
dark spots (Fig.32c) and, in one specimen, a slightly mottled mid-dorsal band. This 

sample thus has characteristics of both verrucosus and tympcmifer-patt.Qms.

The variability of this character within the populations sampled strengthens the view 

that the subspecies verrucosus and iympanifer should no longer be recognised.

* Abdomen uniform off-white, or with brown mottlings on a yellow-white background 

(verrucosus pattern), or abdomen usually immaculate off-white, rarely faintly speck­

led (tympanifer pattern).

All populations show a yellow colouring on the throat which, in some specimens, ex­

tends backwards across the pectoral region to the anterior abdomen (Fig.4d). This is 

masked in darkly pigmented specimens in which the entire gular patch is black, and 

the yellow colouring is only apparent in the mottled pectoral region.

Mottling, where present, is concentrated in the anterior region of the abdomen. All 

populations exliibit varying degrees of mottling and speckling in the lateral and ante­

rior regions of the abdomen (Fig 4b&d). However, most specimens from Harding are 

immaculate white below with only three showing slight mottling laterally.

These characters are therefore of no diagnostic value in distinguishing between tym- 

panifer and verrucosus.

* A light line present runningfrom heel to heel over the vent, and nearly alwaysjoined 

by a light line running over the urostyle (tympanifer pattern).

This character is present in the Seymour, Stutterheim, and Lydenberg samples and ab­

sent in the Harding, Eshowe and Graskop samples, ie. it is associated with the tym- 

pannifer pattern. However, it also occurs to a varying extent in other species such as 

B. adspersus and B. mossambicus, and is thus of .little diagnostic value at the species 

level.
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FIGURE 32. Variation in dorsal colouration o f B. verrucosus males from: (a) 

Loc.45 (Seymour); (b) Loc.54 (Stutterheim); (c) Loc.6 (Eshowe); (d) Loc.27 
(Lydenburg I).
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5. Breviceps sylvestris FiizSimons 1930

5.1 M aterial examined

Thirty males from two populations were examined. Both subspecies, viz: B.s. syl­

vestris m dB .s. taeniatus are represented.

Loc. 15 (Houtbosdorp 2) 20 males sylvestris

Loc. 24 (Louis Trichardt 1) 10 males taeniatus

5.2 Diagnostic characters (Poynton, 1964 pp.75-76) (Fig.5a-b,)

Characters which differ in taeniatus are indicated in parentheses.

* Tympanum hidden.

The tympanum is indistinguishable in 11 specimens from both populations, ie. there 

are no surface features which allow one to distinguish it from the surrounding skin. 

All specimens bear tubercles on the tympanum, but in two sylvestris and two taenia­

tus specimens these tubercles are smaller and flatter than those surrounding the tym­

panum and the tympanic area is relatively distinct. In 15 specimens, although 

tubercles are present, the presence of the tympanum is indicated by a slightly raised 

anterior margin and smoother surface. However, this structure is certainly not as dis­

tinct as it is in S. verrucosus.

* Outer toe only ju st reaching basal tubercle offourth, falling fa r  short o f  second 

(reaches as fa r  as second in taeniatus).

In nine sylvestris specimens the outer toe barely reaches the proximal subarticular tu­

bercle of the fourth toe, while in 11 sylvestris and all 10 taeniatus specimens it reaches 

this tubercle but does not extend beyond it. Thus Poynton's observation that taeniatus 

has a relatively longer outer toe thaniy/vejVrn is not evident in these specimens.

* Dorsal surface granular, with a pronounced ridge commencing behind each eye, 

converging with its opposite as fa r  as the scapular region, then runningparallel to its 

opposite at a distance subequal to the width o f  the mouth as fa r  as the sacral region
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(glandular ridges do not converge markedly in taeniatus).

The granules are prominent with a deep central pit, similar to those of B. verrucosus. 

The texture of the skin between the glandular ridges is usually smoother than it is lat­

eral to the ridges. Laterally, the skin is densely granular in 15 specimens and granular 

in 15. Between the ridges the skin is granular in 18 specimens and smooth in 12.

A pair of glandular ridges are present in all specimens (Fig. 5a) but indistinct in two. 

