 

each other (Figs 4a-d). The following combinations showed no significance: eye line vs. snout tip; body 

length vs. total length; body width vs. body depth. 

We found that tadpoles of A. umbraculata had no anterior dorsal fin whereas A. vertebralis had an 

average ADF of 0.4 mm high (Table 3). In a plot of Gosner stage against total length we found that A. 

umbraculata tadpoles are generally larger than A. vertebralis at any given Gosner stage (Fig. 4a). We also 

found a significant difference (Tukey HSD, p<0.05) in the ratios of body length - tail length (Fig 4b). 

Amietia umbraculata has a longer tail than A. vertebralis. The body of A. umbraculata is 52% on average 

of the tail length and that of A. vertebralis is 66%. In Fig. 7c the difference in tail fin curvature was 

plotted to show the tail fin of A. umbraculata that is more rounded. 

In a plot of anterior tail shaft height to body length ratio against tail deepest portion to tail length ratio we 

found a larger variation of tail shaft height in A. umbraculata tadpoles and a larger variation in the tail 

deepest portion in A. vertebralis tadpoles. (Fig. 4d). Nonetheless, there is a significant difference (Tukey 

HSD, p<0.05) in tail shaft height and tail deepest portion in these two species. This also showed that the 

dorsal fin of A. umbraculata reached its maximum height after A. vertebralis with some overlapping in 

smaller tadpoles. Further, mottling in A. umbraculata is much more extensive on the tail musculature in 

both live and preserved specimens (Fig 5). 

Discussion 

A considerable variation and overlapping of morphometric data were noted within both species. Several 

papers commented on this high degree of variation (Van Dijk, 1966, 1990; Lambiris, 1987, 1989; Wager, 

1986). This complicates identification and makes any seasoned herpetologist prone to wrongly identify 

any of the two tadpole species. The tadpole that was assigned to Strongylopus hymenopus was described 

as having typical Strongylopus jaw sheaths that are deeply pigmented to the base (Lambiris, 1987). These 
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early descriptions of A. vertebralis tadpoles were probably Strongylopus grayii which share the same 

habitat. 

The tooth row formula of A. vertebralis was found to be highly variable. One distinct difference between 

the two species was that tadpoles of A. vertebralis never had less than five lower labial tooth rows (two 

divided, three undivided), but they may have more. In comparison the tadpole of A. umbraculata showed 

no variation in lower labial tooth rows and all had four rows (two divided, two undivided). 

Furthermore, the dorsal fin of A. umbraculata is more convex than the relatively parallel fin of A. 

vertebralis. We used this difference to quantify the rounding of the tail as illustrated in the results. This 

logarithm is included in the key given in this paper and described fully in the materials and methods. The 

dorsal fin of A. vertebralis is more or less parallel and therefore reaches its highest point sooner. The 

dorsal fin of A. umbraculata is initially absent and gradually starts sloping with a convex curve, tapering 

to a more or less blunt point. In A. vertebralis however, the dorsal fin averages in the range of 0.4 mm at 

the tail base and almost suddenly rises at about the first third of the tail and from there tapers gradually to 

a blunt tip. 

A further significant difference is the size of the tadpole relative to its Gosner stage. We found that the 

tadpoles of A. umbraculata are much larger at any given developmental stage than the tadpoles of A. 

vertebralis. Unfortunately, this characteristic cannot be used reliably in the identification key, because 

constant fluctuating weather conditions in the montane environment causes changes in growth rate. 

However, A. umbraculata has a longer tail and its body length to total length ratio has a 15% (±7.8 STD) 

difference to that of A. vertebralis.  

The mottling on the tail musculature of A. umbraculata is conspicuously more than that of A. vertebralis. 

This can be observed clearly in both live and fixed tadpoles (Fig. 5). 

The distribution of A. vertebralis is much more limited than that of A. umbraculata, occurring North and 

northeast of Lesotho, not going as far down as Sani Pass. Amietia umbraculata occurs further South, East 

and central Lesotho. Geographic distribution can therefore be used as a second distinguishing 

characteristic. 

