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INTRODUCTION
Identification, classification, taxonomy and evolution

Harmless, colourful, melodious and ecologically vital, frogs are the antithesis of 
Linnaeus’s disdain. Some 6 000 species of amphibians are known worldwide and more 
are discovered every year. At the same time, the decline and extinction of species is 
occurring at a disturbingly high rate, indicating widespread environmental malaise.

This field guide describes the species found in southern Africa south of the 
Zambezi, Okavango and Cunene rivers and introduces the reader to their biological 
and conservation significance. All southern African species formally described 
before June 2009 are included, and subsequent discoveries or descriptions will be 
made available on the website http://www.nwu.ac.za/p/z/frogbook.html in the same 
page format as published in this book. The taxonomy and classification used here 
follows that of The Amphibian Tree of  Life by Frost et al. 2006.

dIstInguIshIng characters of frogs and tadpoles
Most people are familiar with the general appearance of frogs and tadpoles, but 
considerable variation exists between species. Frogs vary in size from the West African 
Goliath Frog, Conraua goliath, with feet as large as the palm of a human hand and weighing 
more than 3 kg, to the smallest species, a Cuban frog, Eleutherodactylus iberia which is 
only 8.5 mm long. In southern Africa the largest species is the Giant Bullfrog, Pyxicephalus 
adspersus (page 420) and the smallest is the Northern Moss Frog, Arthroleptella subvoce 
(page 360). Substantial variation may occur even within members of a single species. 
Colour and pattern, in particular, may differ from one frog to another within a species 
while, conversely, two different species are sometimes so similar in colour that they are 
indistinguishable on the basis of appearance alone. 

Often the most dependable method of distinguishing between similar species or identifying 
unknown tadpoles is laboratory analysis of DNA. However, this technique falls outside the 

‘These foul and loathsome animals  

are abhorrent because of  their cold body,  

pale colour, cartilaginous skeleton, filthy  

skin, fierce aspect, calculating eye, offensive 

smell, harsh voice, squalid habitation, and  

terrible venom; and so their Creator has not 

exerted his powers to make many of  them.’
Carolus Linnaeus (father of modern taxonomy and one  

of the great naturalists of his time), referring to amphibians, 1758
 

http://www,nwu.ac.za/aacrg/frogbook
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Smallest known frog species: 

eleutherodactylus iberia from Cuba.

Largest known frog species: Conraua  

goliath from Gabon.
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scope of this book, the main purpose of which is to enable identification of living frogs in 
their natural habitats. reliable identification of frogs in the field depends on a combination 
of different characters. These are illustrated diagrammatically on the following two pages. 
All of these characters should be considered in order to reach a confident decision when 
identifying a specimen. Where possible, more than one specimen from a population should 
be examined to establish the degree of variation that might occur. on p.10, a step-by-
step process is described and this should be followed when identifying a frog or tadpole.



COLOUR

HANDS
Fingers may vary in 
length and have terminal
bulbs or disks.

FEET
Webbing varies from absent 

to full. Toes may have terminal
bulb or disks.

No expansion

Bulbs / Discs

Claws

Subarticular 
tubercle

Inner metacarpal 
tubercle

Subdigital tubercles

Palmar tubercles

Outer metacarpal
tubercle

Forearm tubercles

IIIIV
II
I

Colour pattern is often
variable and is described
for each species.

LIMB LENGTH
Determined relative 
to body length.

Body length

Leg length

Parotoid gland

Nostril

Umbraculum

Pupil

Tympanum

Vocal sac

Gular disc

Infratympanic 
ridge

Digital disc

Web

Outer metatarsal tubercle

Mid-tarsal tubercle

Tibia

Thigh

Lateral region
Vent

Dorsolateral region

Paravertebral region

Vertebral region

Sacral region

Forearm

Horizontal

EYE PUPIL

Vertical

Circular

Subdigital
tubercles

Subarticular
tubercle

Outer metatarsal
tubercle

II
Webbing

Phalanges

Metatarsal

Inner metatarsal 
tubercle

Mid-tarsal 
tubercle

V

IV
III

I

Tarsal fold
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cHaRacteRs FoR IdentIFYIng adUlt FRogs
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MOUTH POSITION

Anterior Anteroventral

VentralNear ventral

SPIRACLE POSITION

Above

Below Well below

Just below

Paragyrinid

EYE POSITION

Lateral Near lateral Dorsolateral Dorsal 

NOSTRIL POSITION

Narrowly spaced

Widely spaced

Tail muscle Dorsal fin

Ventral finVent tubeSpiracleMouth

Snout

Nostril Eye diameter

The LTRF formula here is: 5(2-5)/4(1-2), indicating
that there are five rows in the upper jaw, of which rows 
2-5 are divided, and 4 rows in the lower jaw, of which 
rows 1 and 2 are divided.

LABIAL TOOTH
ROW FORMULA

(LTRF)

LTRF: 3(2-3)/3

LTRF: 0/1

LTRF: 4/10(1)

JAW SHEATHS

Delicate

Moderate

Massive

VENT POSITION

MarginalSupramarginal

Modified from Anstis, M. (2002) Tadpoles of  South-eastern Australia
a guide with keys. New Holland Publishers, Sydney, Australia.

cHaRacteRs FoR IdentIFYIng tadPoles
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HoW to Use tHIs Book
every southern African species of frog (and most of their tadpoles) is individually described 
and illustrated in this book. descriptions are grouped by genus and each genus is introduced 
on facing, tinted pages, which include a key to the species in that genus. Where a genus 
comprises only one species, the genus and species descriptions are combined. reliable 
identification of specimens can best be achieved by following this step-by step process:

1  Work through the fieLd KeY To THe geNerA of 
AduLT frogS (pages 68–74) to determine the genus  
to which the specimen belongs.
2  Turn to the relevant genus description page and 
check whether the specimen conforms to the points 
listed in the diSTiNCTiVe CHArACTerS box. if not, 
retrace the selections made in the key process.
3  Work through the KeY To SPeCieS on the genus 
page to identify the species.
4  Turn to the relevant species description page  
and ensure that the following questions are  
answered positively: 
A  Was the specimen found within the distribution  
range indicated in the map? 
B  is the general appearance similar to the  
photographs and description, remembering that  
colour and patterns can vary considerably?
C  does the specimen conform to all of the points  
in the keY Id PoInts box?

D  Was it found in or near the type of habitat  
described? 

E  is it approximately the same length as the average  
length bar? Note: smaller than average juveniles  
are often encountered. 
F  if the frog was heard calling, does the call heard 
match the call description given for each species, 
as well as the sound spectrogram (pages 470–488)? 
guidance on the interpretation of spectrograms is given. 
5  Tadpole identification follows a similar series of 
steps, starting with the fieLd KeY To THe fAMiLieS 
ANd geNerA of TAdPoLeS (pages 75–79).
6  information about the biology and ecology of 
amphibians is given on pages 30–66 and contributes 
to a better understanding of the complexity, 
fascination and importance of amphibian life in 
southern Africa. 
7  The gLoSSArY (pages 466–469) will assist  
with unfamiliar terms. 
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Average length

Average length

Y

Maximum size: 65 mm

Call
Loud yack-yack 

sound, usually 

preceded by a drawn-

out eeeeeeee buzz. 