Two pairs of ridges are present in three specimens: the inner pair are shorter and less 

prominent than the outer. In 14 sylvestris specimens the ridges converge markedly in 

the scapular region but in six specimens they converge only very slightly, In the tae­

niatus material the ridges run roughly parallel to one another in five specimens but 

converge slightly in five. This feature therefore has limited diagnostic value in distin­

guishing between the two subspecies,

* Abdomen smooth to slightly granular (slightly granular in taeniatus).

The surface of the abdomen is granular (23 specimens) to densely granular- (five spec­

imens), grading to smooth medially and posteriorly in 10 specimens, In two speci­

mens the entire abdomen is smooth. No difference was apparent between sylvestris 

and taeniatus in respect of this character.

* Dorsal pattern: median area between skin ridges sometimes with a few pairs o f  

light paravertebral patches, or more generally lighter than the rest o f the back, 

which is a uniform dark to light brown.Longitudinal glandular ridges coloured 

more darkly in younger specimens (in taeniatus, thick dark transverse lines lying 

in series down the back, pointing obliquely backwards and extending to the glan­

dular ridges; anterior part o f  glandular ridge also with black markings).

The area between the skin ridges is lighter than the rest of the dorsum in 16 sylves­

tris specimens and one taeniatus specimen. In all other specimens this area is nei­

ther lighter nor darker than the rest of the dorsum.

In 28 specimens light paravertebral and dorsolateral patches are present, which vary 

in size and conspicuousness. The light paravertebral patches alternate with darker
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markings forming, in some cases, an irregular mottled pattern with only a faint sug­

gestion of barring (Fig.5a). In other specimens the markings coalesce, forming more 

or less distinct light and dark transverse bars which point obliquely backwards 

(Fig.33a&b). This pattern is more obvious in the taeniatus specimens because the 

background colour is light brown in eight of the 10 specimens and the dark markings 

(black spots and blotches) contrast strongly against the light backgrounding.33a). In 

five taeniatus specimens the glandular ridge is darkened anteriorly.

In most of the sylvestris specimens the background colour is darker brown and the 

contrast is not as strong. However, the barred pattern is present to a varying degree in 

16 of these specimens (Fig. 3 3 b) and is thus not restricted to taeniatus, although its fre­

quency is higher in that taxon.

The degree of pigmentation varies considerably within the Woodbush population 

(Fig.33c&d). This population occupies closed canopy forest as well as the adjacent 

grassland, which may account for the great variation in markings and colouration.

* Angle o f jaw prominently light coloured.

The broad, light margin of the down-turned mouth imparts a clown-like appearance to 

the face, and is a distinctive feature of this species (Fig.34). This character is well de­

veloped in 23 specimens and less distinct in seven. In thr ee specimens which have a 

light gular patch, the lower margin of the "clowns mouth" is accentuated by a thin line 

of dark pigmentation.

* Abdomen mottled brown on yellow-white (irregular brown markings on a cream 

background in taeniatus).

It is assumed that "mottled brown"refers to confluent blotches o f colour whereas "ir­

regular brown markings"are more widely spaced. Ail the taeniatus and 11 of the syl­

vestris specimens are mottled while nine sylvestris specimens have more widely 

spaced, irregular brown blotches. The background colour of the abdomen is white in 

life and changes to cream or yellowish-cream after preservation.

197



FIGURE 33. (a) Dorsal markings in a male B..s. taematus from Loc.24 (Louis 

Trichardt 1); (b) Dorsal markings in a male B.s.sylvestris o f  an amplexing pair 

from Loc. 15 (Houtbosdorp 2): (c) Light pigmentation in a male B.s. sylvesiris 

from Loc. 15 (Houtbosdorp 2); (d) Dark pigmentation in a male B.s. sylvesiris 

from Loc. 15 (Houtbosdorp 2).
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FIGURE 34. Distinctive light border to the mouth o f  a male B.s.sylvestris from 

Loc. 15 (Houtbosdorp 2).

The diagnostic differences in abdominal markings and colour noted by Poynton 

are therefore not reflected in the material examined in this study. However, the 

mottled abdomen is of diagnostic value in distinguishing sylvestris and verrucosus 

from species that have an immaculate ventrum.



6. Breviceps poweri P arker 1934

6.1 M aterial examined

Forty males and one female specimen from Loc. 40 (Nampula) were examined.

6.2 Diagnostic characters (Poynton & Broadley, 1985 pp.525-526)(Fig.6a-b)

* Outer finger not reaching to barely passing proximal subarticular tubercle o f  

fourthfinger.