Key to identifying Amietia umbraculata and Amietia vertebralis 

Four labial tooth rows in lower jaw, adoral row spaced further away from other posterior rows; extensive 

mottling on tail musculature; anterior dorsal fin absent and progressively increase to about 50% of the tail 

length and gradually tapers down to an almost blunt tip; tail rounding lower than 30%*, tail about 1.9 

times body length..........................................................................................................Amietia umbraculata 

Five or more labial tooth rows in lower jaw, adoral row spaced further away from other posterior rows; 

limited mottling on tail musculature; anterior dorsal fin very low, rising rapidly with a steep slope up to 

about 40% of the tail length then slowly tapers down to a blunt tip; tail rounding higher than 35%*, tail 

about 1.5 times body length………….............................................................................Amietia vertebralis 
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* Measure the tail, allocate points at 70% and 90% of the dorsal and ventral tail and connect the upper 

and lower points respectively. Measure the distance from where the two lines cross and express it as 

percentage of the tail length. 
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Table 1. List of specimens used for DNA sequencing. 

Taxon Specimen No. 

Genbank 

Accession 

No. 

Location Coordinates 

Amietia umbraculata AACRG1005  HQ203038 Sani Pass, Lesotho 29.581389S; 

29.288806E  

Amietia umbraculata AACRG1182  HQ203039 Mont-Aux Sources, 

South Africa 

28.759781 S, 

28.898839 E 

Amietia umbraculata AACRG1171  HQ203040 Mont-Aux Sources, 

South Africa 

28.759781 S, 

28.898839 E 

Amietia umbraculata AACRG1171  HQ203041 Mont-Aux Sources, 

South Africa 

28.759781 S, 

28.898839 E 

Amietia umbraculata AACRG1171  HQ203042 Mont-Aux Sources, 

South Africa 

28.759781 S, 

28.898839 E 

Amietia vertebralis AD090617B31  HQ203043 Mont-Aux Sources, 

South Africa 

28.759781 S, 

28.898839 E 
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 Table 2. Measurements and morphological data of A. umbraculata and A. 

vertebralis. For abbreviations, see Materials and Methods. Developmental stage 

36 have been chosen. 

Species A. umbraculata A. vertebralis 

Accession number AACRG1165 AACRG1172 

Gosner stage 36 36 

TL (mm) 50.5 40.6 

BL (mm) 18.1 15.9 

BW (mm) 9.1 7.5 

BH (mm) 6.6 5.6 

TAL (mm) 32.4 24.7 

ATS (mm) 4.8 3.3 

DTS (mm) 3.9 2.8 

ADF (mm) 0.0 0.4 

DDF (mm) 2.1 1.7 

DVF (mm) 0.1 0.9 

TDP (%) 50 46 

SA (degrees) 42 43 

OD (mm) 2.5 1.9 

LD (mm) 0.8 0.5 

IOD (mm) 2.8 3.2 

EL-ST (mm) 4.1 3.4 

E-ST (mm) 4.6 3.8 

E-N (mm) 2.1 1.7 

ND (mm) 0.4 0.3 

IND (mm) 2.0 1.8 

N-ST (mm) 1.9 1.7 

ODW (mm) 4.3 4.1 

LTRF 5(2-5)/4(1-2) 6(2-6)/5(1-2) 
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Table 3. Measurements and morphological data of A. umbraculata and A. vertebralis to indicate 

variation. For abbreviations, see Materials and Methods. All the measurements are averages of the 

indicated Gosner stages, with the minimum and maximum values in brackets. 

  Amietia umbraculata Amietia vertebralis 

  Gosner 25–34 Gosner 35–40 Gosner 25–34 Gosner 35–40 

TL (mm) 50.6 (45.1; 55.5) 56.9 (47.6; 76.6) 32.5 (26.5; 43.4) 44.5 (40.2; 56.9) 

BL (mm) 18.1 (16.0; 19.9) 20.8 (17.2; 27.7) 13.2 (10.7; 15.8) 17.1 (15.4; 22.0) 

BW (mm) 9.5 (8.5; 10.5) 11.2 (9.1; 15.0) 6.5 (5.3; 7.8) 8.4 (7.4; 10.8) 

BH (mm) 6.8 (5.9; 7.4) 8.3 (6.6; 10.4) 4.9 (4.1; 6.3) 5.8 (2.1; 8.9) 

TAL (mm) 32.5 (29.1; 35.6) 36.1 (30.4; 48.9) 19.4 (15.8; 27.6) 27.5 (24.3; 34.9) 

ATS (mm) 4.4 (3.9; 5.0) 5.7 (4.8; 6.7) 2.8 (2.1; 3.9) 3.6 (3.1; 5.1) 