Males call from 

exposed positions 

in trees and bushes 

usually overhanging 

or close to water.

Habitat and habits

Coastal forest, sand 

forest or coastal 

bushveld and 

occasionally grassland 

in forest and savanna 

biomes. Pairs go into 

amplexus in trees and 

then descend to the 

ground where they 

excavate a shallow 

burrow in which the 

eggs are laid. 

Natal Tree Frog 
Natalse boompadda 

Leptopelis natalensis (Smith, 1849)

Named after KwaZulu-Natal (formerly Natal) where  

the species occurs.

Conservation status: Not threatened.

Description
Maximum size: 65 mm. Body: compact 

with long limbs. Above: slightly granular; 

colour pattern varies from uniform lime-

green to pale brown or brown, with emerald-

green blotches with a thin black outline. 

Head: snout blunt, with nostrils closer to 

the snout tip than to the eyes; eyes large 

and protruding. Tympanum: prominent. 

Underside: skin granular and cream-

coloured; underside of the limbs yellowish. 

Forelimbs: fingers unwebbed with large 

terminal discs. Hindlimbs: inner metatarsal 

tubercle small; toes extensively webbed 

with very large terminal discs. Sexual 

dimorphism: no conspicuous differences.

•	 No	dark	dorsal	horseshoe	

pattern	(distinct	from		

L. mossambicus,		

L. flavomaculatus	and		

L. bocagii)

Natal Tree Frog: Vernon Crookes Nature Reserve, KwaZulu-Natal.

Tadpole: lateral view.

Natal Tree Frog: Vernon 

Crookes Nature Reserve.

M
ar

iu
s 

B
ur

ge
r

FAMILY ARTHROLEPTIDAE 	 	 	 	 	 	 TREE	 FROGS 99  

TADPOLE
Length: up to 50 mm. Shape: slender; body elongate 

oval; dorsoventrally flattened; upper and lower tail fins 

shallow and of equal depth; terminates in sharp tip. Tail: 

strong and muscular, giving serpentine appearance. 

Colour: body and tail muscles dark olive or dark grey; 

sometimes with beige reticulation; upper fin and posterior 

half of lower fin darkly pigmented. Eyes: near lateral; 

elygium present. Nostrils: small, widely spaced; closer to 

snout than to eyes. Spiracle: just below body axis; against 

body; behind middle of body; directed posteriorly. Vent: 

marginal; dextral. Mouth: one row of papillae at sides; two 

rows posteriorly. Jaw sheaths: delicate; weakly flexed. 

LTRF: 4(2-4)/3, sometimes 4(2-4)/3(1).

•	 Terminal	discs	on	both	

fingers	and	toes	are	large	

(distinct	from	L. bocagii  

and	L. xenodactylus)	

•	 Inner	metatarsal	tubercle		

is	small

•	 Extensive	webbing	(distinct	

from	L. xenodactylus	and		

L. mossambicus)

•	 Found	only	in	KwaZulu-Natal	

coastal	woodland

KEY ID POINTS

A

B

E

C

F

D
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CLASSIFICATION OF FROGS WITHIN THE ANIMAL KINGDOM

PHYlUm
The animal kingdom is divided into 25 phyla. 
frogs belong in the phylum Chordata – animals with a notachord and a hollow dorsal nerve 
cord. Most familiar animals belong to the sub-phylum Vertebrata (vertebrates).

class There are 9 classes of vertebrates. frogs belong to the class Amphibia. (other classes are 
reptiles, Birds, Mammals and 5 classes of fish.) 

oRdeR
Amphibians are divided into 3 orders comprising about 6 000 species:
Anura (frogs), urodela (salamanders and newts) and Apoda (caecilians). only 1 of these, the 
Anura, occurs in southern Africa.

FamIlY There are 32 families of frogs in the world, 13 of which are represented in southern Africa.

genUs About 270 genera of frogs exist worldwide; 33 occur in southern Africa.

sPecIes Worldwide, there are about 5 200 described species of frogs and 157 of these are found in 
southern Africa.

the phylum chordata (latin chorda = rope or cord)
Chordate animals have an axial notachord. The phylum includes certain worm-like and 
primitive aquatic animals, but the most familiar Chordata are the vertebrates which, in 
addition to amphibians, include fish, reptiles, birds and mammals.

the class amphibia (greek amphi = double; bios = life)
Amphibians are a group of vertebrate animals characterised by having two distinct phases in their 
lives. Although there are many exceptions, the two phases generally comprise an aquatic, larval 
stage – the tadpole – and a terrestrial, reproductive adult stage. different species use a variety of 
strategies to protect themselves from desiccation and exposure to a harsh environment. They lay 
eggs without shells and these are fertilised externally as they are being laid.

Amphibians are the evolutionary ancestors of all terrestrial vertebrates – reptiles, birds, 
mammals and modern amphibians. in prehistoric times they were more prolific and diverse, 
but today only three orders remain. No marine amphibians are known.

the order anura (greek an = absent; oura = tail)
These are the frogs with which most people in southern Africa are familiar. The order 
Anura is the only amphibian order that occurs in southern Africa. The adult form is a squat 
tetrapod that loses its tail when it metamorphoses from the larval tadpole. Many of the 
common species have well-developed hindlegs, giving rise to the alternative name for this 
order, salienta (LATiN saliens = leaping).

Anura is the largest order of amphibians, with more than 5 200 species known 
worldwide. The order has adapted to almost every habitat type, from rain forest to desert, 
and occurs on every continent and large island except Antarctica.

unlike the other orders, the Anura have the ability to vocalise and this is an important 
aspect of their reproductive biology (see pages 40 and 43–45).

classIFIcatIon and taxonomY
Classification is the process by which organisms are grouped systematically. Species in 
which there are indicators of a common evolutionary ancestor are grouped as genera. 
genera sharing a common ancestor are assembled as families, families similarly as orders, 
orders as classes, and classes as phyla. Taxonomy is the science of assigning organisms 
to their positions within this classification system and naming them according to tightly 
prescribed principles developed originally in the 18th century by Carolus Linnaeus.
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the order Urodela (greek ouros = tail; delos = evident)
The order includes the salamanders and newts. They retain a tail throughout the larval and 
adult stages, and the alternative Latin name, caudata, means ‘with a tail’. There are about 
550 species, all of which occur in the northern hemisphere. Most are about 150 mm in 
length but the Japanese and Chinese giant salamanders may exceed 1.5 m. unlike frogs, the 
front and hindlegs are of equal size and positioned at right angles to the elongated body. in 
some species the limbs may be rudimentary or absent altogether. The urodela are voiceless.

Sao Tome Caecilian 

Schistometopum thomense:  

an example of  the Apoda.  

Eyes are rudimentary or absent.