In all specimens the outer finger reaches or barely reaches the proximal subarticular 

tubercle of the fourth finger and never extends beyond it. The specimens therefore 

conform to this diagnostic character.

* Inner and outer metatarsal tubercles fused to form a single continuous flange in 

most specimens, but more or less separated by a cleft in specimens from various parts 

o f the range.

The inner and outer metatarsal tubercles are united in 27 specimens, separated by a 

shallow groove in 12 and by a deep cleft in two. The specimens therefore confonn to 

this diagnostic character.

* A series o f  3 to 6 dorsolateral patches present, which may be fused as an irregular 

light dorsolateral band.

Well defined bright yellow or cream dorsolateral patches are present in 40 individu­

als, but indistinct in one very dark specimen. This appear s to be a stable diagnostic 

character.

* A light pr'tch over urostylar tip, at intersection o f  a light heel-to-heel line and verte­

bral line which are usually present.

A narrow, light vertebral line extends forward to reach the head in 31 specimens but rs 

shorter in nine and absent in one. A light line running from heel-to-heel is present in 

40 and absent in one individual. At the intersection of the vertebral and heel-to-heel 

lines, a light patch is clearly developed in 13 specimens, indistinct in 21 and absent in
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seven. This character occurs at a lower frequency in other species, but even inpoweri 

it is too variable to be of significant diagnostic value.

* Gular region with a single uniformly darkened to marbledpatch, which is separated 

from the dark infraod' ;talpatch by a usually broad and uninterrupted light bandfrom 

upper jaw  to arm.

The specimens conform to the first diagnostic character state in that the gular region 

is uniformly dark brown to black in all male specimens and mottled in the female. 

However,with regard to the second diagnostic character state, the dark gular and in­

fraorbital patches are joined in 15 specimens and separated by a white stripe in 16. 

This stripe is broad in the female specimen and relatively nanow in males. Seven 

specimens show a combination of the preceding two character states.

7. Breviceps sp,

7.1 M aterial examined

Eight males from Loc.51 (St Lucia 1), one from Loc.53 (St Lucia 3) and six males 

fromLoc.22 (Komatipoort 2) were examined.

7.2 Morphology (Fig.25a-b)

A number of morphological characters are described below and their variability and 

potential diagnostic value is discussed.

* Tympanum.

The tympanum is not distinguishable.

* Length o f  outer finger.

The outer finger reaches the distal subarticular tubercle of the fourth finger in nine 

specimens and falls just short in one, while five specimens show a combination of 

these character states. This character distinguishes this species from B. poweri in 

which the outer finger is relatively short, but does not clearly separate it from B. ad- 

spersus or B. mossambicus.
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* Proximal subarticular tubercle o f  4th finger.

Not divided.

* Inner and outer metatarsal tubercles.

Hie inner and outer metatarsal tubercles are separated by a deep cleft in 10 specimens 

and by a shallow groove in four, while one specimen shows a combination of these 

character states. This character does not clearly separate this species fromB. adsper- 

sus orB. mossambicus.

* Length o f  outer toe.

The outer toe is a stub which falls just short of the basal subarticular tubercle of the 

fourth toe. This character does not separate B. sp. from adspersus, mossambicus or 

poweri, and is therefore of no diagnostic value.

* Light interocular bar.

The bar is present but indistinct in 12 specimens and not distinguishable in three. This 

character does not distinguish this se c ie s  from adspersus or southern populations of 

mossambicus.

* Light paravertebral patches.

These are present but indistinct in 13 specimens and absent in two. They are never 

clearly demarcated. This character state distinguishes this species fromB. adspersus, 

in which these markings are usuaUy very distinct and clearly demarcated, and from 

the northern Mozambique populations of B. mossambicus in which the markings are 

absent. However, this species could be confused with specimens from the southern 

populations of B. mossambicus in which the paravertebral and dorsolateral patches 

are indistinct.

* Light dorsolateral patches.

These are present but indistinct, and very faint in four specimens. The patches are 

fused in two specimens. The diagnostic value of these markings is the same as for the 

previous character.
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* Vertebral line.

This is absent in 10 specimens, and present posteriorly, but indistinct, in five spec­

imens from Komatipoort. Because of the variability of this character and and its 

presenc, t in other species such as adspersus and mossambicus, it is of no diagnos­

tic value.