DTS (mm) 3.2 (3.0; 3.5) 4.0 (2.8; 4.7) 2.4 (1.7; 3.1) 3.2 (2.4; 4.6) 

ADF (mm) 0.0 (0.0; 0.0) 0.0 (0.0; 0.0) 0.4 (0.2; 0.5) 0.4 (0.0; 0.5) 

DDF (mm) 2.4 (1.9; 2.8) 2.7 (2.1; 4.0) 1.3 (1.0; 1.6) 1.7 (1.4; 2.0) 

DVF (mm) 1.1 (0.8; 1.3) 0.9 (0.1; 1.8) 0.9 (0.5; 3.1) 1.0 (0.5; 1.3) 

TDP (%) 48 (42; 53) 56 (50; 60) 36 (28; 45) 42 (33; 48) 

SA (degrees) 56 (42; 70) 43 (40; 45) 41 (30; 55) 41 (37; 55) 

OD (mm) 2.3 (2.2; 2.5) 2.7 (2.2; 3.5) 1.5 (1.2; 2.2) 2.0 (1.8; 2.4) 

LD (mm) 0.6 (0.6; 0.7) 0.8 (0.7; 0.9) 0.5 (0.4; 0.8) 0.6 (0.5; 0.8) 

IOD (mm) 3.4 (3.0; 4.0) 3.9 (2.8; 5.7) 2.7 (2.1; 3.5) 3.5 (3.0; 4.4) 

EL-ST (mm) 3.4 (3.0; 3.6) 4.1 (3.8; 4.2) 3.0 (2.4; 3.7) 3.9 (3.3; 5.6) 

E-ST (mm) 4.0 (3.7; 4.2) 4.8 (4.3; 5.3) 3.4 (2.8; 4.1) 4.4 (3.8; 6.1) 

E-N (mm) 1.9 (1.7; 2.1) 2.3 (1.9; 2.7) 1.4 (1.1; 1.8) 1.9 (1.6; 2.4) 

ND (mm) 0.3 (0.3; 0.4) 0.4 (0.3; 0.6) 0.3 (0.2; 0.5) 0.4 (0.3; 0.5) 

IND (mm) 2.1 (1.9; 2.2) 2.1 (1.9; 2.4) 1.6 (1.3; 2.4) 1.7 (1.6; 1.9) 

N-ST (mm) 1.7 (1.4; 2.0) 2.0 (1.8; 2.5) 1.7 (1.2; 3.1) 2.0 (1.5; 3.1) 

ODW (mm) 4.0 (3.7; 4.3) 4.9 (4.2; 6.2) 3.2 (2.4; 4.1) 4.4 (4.0; 5.3) 

LTRF 5(2–5)/4(1–2); 6(2–6)/4(1–2) 
6(2–6)/5(1–2); 7(2–7)/6(1–3);  

5(2–5)/5(1–2); 8(2–8)/5(1–2) 
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Fig. 1. Illustrations of how the measurements were taken at (a) dorsally, (b) laterally, and (c) at the tail 

region. This was done with a Nikon SMZ1500 stereo microscope with a mounted camera. 

a 

c 

b 
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Fig. 2. Lateral (a) and dorsal view (b), and oral disc (c) of a tadpole of Amietia umbraculata 

(AACRG1165) from Sani Pass. 
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Fig. 3. Lateral (a) and dorsal view (b), and oral disc (c) of a tadpole of Amietia vertebralis (AACRG1172) 

from Mont-aux Sources. 
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Fig. 4. Compared lengths and ratios plotted against each other to show major differences. (a) Gosner 

against total length, (b) body length against tail length, (c) tail curvature against tail length and (d) 

anterior tail shaft height – body length ratio against tail deepest portion - tail length ratio. 
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Fig. 5. The differences in mottling in live (left) and fixed specimens (right) between (a) A. umbraculata 

and (b) A. vertebralis. 
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b 


	1 - Front_Contents.pdf
	2 - Chapter 1 - Introduction and Lit review
	3 - Chapter 2 - Study area
	4 - Chapter 3 - Materials and methods
	5 - Chapter 4 - Results - Tadpole morphology
	6 - Chapter 5 - Results Elygium histology
	7 - Chapter 6 - Results Development of the elygium as a function of UVB intensity
	8 - Table 6_2
	9 - Chapter 7 - Combined discussion and conclusion
	10 - References
	11 - Appendix A
	12 - Appendix B