Marbled Newt, Triturus marmoratus: an example of  the Urodela.

the order apoda (greek a = without; poda = feet)
Caecilians are naked, legless, tail-less amphibians. To date, only 173 species have been 
described. They occur in the tropical forests of South America, Africa and South east Asia 
and the biggest species may reach a length of 1.5 m. Almost all species are burrowers. Their 
eyes are rudimentary or absent and they have a pair of small sensory tentacles on the head 
to help them navigate underground where they prey on small invertebrates in the soil. The 
alternative name for the order is gymnophiona (greek gymnos = naked; phiona = snake-like) 
but they differ from snakes and lizards by having no tail and having a terminal anus. unlike 
other amphibians, fertilisation occurs internally. eggs are usually laid in moist soil near water 
and, while some larvae are aquatic, most complete their entire development inside the egg. 
Some species guard their eggs by curling up around them.
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AN ExpLANATION OF THE TERMS ‘FROGS’ AND ‘TOADS’

anuran families
The Anura are divided into 32 families worldwide, of which 13 are represented in southern 
Africa. in the past, taxonomists used skeletal and external morphological characters to classify 
frogs, and species were assembled into families because they appeared to be anatomically 
similar. Modern classification, however, relies extensively on mitochondrial dNA analysis to 
determine the genetic associations that make up families. in 2006 a group of international 
taxonomists led by darrel frost presented a major taxonomic revision of the world’s amphibians 
based on modern genetics. This work, The Amphibian Tree of  Life, demonstrates that species 
that look similar are not necessarily closely related, and that many of the old assumptions 
that defined certain families were incorrect. The new classification by frost et al. is a working 
hypothesis, and may require changes in the future as new information becomes available.

After consultation with several prominent herpetologists around the globe, the authors 
of this field guide chose to follow frost et al. because their work contributes significantly to 
scientific understanding of amphibian evolution and genetic relationships. for the fieldworker, 
however, the new classification of families may compound the difficulties of identification 
because several families include genera that are so diverse in appearance that they cannot 
easily be recognised as a single family. As an aid to the reader, therefore, pictures of typical 
representatives of each genus appear at the top corner of each species description.

genera
The 13 families of southern African frogs are divided into 34 genera, each of which has a 
common ancestry indicated by its dNA. Although families are not always identifiable by 
external appearance, genera exhibit certain morphological or ecological characteristics that 
allow them to be identified in the field. 

for many centuries the name ‘toad’ was applied to the european species of  the genus Bufo while
‘frog’ was the common term for other anura, mostly of  the genus Rana. the two are easily 
distinguishable in europe and were originally regarded as two types of  reptile, like lizards or snakes.  
as scientific taxonomy progressed in the 18th and 19th centuries, frogs and toads were reclassified  
as two families of  amphibians, a separate class from reptiles. in southern africa there are 13 amphibian 
families (see pages 19–29). toads are one of  the frog families, along with the rain frog family, ghost 
frogs, reed frogs and others. it is therefore incorrect to separate frogs from toads; one is a family 
(toads) within an order (frogs).

mascarene grass frog: a typical frog. guttural toad: toads are one of the many frog families. 
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species
The basic building block of the classification system is the species. in southern Africa 
160 species of frogs have been described and new ones are discovered regularly as new 
habitats are explored and techniques for identifying species are improved. 

in amphibians and other sexually reproducing animals, a species is defined as a 
population of animals capable of producing viable offspring by breeding among themselves 
but not with other species. Speciation usually occurs when a group of animals is genetically 
separated from other members of its species as a result of geographical, ecological or 
climatic change. Thus isolated, the group evolves independently inherited characteristics 
and becomes a separate allopatric species.

in some circumstances, groups within a species may become isolated. in time, each 
segregated group may show slight morphological differences yet still retain the ability to 
interbreed if reconnected. Such groups are considered to be subspecies. 

in other instances, for example Painted reed frogs, the species is widely distributed 
and groups of frogs in different parts of the range show different local colour patterns. 
Some taxonomists accord subspecific status to the different geographically located colour 
forms, but there are no clear-cut boundaries between each form and breeding is continuous 
throughout the range. Such situations are better referred to as clines or clinal population 
groups than as subspecies. 

scIentIFIc nomenclatURe
one of the most important aspects of taxonomy is the description and naming of species. 
A description is based on a type specimen – that is, a single specimen or small collection, 
usually preserved and lodged in a museum or recognised repository where scientists may 
have access to it in order to study it. 

The scientific name of each species follows the binomial system first introduced by 
Carolus Linnaeus in 1735. it comprises two Latinised words, the first of which is used for all 
members of the genus, and the other identifies the species. The same specific name may be 
used in different genera (for example, Pyxicephalus adspersus and Breviceps adspersus) 
but in combination with a generic name, each is unique. A third Latinised name may be 
added to denote a subspecies. generic, specific and subspecific names are customarily 
italicised, and the generic name is spelt with an initial capital letter. family, order and class 
names are not italicised. 

The full scientific name also includes the name of the person who first described the 
species for science and the date of the description. if the species is reassigned to another 
genus after its original description, the first describer’s name appears in brackets. for 
example, the correct scientific name of the Painted reed frog is Hyperolius marmoratus 
rapp, 1842, and the Clicking Stream frog is named Strongylopus grayii (Smith, 1849). in the 
second example, ‘Smith, 1849’ is bracketed because Smith originally named the species Rana 
grayii. When the name of a genus is given without reference to any particular species, the 
name of the person who described the genus is given, as well as the date of description.

Strict principles apply to the naming of species and this is supervised by the 
international Code of Zoological Nomenclature. once accepted in the scientific literature, a 
name is used universally in all countries irrespective of local language, as shown below:

genUs sPecIes sUBsPecIes descRIBeR descRIPtIon date

Hildebrandtia ornata ornata (Peters) 1878
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eVolUtIon oF amPHIBIans
Amphibians were the first vertebrates to emerge from the water and exploit the terrestrial 
landscape more than 350 million years ago. The process entailed substantial physiological 
changes including the development of a skeleton capable of supporting the weight of 
the body in air, and the evolution of lungs that could inhale and absorb free oxygen from 
the atmosphere. These early amphibians were the common ancestors of all terrestrial 
vertebrates – mammals, birds, reptiles and modern amphibians.

The fossil record of frog evolution is imperfect, but tail-less anurans appear to have 
emerged during the Triassic prior to the dinosaurs. Southern African anurans can be traced to 
this period. Vulcanobatrachus mandelae, a frog not unlike the modern Platanna, existed in the 
part of gondwana that is now southern Africa 120 million years ago. The main developments 
in the evolution of southern African amphibians are shown on the next two pages.

Fossil frog Vulcanobatrachus mandelai from the Cretaceous deposits in the Marydale District, 

Northern Cape, about 120 million years ago.