* Heel to heel line.

This is absent in VI specimens and present, but indistinct, in four. Because of its 

variability in this and several other species, such as adspersus and mossambicus, 

this character is of no diagnostic value.

* Urostylarpatch.

Absent.

* Gular region.

This is uniformly dark in the nine specimens from KwaZulu/Natal. The Komatipoort 

sample is dark anteriorly and mottled posteriorly in four specimens, and entirely mot­

tled in two, Because of its variability in this and several other species, such as adsper­

sus and mossambicus, this character is of no diagnostic value.

* Dark infraorbital patch.

> continuous with the gular patch in seven specimens and separated from it by a 

v.u f 'ripe in five. Three specimens show a combination of these character baits. 

This •„ raracter shows a similar variability in other snecies, such as adspersus and 

mossambicus, and is therefore of no diagnostic value.

* Abdomen,

The ventnun is stippled or freckled laterally in nine specimens, while in four the 

markings form a band across the abdomen. In two specimens the abdomen is entirely 

stippled or freckled. While B.a. adspersus generally has an immaculate ventrum, 

speckling is present in B. a. pentheri. Some southern populations of mossambicus, eg. 

atMtunzini and Eshowe, are also lightly speckled or freckled below. This character is
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therefore of limited diagnostic value in separating B. sp. from adspersns and mossam- 

bicus.

* Skin texture.

The dorsum is densely covered in small granules, each bearing the opening of a gland 

at its apex; the ventrum is smooth. This character is of no diagnostic value in separat­

ing S. sp. from adspers: ■ '' the southern populations of mossambicus.

* Colour and markings.

The interocular bar, paravertebral patches and dorsolateral patches are light brown to 

cream. The dorsum medial to the dorsolateral patches varies from light golden brown 

to olive brown and greyish brown. Light pink patches in specimens from Komatipoort 

turned brown after preservation. Small dark speckles and spots are present and vaiy 

from very faint in three KwaZulu/Natal specimens, to distinct. Lateral (ventral) to the 

dorsolateral patches, the colour is light brown in 10 specimens and darker brown in 

five.

This species is veiy similar, in colour and markings, to certain specimens of mossam­

bicus from coastal KwaZulu/Natal and the eastern escarpment.
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DISCUSSION

1. The variability, function and differentiation of advertisement call
and call bout characters in the Breviceps populations sampled.

1.1 Introduction.

The primary objective of this study is to describe the structure of advertisement calls 

collected from a number of natural populations of Breviceps and to use these data to 

delimit genetical species in accordance with the Recognition Concept of species.

The mate recognition function of the advertisement call is undisputed and it is gener­

ally accepted that frog calls are species specific. Numerous studies have confirmed 

that species differ in the selectivity of femal js with respect to particular acoustic prop­

erties, while there is also evidence that some call characters have little or no relevance 

in the context of mate recognition (Gerhardt 1988:478). In many instances it has been 

found that recognition invol ves a combination of several call characters and that the 

relative importance of these characters differs from one frog species to another (Intro­

duction, 4.5). Therefore, one cannot be sure that one has successfully identified the 

characters of the SMRS, without conducting phonotaxis experiments, ie. "the call 

property or properties that are important cannot be determined unequivocally from 

field investigation alone" (Gerhardt, 1988:476).

Nevertheless, many cryptic species have been recognised and described primarily on 

the basis of differences in advertisement call structure (eg.Boycott, 1982; Channing, 

1986; Passmore & Carruthers, 1975; Ferret, 1985) without supporting evidence or 

verification by way of call discrimination experiments. Some of these species possess 

less obvious behavioural and/or morphological differences, which confirm then spe­

cific status. The number and extent of differences in the call, and the maintenance of 

these call differences in areas of sympatry with congeners are other factors which may 

indicate that a separate, stable SMRS has evolved.
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An investigation of the mate recognition function of advertisement cail characters of 

Breviceps by means of call discrimination experiments was not attempted in this 

study because amplexing pairs are seldom encountered. Also, receptive females in 

amplexus cannot be separated from the male without inflicting considerable trauma 

on both partners owing to the sticky secretion bonding them together. Unmated recep­

tive females are difficult to find as they are silent and possess cryptic colouration and 

markings. It is likely that receptive females mate quite soon after approaching a group 

of calling males: eg. in Hyperolhis mamoratas this period was estimated to be 15 

minutes (Bishop, 1994).