Fossil tadpole from Europe: the soft body parts of  tadpoles rarely fossilise and our knowledge  

of  tadpole evolution is therefore limited.
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SYSteMAtIC LISt OF 
SOUtHeRn AFRICAn FROGS

scientific and common names of species

The following tables list the 13 families, 33 genera and 157 species of frogs that 
occur in Namibia, Botswana, South Africa, Zimbabwe, Swaziland, Lesotho and 
Mozambique south of the Zambezi river. family headings are colour-coded to 
correspond with the coloured tabs that appear at the top, right-hand corner of the 
descriptive pages. A small illustration of a typical member of the family or genus 
is included in the tab and a page reference to the descriptive page is given. 

The scientific name appears in the first column of the table. This is followed in 
the next two columns by the standard common english and Afrikaans names. 
unlike birds or mammals, few frogs have widely known common names. in the past, 
authors often used names of their own or local popular names, which frequently led 
to duplication or confusion. in 1979, after wide discussion and research, South 
African Frogs (Passmore and Carruthers) assigned standard english names to all 
South African species. These, together with standard Afrikaans names, were 
reviewed and formalised in the Atlas and Red Data Book of  the Frogs of  South 
Africa, Lesotho and Swaziland (Minter et al. 2004) and those names have been 
retained here. Where species have not been included in the Atlas, english names 
have been taken from ‘Amphibian Species of the World’ http://research.amnh.org/
herpetology/amphibia/index.php and Afrikaans names have had to be created.  

The final column in the table lists the common names that have been used in 
earlier publications so that they can be cross-referenced to the modern literature.

PIoneeR oF soUtHeRn aFRIcan FRogs

The first scientific work on southern African frogs was  
published in 1849 by dr Andrew Smith in his monumental 
multi-volume The Zoology of  South Africa, illustrated by 
george Henry ford. it contained detailed descriptions and  
paintings of the 26 species of South African frogs then 
known, 14 of which Smith had discovered himself.

Andrew Smith was a Scottish military doctor who  
resided at the Cape from 1821 to 1839. under the  
patronage of the governor Lord Charles Somerset he 
founded the South African Museum. He was also an  
explorer and diplomat for the colonial government and  
took an expedition north of the Vaal river to meet African 
leaders including Mzilikazi.Im
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A

B

C

D

MORPHOLOGY AnD 
PHYSIOLOGY

structure and function

The evolution of amphibians from an aquatic to a terrestrial environment and 
the subsequent exploitation of widely divergent habitats have been achieved 
through a variety of remarkable physical and functional adaptations. 

skIn
The amphibian skin is a complex organ providing a number of essential functions.  
it aids in respiration, protects the animal against pathogens, assists with thermoregulation 
and water balance, provides a cocoon during hibernation and other states of inactivity, 
changes colour to camouflage the animal and secretes toxic or distasteful fluids to  
deter predators. 

The skin is loosely attached to the body and consists of two layers: the inner dermis 
and the outer epidermis. The outer surface of the epidermis consists of a layer of 
cornified keratin cells, the stratum corneum, which is replaced by a new layer at intervals 
of between four and eleven days. on the days prior to moulting, the skin becomes 
opaque, obscuring colour and pattern. during moulting, some species (especially the toad 
family) hunch and contort the body to loosen and remove the dead stratum corneum, 
which is then eaten. other species simply allow fragments of moulting skin to fall away. 

There are three types of glands in the inner surface of the epidermis at the interface 
with the underlying dermal tissue: mucous glands which keep the skin moist, poison 
glands which exude toxins to deter predators and, in species living in semi-arid 
environments, wax glands which secrete impermeable fluids that are wiped over the skin 
to reduce water loss.

Cross section 

through frog 

skin.

A Mucous gland

B Poison gland

C Epidermis

D Dermis

(Wax glands 

are not present 

in this cross 

section.)
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Foam Nest Frog with feet concealed to  

reduce water loss.

Respiration
An extensive network of blood capillaries runs close to the surface of the skin allowing 
carbon dioxide to be released through the skin and, to a lesser extent, oxygen to be 
absorbed. for this to take place the skin must remain moist so that these gases are 
exchanged in their dissolved state. 

thermoregulation
Amphibians are ectothermic – their body temperature is determined by the temperature of 
the external environment. Southern African frogs are most active when the surrounding 
temperature is 20–30ºC. unlike other vertebrates, amphibians are not insulated by a 
covering of hair, feathers or scales, so at temperatures above 40º and below 3ºC they need 
special mechanisms in order to survive. Most species burrow or withdraw to damp retreats 
to stabilise body temperature and avoid dehydration during the heat of the day, but in some 
species, such as the Southern foam Nest frog Chiromantis xerampelina and some reed 
frogs, the skin becomes almost white in temperatures above 30ºC and fluids are secreted to 
cool the body. These fluids sometimes attract sweat flies. 

Water balance
frogs do not drink water. To regulate moisture levels in their bodies they absorb water by 
osmosis through their semi-permeable skin when they are submerged in water or sitting on 
wet surfaces. They release water via the kidneys. Tadpoles and aquatic species, such as the 
Common Platanna Xenopus laevis, constantly need to excrete water and waste in the form 
of ammonia to compensate for the intake via osmosis. Conversely, terrestrial species reduce 
their loss of water by excreting waste as urea. 
The Southern foam Nest frog excretes waste 
as uric acid, a white paste requiring almost no 
water to carry it out of the body. it also uses 
its limbs to spread a waxy glandular secretion 
over the body to reduce loss of moisture 
through the skin. 

Most water is lost through the ventral 
surface of the frog’s body where the skin is 
most permeable. for this reason Tree frogs 
and reed frogs tuck their feet tightly under 
their bodies to prevent water loss. Highly 
terrestrial species such as Sand frogs and 
Toads retain water reserves in the bladder and lymph sacs. A sudden discharge of this fluid 
onto surprised would-be predators serves as a secondary defence mechanism.

When hibernating, some fossorial (burrowing) species retain several layers of the outer 
epidermis instead of moulting them. This forms an impermeable keratin cocoon that, except 
for small nostril apertures, completely seals the frog while it remains buried. in this state, 
metabolism slows, water loss is greatly reduced and hibernation can be sustained throughout 
the dry winter months – or even for years if the seasons are unsuitable for breeding. 

colour
Many frogs adjust their colour to camouflage themselves or to regulate body temperature. 
Skin colour is produced by pigments known as chromatophores that are located in branched 
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cells within the dermis. Chromatophores can be withdrawn into a small zone of the cell so that 
barely any pigment is evident, or they can be distributed throughout the cell to make the colour 
conspicuous. Controlling the extent of chromatophore dispersal in the cells enables the frog to 
change colour in response to stimuli such as background colour, temperature, light intensity and 
even to reflect the emotional state of the animal. 

Most amphibians have three types of pigments. Melanophores contain black or brown 
melanin and are the most deeply imbedded in the skin. iridiophores contain a silvery light-
reflecting pigment and are the next deepest. uppermost in the skin are xantophores with yellow, 
orange or red pigments. Light penetrating the skin is reflected back by the iridiophores through 
the xantophores to produce the bright, conspicuous colours commonly found in tropical frogs.

Brightly coloured chromatophores in the  

eye and skin.

Painted Reed Frog with colour visible (left) and with colour hidden (right).

Micrograph of  chromatophores in frog skin.
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Camouflage 

Polymorphism in two frogs of  the same species, Boettger’s Caco: polymorphism diminishes 

vulnerability to predators. Pale specimens are less conspicuous in winter grassland, while 

striped ones blend in better in summer grassland.

Masked and banded Plain Stream Frog: eye 

masks and transverse banding on the legs 

break the outline of  the frog.

Striped camouflage in the Rattling Frog: light 

and dark stripes match the contrasting light 

patterns in long grass.

Mottled specimen of  the Tremelo Sand Frog:

mottling and coarse texture replicates the  

gravel substrate.
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flash colours
Some frogs have brightly coloured patches that are concealed when the frog is at rest, but 
vividly displayed when it moves. it is believed that the striking colours confuse predators as 
they are visible only intermittently.

Painted Reed Frog at rest (left) and exposing flash colours (right). 

Aposematic colours
red, orange, yellow, white and black 
often signify toxicity in nature. Predators 
learn to associate these colours with 
distasteful or dangerous species and 
avoid preying on them. 

Right: The highly toxic skin secretion of  

the black and red Banded Rubber Frog is 

signalled by its colours, and its elevated 

stance enhances the size of  the animal  

to discourage a predator further.
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Dorsal view

Hindbrain

Forebrain

Midbrain

skeleton and lImBs
during metamorphosis the boneless tadpole 
develops a complex skeleton of bone and 
cartilage comprising spinal column, skull, rib 
cage and limbs. This gives structure to the 
body, protects the nervous system and provides 
attachment points for muscles which allow for 
effective movement. The evolution of a skeleton 
strong enough to support the body without 
the buoyancy of water was a key development 
that enabled amphibians to develop from their 
aquatic ancestors.

Adaptation of the limbs reflects the behaviour 
patterns of different species and is often a useful 
diagnostic feature. The toes of Tree and reed 
frogs bear adhesive discs for climbing. The more 
aquatic species have extensive webbing between 
their toes. grass frogs and river frogs have 
long and powerful hindlegs with which to leap 
away from danger. By contrast, the burrowing 
frogs have short stubby legs with hard, calloused 
tubercles on their feet which are used to thrust 
aside soil as they dig.

BRaIn and 
neRVoUs 
sYstem
The frog brain is 
divided into three 
parts: the forebrain 
contains the olfactory 
centre which is 
responsible for the 
highly sensitive sense 
of smell; the midbrain 
controls complex 
integrative activities 
and includes the optic 
lobes responsible for 
sight; and the hindbrain 
is well developed and 
plays an important 
role in maintaining 
equilibrium and 
movement. 

X-ray of  a River Frog showing  

skeletal adaptation for leaping.

X-ray of  a Rain Frog showing  

skeletal adaptation for burrowing.

FRog BRaIn
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Suspensory fibresEye muscles

Sacral
cartilage

Retina

Eye muscles
Lower lid

Nictitating
membrane

Lens

Iris

Cornea

Upper lid

Note: Arrow indicates 
lens movement.

VoIce
frogs and toads appear to have been the first creatures to develop advanced vocalisation, 
and the importance of calls and communication is discussed on pages 43–45. 

relative to the size of a frog, the energy and volume of sound produced is prodigious. 
Calls are produced by inflating the lungs beyond the volume needed for normal breathing. 
Surplus air is passed rhythmically via the larynx to the buccal or mouth cavity, vibrating the 
vocal chords as it does so. unlike most other vocal animals, the mouth is kept closed while 
calling and sound is amplified by resonance in a thin-walled vocal sac that expands from the 
base or sides of the buccal cavity.

eYes and sIgHt
in frogs, vision is critically important for feeding and detecting danger. except for Platannas, 
which are largely confined to aquatic habitats, the eyes of frogs need to function on land 
and under water. They have retractable eyelids and lachrymal glands to lubricate eyes in dry 
air, and transparent nictitating membranes to protect them under water. unlike mammals, 
frogs focus by moving the lens within the eye rather than changing lens shape and focal 
length. At rest, the eye is focused on a point in the distance. To look at closer objects, the 
lens moves backwards into the eye.

Species that hunt fast-moving prey after dark have evolved large bulbous eyes with irises 
that can dilate from narrow slits in daylight to full circles for night vision. frog eyes are equipped 
with both rods and cones in the retina and can thus see colours – at least in good light. 
Because of their large size, eyes can be withdrawn into the skull for protection. A retractable 
nectitating membrane protects the eye underwater. Prey is usually detected only when it moves.

The shape of the iris in bright light – vertical or horizontal – is a useful diagnostic tool 
for identification.

amPHIBIan 
eYe
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Inner
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Operculum

Opercularis muscle

Columellaris muscle

Columella

Tympanum

Sensory papillae

Bone

Sound wave

Vibration through legs

eaRs and HeaRIng 
The eardrum or tympanum is exposed and visible in most species and is a flat, circular 
membrane located close to the eye. Behind the tympanum lies the middle ear and a strip 
of tissue (columella) that transmits sound vibrations from the tympanum to sound sensory 
organs in the inner ear. A small muscle (opercularis) connects the ear to the shoulder so that 
the frog can detect ground vibrations via its forelimbs. A blocking mechanism controlled by 
the columellaris muscle protects the inner ear from particularly loud sounds. 

FeedIng, sWalloWIng 
and dIgestIon
With the exception of Platannas, 
southern African species feed on 
land. Arthropods make up the diet of 
most frogs, but larger river frogs and 
Bullfrogs may take rodents, fledgling 
birds and other frogs. Cannibalism 
is a common occurrence, practised 
especially by newly metamorphosed 
juveniles which eat one another. 

Movement of a prey item generally 
triggers a feeding response and a 
frog usually takes whatever appears 
edible by snapping at it or catching it 
on its adhesive tongue. Most southern 
African species have a tongue fastened 
at the front of the mouth which can 
be flipped out readily to capture prey. 
After dirt or indigestible parts, such as 
wings, have been scraped away with 

amPHIBIan 
HeaRIng 
stRUctURe

Giant Bullfrog eating a Red Toad.
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the forelimbs, prey is swallowed whole. if it 
proves distasteful, the prey is immediately 
expelled from the mouth. Large prey is 
sometimes crushed or suffocated before 
being swallowed. Most species have small 
recurved teeth to assist with grasping and 
swallowing. in some species these are 
restricted to the upper jaw, while in others 
they may be located in the roof of the 
mouth (vomerine teeth). After a few gulps, 
swallowing large items can be assisted by 
retracting the eyeballs into the buccal cavity 
so that the food is pressed down the gullet.

Platannas scavenge for detritus (fine debris) underwater. They hover a few centimetres 
below the surface, waiting for edible fragments to drift their way, and then shovel them into 
their mouths with their forelimbs. They have neither teeth nor tongue and sometimes rake 
large food items into manageable pieces with their clawed feet.

digestive enzymes are secreted in the oesophagus and digestion takes place in the 
stomach and intestine. undigested waste is passed through the rectum and out via the cloaca.