Although it is not possible to identify with absolute certainty the call characters re­

sponsible for recognition in the Breviceps spp. studied, or to rank them in order of im­

portance, several advertisement call and call bout characters exhibit a relatively high 

degree of stability within and between populations of the Breviceps spp. sampled. 

Thii) is attributed to the co-adapted nature of the sender-receiver signalling system 

involved in mate recognition and supports the assertion that the SMRS plays a 

fundamental, cohesive roly in genetical species. Other characters show greater varia­

bility and are therefore less likely to be important in mate recognition.

The call data reveal the presence of six groups which differ significantly in advertise­

ment call structure. These groups are taken to represent genetical species, five of 

which are presently recognised, while one is an undescribed cryptic species, morpho­

logically indistinguishable from certain of its congeners. The logical premises implic­

it in the Recognition Concept of species, and experimental evidence of the function of 

the advertisement call and its components in other frog species, support this interpre­

tation of the call data. Four of the 62 populations sampled exhibit anomalous features 

which are taken to indicate the presence of hybrids.

The variability of the call bout and call characters, their relative importance in mate 

recognition and the differentiation of these characters among the Breviceps spp. sam­

pled, is discussed below. Unless specified, figures and statistics quoted refer to unad­

justed data.

2 0 6



1.2 Call bout characters.

1.2.1 Bout duration.

This character is highly variable and seems, from field observations, to be positively 

correlated with chorus intensity. However, since the latter was not measured, this 

correlation cannot be confirmed. It is considered unlikely that bout duration has a 

mate recognition function.

The call bouts of sympatric B. mossambiciis and B. poweri in northern Mozambique 

are of similar duration and considerably shorter than those ofPietersburgB. adsper- 

sits.B. verrucosus produces, on average, markedly longer call bouts than B. sylvestris.

1.2.2 Call rate,

This character varies with air temperature (r = 0.64 for B. adspersus1, r = 0.60 for B, 

sylvestris) and also appears to be positively correlated with chorus intensity (field 

observations). B. adspersus, B. mossambicus &B. sylvestris males were observed to 

increase their call rate when approached by females.

The relatively high coefficient of variation for call rate in S. adspersus 8c B. mossam­

bicus may be partly due to the presence of both single and grouped calls in the call 

bouts of these species: since the call intervals between single calls, call groups and 

calls within a, group differ significantly, the call rates of bouts will vary according to 

the percentage of grouped calls they contain. In B. poweri, on the other hand, almost 

all of the calls are grouped and the call groups are relatively large: this minimises the 

effect of the difference between the call interval between call groups and the interval 

between calls within the group. Thus the coefficient of variation for call rate in poweri 

is relatively s nail compared to that of adspersus and mossambicus.

In species which group their calls it is unlikely that the call rate for the bout as a whole 

has a mate recognition function. The call rate within call groups is a more stable 

character, as evidenced by the relatively low coefficient of variation of the call 

interval within groups (see 1.2.4 below). In the species which do not group their calls.
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call rate is also relatively variable.

Although call (repetition) rate has not been implicated in mate recognition by means 

of call discrimination experiments (Introduction: 4.5.2), it may serve this function in 

some species. The present study shows that call repetition rate is the only call charac­

ter which clearly separates Breviceps verrucosus from B. sylvestris (a difference in 

call duration is also present but there is an overlap in the range of this character in the 

two species). Thus, if  these two allopatric taxa are indeed separate taxa, it is possible 

that call rate is implicated in mate recognition in these Breviceps spp.

Call rate appears to be fairly well differentiated among the species sampled. Allowing 

for the effect o f temperature (mean air temperature in parentheses), it ranges from 22 

min'1 (at 14.8 °C) in B. verrucosus, and 23 min"1 (at 19,3°C) in B. sp., to 63 min"1 (at 

15.7°C)in B. adspersus, 69min"1 (at 13.1 °C)in B. sylvestris, 106min"1 (a t26.9°C) 

in B, mossambicus and 175mm'1 (at 25.5 0C )inB.poweri.

1.2.3 The grouping of calls and the percentage of grouped calls.

Three species, all o f which have calls of relatively short duration, viz: B. adspersus, B. 

mossambicus and B. poweri, group then calls within the call bout but differ in the per­

centage of calls grouped and in the size of the call groups (Fig. 35). While adspersus 

and mossambicus exhibit a fairly high degree of variation in the percentage of calls 

grouped, B, poweri males gr oup 94-100% of their calls (Table 43). Hie grouping of 

calls also appears to be positively correlated with chorus intensity (field observation), 

Despite its variability, this character usually enables one to distinguish these species 

easily and accurately in the field. 5. verrucosus, B. sylvestris and B. sp., which pro­

duce calls of relatively long duration, never group then calls.

The variability of these characters suggests that they do not play an important role in 

mate recognition. However, it is possible that they form part of a suite of characters 

recognised by the female, or that they function in male-male interactions.
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Ln spite of their variability within species, these call bout characters are fairly well 

differentiated among the species sampled. Perhaps the shortening and grouping of 

calls on the one hand, and the lengthening of ungrouped calls on the other, repre­

sent alternative strategies for increasing their attractiveness to females.

1.2.4 Call interval.

In the species which group their calls, the interval between single calls, call groups, 

and between calls within a call group differs considerably. Within each of these cate­

gories of call interval, variation is relatively low: in B. poweri the coefficient of varia­

tion in the call interval within call groups is 8.4 (Table 43), while in adspemts and 

mossambicusitislO.l and 23.1 respectively (Tables 1 & 13). Call interval varies to a 

similar extent in the species which do not group their calls: eg. the coefficient of varia­

tion is 12.8 inS. verrucosus (Table 39) and20.7 ini?, sylvestris (Table 42).

Call interval is negatively correlated with air temperature: eg. correction of the ad- 

spersus data results in a reduction of the coefficient of variation from 20.7 to 15.9 

(Table 4).

While call interval has not been specifically linked to mate recognition in other frog 

species, the relative stability of this character in species such as poweri, adspersus & 

verrucosus suggests that it may be involved in mate recognition or in male-male inter­

actions.

Among the species that group their calls, the mean call interval within groups is short­

est inpoM>eri (0.24s), longer in mossambicus (0.27s) and longest in adspersus (0.54s). 

Call interval is longer in the other species: 0.88s in sylvestris and 2.16s in verrucosus. 

Thus this character has also undergone considerable differentiation in some of the 

species sampled.
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1.3 Advertisement call characters.

1.3.1 Dominant frequency.

Of all the call characters analysed in this study, dominant frequency has the lowest 

coefficient of variation: this is further reduced by correction of the data to a common 

body mass, due to the lit gative correlation which exists between these two variables. 

This character is also the least variable call character in Acris crepitans, and Ryan 

(1988) has suggested that spectral characters are more conservative than temporal 

characters because they are primarily under morphological (passive) control rather 

than behavioural orphysiological (active) control.

In the Breviceps spp. sampled, the dominant frequency of the call falls within the 

range of the basilar papilla, ie. above 1,2kHz (Zakon & Wilczynski, 1988). Phonotax- 

is experiments involving several frog species in which the call falls within this fre­

quency range, have shown that females prefer calls in which the frequency is closest 

to the population mean (Introduction, 4.5.3). In these species the receptors of this pa­

pilla are tuned to a narrow range of best frequencies which correspond to the mini­

mum SPL required to elicit a response. However, as SPL rises, the receptors respond 

over an increasingly broader frequency range. Thus the species specificity of the fre­

quency component of the advertisement call seems to be more important at a distance 

(low SPL) whereas at close quarters the female's preference is influenced to a greater 

extent by the relatively higher SPL.

On the basis of a variety of four-choice phonotaxis experiments, Bishop et d . (1995) 

suggest that in a small natural chorus, females o f Hyperoliits inamoratas are unable 

to identify the loudest male in the group, provided that the majority of males' calls fall 

within the normal inter-individual SPL range of 5-6dB. They conclude that the large- 

male mating advantage observed by Telford et al. (1989) in small choruses is based on 

the females' ability to perceive differences in dominant frequency, a character linked 

to body mass. In large choruses no large-male mating advantage has been observed. It 

is probable that at close quarters SPL overrides female preference based on frequency 

and a two-choice situation develops in which females are attracted to the louder
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signal, which is usually the closer male. In this species, the only trait that predicts 

male mating success in the field is call rate (Passmore et al. 1992), and this is not 

linked to body size. Once the male becomes aware of the female's presence (visual 

cues) he may increase the attractiveness of his call by increasing the call rate.