Whereas adult frogs are carnivorous, tadpoles are semi-herbivorous, feeding largely 
on algae and bacteria. Most have sets of keratinised beaks or jaw sheaths (rostrodonts) 
and scrapers or labial teeth (keratodonts), and these are used to rasp off plant material or 
bacteria growing on plant material. food particles are trapped in a filter mechanism when 
water is pumped into the mouth and out via one or two spiracles at the side of the head. 
Sticky cells transport the food to the opening of the oesophagus. 

Platanna tadpoles in characteristic  

head-down position.

Yoke-filled eggs of  a Rain Frog (Breviceps), 

a genus that lacks a tadpole stage and 

develops directly into a small frog.

Common River Frog tadpole feeding near  

the bottom of  a pond.
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Tadpoles of Platannas are filter-feeders. Small shoals hang in a characteristic  
head-down position in the water while the tip of the tail beats constantly, drawing a flow  
of water towards the mouth. Microscopic food particles in the water are trapped in filters 
and ingested in the same manner as other tadpoles.

A number of southern African frogs have no free-living tadpoles. Their eggs are laid in 
humus or underground and contain sufficient yoke to nourish the developing tadpole until 
metamorphosis is complete. 

HeaRt and cIRcUlatIon
Amphibians have three-chambered hearts with two atria and one ventricle (the muscular 
pump). Blood from the body enters the right atrium via a receiving chamber known as 
the sinus venosus. from here blood enters the ventricle and is pumped to the lungs 
where it absorbs oxygen. oxygenated blood returns to the left atrium from where it 
is pumped via the ventricle back into the circulatory system of the body. oxygenated 
and deoxygenated blood is prevented from mixing in the ventricle by a spiral valve that 
keeps the blood from the lungs separate.

URogenItal oRgans
The excretory and reproductive systems are closely associated. Primitive kidneys (known 
as mesonephros) are elongated and situated towards the back, on either side of the aorta. 
in males, two pale-coloured testes are attached to the kidneys. during the reproductive 
season they increase in size and sperm gathers in collecting ducts and is transported to 
the cloaca. 

in females, paired ovaries are attached to the kidneys. each ovary consists of a thin sheet 
of connective tissue, the ovisac, which encloses the developing ovarian follicles. At the onset of 
the breeding season the follicles ripen, increase in size, and then pass through coiled oviducts 
where they are coated with a jelly secretion before reaching the cloaca of a gravid female. 

The urinary bladder consists of a smooth epithelium and muscle layers that allow 
considerable distension of the bladder when filled with urine.
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Larynx closes.

Larynx opens.
2B

1B

2A

Nostrils close
and buccal floor

muscles
contract.

3Buccal floor
muscles relax.

1A

Body wall contracts.
Vocal sac aperture opens

and sac is inflated.

Vocal sac 
aperture closes.
Air returns from 

vocal sac to lungs.

Nostrils open.
Larynx closes and

buccal floor muscles relax.

2C2D

Buccal floor
muscles contract.

Tongue

Nostril (open)
Buccal cavity

Larynx (open)

Lung

Vocal
sac

Vocal sac
aperture

Buccal floor
muscle

ResPIRatIon and VocalIsatIon
1: Respiration through buccal cavity and rapid throat oscillation.
1a: Buccal floor muscles (under throat) contract, expelling used air in buccal cavity through nostrils. 
1B: Buccal floor muscles relax. Air drawn in through nostrils. oxygen absorbed through buccal wall.

2: Respiration through lungs.
2a: Larynx closed to prevent air from entering lungs. Buccal floor muscles relax to draw in fresh air.
2B: Larynx opens. Body wall muscles deflate lungs. used air expelled through open nostrils.
2c: Nostrils closed. Larynx open. Contraction of buccal floor muscles pumps fresh air into lungs.
2d: Nostrils open. Larynx closed. Buccal floor muscles relax drawing fresh air into buccal cavity to 
be pumped into lungs (2C) or used in buccal cavity and expelled through nostrils (1A). 

3: Vocalisation. 
Nostrils closed. Body wall muscles deflate lungs, forcing air over vocal chords into extended vocal 
sac to amplify sound.

Adapted from 
gans (1973b)
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ResPIRatIon
oxygen intake is mainly through the lungs, while carbon dioxide is lost primarily through the skin. 
Mammals inhale air by contracting the diaphragm. in frogs, however, air is pumped into 
the lungs by raising and lowering the floor of the mouth. Lowering the mouth floor sucks 
air through the nostrils into the expanded buccal cavity. The nostrils are then closed and 
when the floor of the mouth is raised, air is pushed through a valve into the lungs. To expel 
stale air, the nostrils are closed, air is drawn from the lungs back into the mouth and then 
expelled through re-opened nostrils. frogs draw and expel air rapidly in and out of the 
mouth. After several inhalations they pump air through to the lungs. oxygen and carbon 
dioxide are exchanged through the lungs and through the walls of the buccal cavity. The 
rapid pumping action under the jaw can usually be seen when observing a frog at rest.

frog lungs are ovoid elastic sacs and the inner surfaces are divided into a network 
of septa or dividing walls. These are in turn subdivided into smaller compartments, each 
ending in a blind chamber covered with vascular respiratory surfaces known as alveoli. 

Tadpoles have gills for respiration but they also make use of the skin as a respiratory 
surface. for the first day or so after hatching, tadpoles have external gills but these are soon 
covered by a membrane so that water can be pumped into the mouth, over the gills and then  
out through the spiracle. The majority of species have a single spiracle but Platannas have two.

smell and cHemoRecePtIon
Amphibians detect scents in the environment through the olfactory epithelium (cellular 
tissue) and the epithelium of the Jacobson’s organ which is located in the roof of the mouth 
near the nostrils. it is believed that amphibians use smell for homing orientation and for 
recognising breeding sites. 

endocRIne sYstem
Behaviour is to a large extent determined by hormones secreted by ductless glands situated 
in various parts of the body, most importantly, in the thyroid and pituitary glands. 

The main function of the thyroid gland is to control metamorphosis in tadpoles through 
the hormone thyroxin. Production of this hormone is influenced to some extent by water 
temperature: cold water inhibits thyroid activity, while warm water enhances it. This plays a 
role in survival in cases where frogs breed in non-permanent water. if the water level drops, 
a frog’s temperature increases, stimulating the thyroid to speed up metamorphosis before 
the water dries up completely. Conversely, in temperate regions, tadpoles are prevented  
from metamorphosing as winter approaches so that juveniles are spared the probability  
of freezing to death.

The pituitary gland is situated at the base of the brain and secretes a variety of 
hormones that control breeding, colour change and water balance in the animal.

age, gRoWtH and longeVItY
in nature, little is known about the longevity of amphibians. Larger amphibians have the 
potential to live longer, and records exist of toads living for up to 40 years in captivity. 
Confirmed ages that have been reported for southern African frogs in captivity are: 

30 years for a Common Platanna Xenopus laevis
18 years for a Cape Sand frog Tomopterna delalandii
23 years for a red-legged Kassina Kassina maculata
35 years for a giant Bullfrog Pyxicephalus adspersus
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3. Females are attracted to 

the calls, and pairs mate.