It is therefore possible that in Breviceps, dominant frequency has an important mate 

recognition function at the periphery of the chorus but that as the female nears the 

males she is attracted to the louder and/or faster call. Females ofB. verrucosus, B. syl- 

vestris and B. sp. that sometimes call from elevated positions have two possible ad­

vantages over males calling from the surface: they may minimise the attenuation and 

degradation of their calls and maximise the range, and they might also notice ap­

proaching females earlier than males calling from the surface.

Little differentiation in respect of dominant frequency has taken place among the 

Breviceps species sampled, with the exception of 2?. sp. in which the mean fr equency 

of3237Hz (mean body mass: 2,02g), is 750Hz higher than that of the southern popu­

lations ofB. mossambicus (2480Hz; mean body mass: 2.3 9g). The dominant frequen­

cy of southern mossambicus populations, when adjusted to the mean ? the

northern populations (8.14g) is very similar (1856Hz and 1835Hz respectively). 

These mean frequencies are not far removed from those of adspersus (1743Hz; 

6.43g), verrucosus (1830Hz; 9.04g), s y /m tra  (1741Hz; 7.24g) and poweri (1728Hz; 

6.89g), even when the differences in mean body mass are taken into consideration.

The absence of marked differentiation in dominant frequency among several of the 

Breviceps species does not preclude this character from forming part of the SMRS. 

The members of a suite of SMRS characters may differentiate at different rates: it is 

their combined effect which ultimately determines whether or not a speciation event 

has taken place. Ryan (1988) found that call characters in Kassina and Smilisca have 

undergone mosaic evolution, with characters changing at different rates.

1.3.2 Call duration.

This temporal call variable is negatively correlated with air temperature, a factor
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which tends to obscure its relative stability. For example, in B. adspersus, the coeffi­

cient of variation for call duration is reduced from 17,97 to 13.53 when the data are 

adjusted to a common aii temperature of 18°C. Allowing for the effect of temperature, 

the variability of this character is relatively low in all the other species. The high co­

efficient o f variation (39.21) for call duration in the combined southern populations of 

B. mossambicus (Table 31) is probably due to the wide temperature range (7.4 - 

29.5°C) over which the data were collected. Correction of these data to a common 

temperature would reduce the variability considerably: this was not possible because 

the samples off?, mossambicus (northern sample) and. S. verrucosus didnotyield sig­

nificant correlation coefficients.

The relative stability of this character suggests that it too functions in mate recogni­

tion. However, most frog species investigated by means ofphonotaxis experiments do 

not appear to discriminate between calls on the basis o f their duration (Introduction: 

4.5.2). In those species that do show a preference for normal calls, this preference is 

SPL dependent. A few species show a preference for longer calls. In Bombina bombi- 

na, B. orienialis and R am  temporaria the call must have a minimum duration in order 

to elicit a response, but beyond this, duration does not appear to affect recognition 

(Walkowiak, 1988).

In these Breviceps species, there is considerable differentiation in call duration: this is 

a useful aid to identification in the field. Calls increase in duration from mossambicus, 

through poweri, adspersus, sylvestris, and verrucosus to B. sp, The uncorrected call 

duration data of species with pulsed calls, and the ranges in ah  temperature are illus­

trated m Figs 36 & 37 respectively.

An analysis of the evolution of call characters in the genera Kassina and Smilisca 

(Ryan, 1988) suggests that temporal characters, which are under behavioural and 

physiological (active) control are less conservative than spectral characters, which 

are determined by morphology (passive control). Similarly, in Breviceps, greater di­

vergence is observed in call duration and number of pulses than in dominant frequen­

cy. Tills connection, if it indeed exists, has not been satisfactorily explained.
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1.3.3 Number of pulses.

In the four species that modulate the amplitude of their calls, this temporal variable is 

not correlated with air temperature and is relatively stable. B. adspemis, B. sylvesiris 

and the northern populations off?, mossambicus are less variable with respect to this 

character than are B. verrucosus and the southern populations of B. mossambicus. 