4. While mating, females extrude 

eggs which the males fertilise 

externally. 

6. Eggs develop into tadpoles. 5. Eggs scattered in shallow water. 

2. Males gather at specific 

breeding sites and produce 

calls unique to their species. 

8. Juvenile frogs disperse  

and mature. 

7. Tadpoles metamorphose 

from aquatic to terrestrial form.

1. Adult bullfrog ready to breed.

RePRODUCtIOn AnD 
VOCALISAtIOn

Breeding biology and survival

frog calls are a positive sign of the advent of spring. They are a critical component 
of the annual reproductive cycle which, although familiar in its simplistic form, is a 
remarkably complex process linking the aquatic and terrestrial components of the 
lives of amphibians. Complexity is compounded because different species have 
adapted the cycle to suit their particular environmental niches.

BReedIng cYcle  

giant Bullfrog
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Mating seasons
Although many species have developed ways of reducing their dependence on water, all 
frogs require some form of moisture in order to breed. In winter rainfall areas of the Western 
Cape, most species breed at the end of winter when ponds and streams are full and the 
landscape is saturated. In the interior summer-rainfall areas, breeding usually takes place 
after the first thunderstorms. Within these broad parameters species will select different 
mating seasons, stimulated by a combination of day-length, temperature and rainfall. 

The duration of a mating season may vary considerably and in warmer and wetter 
climates, calling and breeding continues for periods of up to nine months of the year. Under 
these circumstances a female may lay eggs two or more times in a season. In species that 
breed in cool, permanent water, metamorphosis may take several months.

In regions with erratic rainfall, frogs need to exploit opportunities as they arise and 
the species that do so are referred to as ‘explosive breeders’. Often using temporary 
water bodies that accumulate after suitable rains, they emerge in large numbers to call, 
mate and lay eggs in a short period, sometimes in only a single day, although this may 
be repeated if  conditions are favourable. Explosive breeding is typified by vigorous 
fighting between males competing for females at the breeding site. In particularly dry 
years these frogs may not breed at all. Metamorphosis is accelerated in temporary water 
and may take less than four weeks in the warm waters of shallow pools so that tadpoles 
avoid desiccation as ponds start to dry up (see Endocrine system, page 41). At least one 
species, the Giant Bullfrog (pages 420–421), shows parental care in protecting tadpoles 
in these circumstances. 

secondary sex characteristics
As the breeding season approaches the internal reproductive organs in both males and 
females undergo significant changes. Externally, males develop vocal sacs and nuptial 
pads. The structure of the vocal sac varies between species, and four broad categories 
can be identified. 

Nuptial pads are rough-surfaced swellings on the fingers and forelimbs that allow the 
male to clasp the female securely during amplexus. In species that inhabit fast-flowing 
streams, the nuptial pads may take the form of sharp spines which allow for a more secure 
grip. Some burrowing species develop adhesive glands that produce substances that glue 
the pair together during amplexis in order to prevent separation as they dig into the soil. 

Vocalisation
Frogs are more often heard than seen, and calling is a critically important aspect of their 
survival. Calls serve four purposes and different sounds are produced for each: to attract 
females to a breeding site, to ensure males keep separated from one another, to signal 
release from amplexus, and to alarm and discourage predators.

advertisement calls 
The type of call most commonly heard is produced by males to attract females. Males 
congregate at suitable breeding sites from the start of the breeding season and produce an 
advertisement call that is unique to each species. Calls are amplified by an expanded vocal 
sac. The hearing of a female is attuned so that she is responsive only to the sound of a 
conspecific mate and she homes in on him by cocking her head from side to side to confirm 
her direction as she approaches. Neither vision nor smell is involved in this approach.
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Paired subgular sac: the twin lobes expand 

only at the instant of  the short call (Water 

Lily Frog).

Subgular sac with covering disc: the 

membranous sac is protected by a thick skin 

when at rest (Painted Reed Frog).

Paired lateral sac: twin membranous sacs 

emerge from slits on either side of  the jaw 

(Ornate Frog).

Subgular sac: the elastic membrane  

expands and resonates as the call is made 

(Guttural Toad).

The unique character of the call of each species is known as the ‘specific mate recog-
nition system’ (SMrS) and it is the principal means by which frogs recognise and mate  
with conspecific partners and thereby perpetuate the species. Calls can readily be identified  
by the human ear and they are the most reliable method of identifying species in the field.  
The spectrograms (pages 470-488) are important identification tools.

in species that have extended breeding seasons, females approach the calling males  
and select one with which to mate. factors influencing a female’s selection may be the  
volume or frequency of the call or the choice of call site. occasionally a silent male, referred to 
as a ‘satellite’, stations himself close to a robust caller and intercepts the female as  
she approaches. 

in explosive breeders, however, competitiveness at the breeding site and the need to 
mate urgently drive males to mount approaching females as soon as they are detected. 
often other males, frogs of other species and even bits of flotsam on the water are  
mistaken for females and assaulted.
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Males may establish choruses of considerable size, and the sound is orchestrated to 
enhance their effectiveness. individuals close to each other tend to call antiphonally – that is, 
one calls in the brief space between the calls of neighbours so that while their combined and 
continuous sound is heard from a distance, they still retain their individuality in attracting a mate. 
disturbances usually cause the whole group to fall silent simultaneously, after which individuals 
slowly stimulate reparticipation so that the chorus soon swells again to maximum volume.

Choruses consisting of ten or more different species at one site are not uncommon and 
the ability of females to negotiate this cacophony and locate the correct mate is assisted by 
several factors: the zone of the call site is usually consistent within species – for example, 
certain species prefer emergent vegetation while others call at water level; and some call 
from mudbanks, while others call from trees. Species also separate themselves with regard 
to the time of calling – some call only in the early evening while others begin to call only 
towards midnight. 

spacing and aggressive calls
The selection of a call site by a male determines his ability to attract females. individuals are 
known to return constantly to the same site each night and they will defend their positions 
vigorously. if approached too closely by a potential competitor, the male emits a particular 
sound to warn the intruder to keep his distance. This spacing call is quite different from the 
advertisement call. Some species, such as the river frogs and certain reed frogs, produce 
a dual advertisement and spacing call constantly; the two components – a rattle and a croak 
in the case of river frogs – are easily distinguishable. But in most species the spacing call 
is used only when required and is to be heard more frequently in the early evening while 
males are establishing their call sites.

if the spacing call fails to deter a challenger, antagonists may resort to punching at each 
other with distended vocal sacs, kicking or biting one another until one individual is driven off.

Release calls 
females produce short grunting sounds combined with vibrations of the flanks to terminate 
amplexus once their eggs have been laid. Males give a similar call if inadvertently grasped 
by other males in the frenzy of the breeding site. Amplexus is quickly terminated in these 
circumstances – the release call appears to be effective even between different species 
when accidental mounting occurs.

distress calls
in some species, such as rain frogs, both sexes can give a distress call if molested by 
potential predators. The call is emitted with the mouth wide open and its purpose is to startle 
a potential predator into releasing its victim. it has also been suggested that the distress call 
serves to alert other frogs to danger.

matIng
fertilisation takes place externally. The male, which in all cases (except Bullfrogs) is smaller 
than the female, clasps the female from the back with his forelegs and exudes sperm 
onto the eggs at the moment that she expels them from her cloaca. The system is not 
always efficient in that sperm and – especially – underwater eggs can be separated before 
fertilisation takes place. Mating methods that different genera use to improve fertilisation 
rates are discussed in each generic description.
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the time taken for the development of egg to free-swimming tadpole varies considerably between species 
and in response to temperature. It can be completed in as little as a day (e.g. african common Frogs 
Pyxicephalidae) or it can last several days. the average times given below are for the guttural toad 
Amietophrynus gutturalis. gosner stage refers to the embryological developmental phase of the tadpole.

Hours Illustration

ovum
outer jelly-like material
•	 Animal pole. Contains the cells that 

will divide and give rise to the embryo. 
faces upwards to absorb sunlight 
and is pigmented to shield ultra-violet 
radiation. often pigmented to absorb 
warmth. 

•	 Vegetal pole contains yoke as 
nourishment for the developing tadpole.

0–1

gosner stage 1

•	 ovum starts as a single-cell structure.
•	 undergoes a series of divisions (known 

as cleavage) into 2, 4, 8, 16, 32, etc., 
stages.

•	 Multi-celled stage: the zygote grows 
around the yolk, which is slowly 
absorbed as the tadpole develops.

2–3

gosner stages 2, 4, 8

•	 A process known as gastrulation leads 
to the development of the gastrula 
stadium with 3 layers of cells, the  
ecto-, meso- and endoderm from which 
organs develop during organogenesis.

•	 ectodermal cells fold in through 
neurilation to become the brain and 
nerves.

•	 Mesoderm gives rise to musculature and 
skeletal elements and vascular system.

•	 endoderm gives rise to internal organs 
and inner ear.

3–4

gosner stages 11,  
15, 17
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although the time it takes for tadpoles to develop and metamorphose into juvenile frogs varies from about 3 
weeks to more than 2 years (depending on the species), the stages of development are similar for all species. 

days Illustration

•	 external gills develop and start  
to function.

•	 Tail develops.
•	 Tadpole frees itself from the capsule. 
•	 At first, tadpoles adhere to the substrate 

by means of an oral adhesive structure, 
but after 1–2 days they swim freely and 
begin feeding.

1

gosner stage 20

•	 external gills are replaced by  
internal gills.

•	 Keratonised mouthparts develop.
•	 eyes appear.
•	 Spiracle starts as a slit on the left side.

3

gosner stage 24

•	 Hindlegs start growing from a bud.
•	 Tubercles develop on feet. 
•	 forelegs develop inside the gill chamber.

10–14

gosner stages 26, 38 

•	 Alimentary and other internal organs 
develop.

•	 forelimbs break through skin.
•	 Keratinised mouthparts recede and mouth 

widens for terrestrial feeding.

35–40

gosner stage 42 

•	 Tail is fully absorbed. 42–70

gosner stage 46

TADpOLE DEvELOpMENT AND METAMORpHOSIS
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Survival adaptationS for eggS and tadpoleS
Shell-less eggs and tadpoles are constantly vulnerable to disease, aquatic predators such as fish and 
dragonfly larva, deoxygenated water and desiccation. Many species have evolved special adaptive behaviour 
to lessen these threats. Jelly surrounds the eggs as protective cushioning against shock and damage, and 
also to ward off bacterial or fungal attack. 

Family and genus Survival adaptation

ArthroleptidAe (pp.80–101)

Arthroleptis 
Squeakers

Eggs are laid in damp soil or leaf litter away from open water. Tadpoles develop 
terrestrially from egg to metamorphosis.

Leptopelis 
Tree Frogs

Eggs are laid in damp soil. Tadpoles are able to survive out of water while they make 
their way to water to develop.

BrevicipitidAe (pp.102–137)

Breviceps 
Rain Frogs

Eggs are laid in underground chambers. Tadpoles develop and metamorphose in the 
chamber, nourished only by the large egg yolk and without contact with open water, 
so that they are not exposed to aquatic predators or other hazards.

Probreviceps 
Primitive Rain Frogs Egg and tadpole development is similar to that of Rain Frogs.

BufonidAe (pp.138–197)

Amietophrynus 
Typical Toads

Large numbers of eggs (up to 20 000) are laid with the statistical probability that 
some will survive. Eggs are laid in strings of jelly, making it difficult for predators to 
take 1 at a time. Tadpoles may be distasteful to predators.

Poyntonophrynus 
Pygmy Toads

Eggs are laid in strings of jelly making it difficult for predators to take 1 at a time. 
Tadpoles may be distasteful to predators.

Vandijkophrynus 
Van Dijk’s Toads

Eggs are laid in strings of jelly making it difficult for predators to take 1 at a time. 
Tadpoles may be distasteful to predators.

Capensibufo 
Mountain Toadlets

Eggs are laid in strings of jelly making it difficult for predators to take 1 at a time. 
Tadpoles may be distasteful to predators.

Schismaderma 
Red Toad

Eggs are laid in strings of jelly around underwater vegetation. Tadpoles form  
dense swarms that may deter predators. Tadpoles have a specialised respiration  
flap on the head.

Mertensophryne 
Forest Toads

Eggs are laid in pools of water trapped in buttressed roots where there are  
few predators. Tadpoles have a specialised respiration system to survive in  
stagnant water.

heleophrynidAe (pp.198–215)

Hadromophryne
Cascade Frog

Breed in fast-flowing streams. Eggs are laid in shallow water or on damp soil next 
to water. Tadpoles are strong swimmers and have wide mouths adapted to cling to 
slippery rocks in strong currents while simultaneously feeding on algal growth.

Heleophryne 
Ghost Frog

Breed in fast-flowing streams. Eggs are laid in shallow water or on damp soil next 
to water. Tadpoles are strong swimmers and have wide mouths adapted to cling to 
slippery rocks in strong currents while simultaneously feeding on algal growth.

hemisotidAe (pp.216–223)

Hemisus 
Shovel-nosed Frogs

Eggs are laid in underground nests near water. Adults transport tadpoles to water 
where they develop further.

hyperoliidAe (pp.224–282)

Afrixalus 
Leaf-folding Frogs

Eggs are laid in folded leaf envelopes. Tadpoles dissolve the adhesive binding of the 
envelope and develop in open water.

Hyperolius 
Reed Frogs

Eggs are laid by different species in a variety of situations: some sandwich eggs 
between overlapping leaves, others deposit egg clusters on vegetation or attach them 
to underwater vegetation.

Kassina 
Kassinas

Eggs are attached individually to underwater vegetation. Tadpoles are narrow-bodied 
with deep fins to allow them to swim among thick protective aquatic vegetation. 
Tadpoles develop bright red tail fins in clear water to scare off predators.