The masked amplitude modulation in the call of B. poweri (Results: Advertisement 

calls, 6.2.2; Fig. 24) is an interesting phenomenon which invites further investigation.

Several species of Hyla are able to differentiate between pulsed and unpulsed calls, 

and it has been shown that in this respect the basilar papilla is more sensitive than the 

amphibian papilla (Introduction, 4.5,2). There is therefore a strong possibility that 

amplitude modulation forms part of a suite o f mate recognition characters in Brevi- 

ceps.

While the effect of varying the number of pulses has not been investigated experimen­

tally, shortening of tire duration of the call while maintaining the pulse rate necessari­

ly reduces the number of pulses. Such experiments therefore simultaneously test the 

effect ofvariation in duration and pulse number.

Ryan (1988) notes that fiogs which use the basilar1 papilla encode species recognition 

in temporal characters rather than spectral characters. It is therefore interesting that 

the call off?, sp. contains no temporal parameters other than call duration, a rather var ­

iable character, hr this species, dominant frequency may be the main call character fa­

cilitating mate recognition.

The species of Breviceps with amplitude modulated calls are well differentiated with 

respect to the number of pulses in the call (Figs 7&8).

1.3.4 Pulse rate.

This call char acter' is also positively correlated with temperature. Correction of tire 

data to a common temperature o f 18°C reduces the coefficient of variation considera­

bly (Figs 38 & 39). For example in adspersus it drops from 22.41 to 13.81, in southern
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mossambicusirom2S.l\ to 18.86, in verrucosus from 12.51 to 10.19 and in sylvestris 

from 25.12 to 6.89.

The relative stability of this character suggests that it also forms part of the SMRS. 

Pulse rate has been implicated in mate recognition in a number of other frog species 

(Introduction, 4.5.2). Since Breviceps calls fall within the range of the basilar papilla, 

temporal characters are likely to be more important than spectral characters in encod­

ing species recognition (Ryan 1988).

The species of Breviceps sampled in this study do not exhibit marked differentiation 

in respect of pulse rate, unlike many other genera, where pulse rate is highly differen­

tiated and has an important mate recognition function. Although the calls of Brevi­

ceps species that occur in sympatry or parapatry, eg: southern mossambicus and 

verrucosus', southern mossambicus and sylvestris; and adspersus and sylvestris, do 

not differ significantly in pulse rate, they have differentiated in respect o f duration 

and/or dominant frequency.

The absence of marked differentiation in pulse rate does not preclude this character 

from forming part of the SMRS: on the contrary, its stability suggests that this is the 

case.
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2 . Taxonomic implications of the advertisem ent call data and

m orphology.

2.1 Breviceps adspersus

2.1.1 B.a. adspersus

Populations assigned to this taxon occupy semi-arid woodland habitats with sandy 

soils in the Northern Province and Mpumalanga. The assumption that these popula­

tions are conspecific is based on strong similarities in advertisement call structure and 

the absence of significant inter-population variation. Hybridization is suspected in 

three adjacent population samples in KwaZulu/Natal (Loc. 16: Ingwavuraa and Loc. 

49&50: Sihangwane 4&5, see 3.1 below), in which the advertisement call structure is 

unusually variable, but all other population samples are comparatively homogeneous.

The advertisement calls o f B.a. adspersus and 5. mossambicus are similar in that they 

are both pulsed, grouped within the bout and have similar dominant frequencies and 

pulse rates. However, B.a. adspersus is clearly differentiated from the northern and 

southern populations of B. mossambicus with regard to call duration, the number of 

pulses in the advertisement call, the percentage of grouped calls and the size of call 

groups within the call bout. These differences are quite obvious in areas of parapatry 

along the eastern escarpment of South Africa and Swaziland. The advertisement call 

data therefore support the prvscnt taxonomic status of B. a. adspersus.

In morphology, B. adspersus can be distinguished from the northern Mozambique 

mossambicus populations by their light dorsal markings, but not from the southern 

coastal and escarpment populations. None of the other "diagnostic" morphological 

characters examined in this study, viz: the relative length of the outer finger, relation­

ship between the inner and outer metatarsal tubercles, pigmentation of the gular 

patch, and presence or absence of continuity between the gular and interorbital patch­

es, clearly distinguishes these two species fr om one another or fr om the B. sp. nov. 

Thus, at present, these species are separated solely on differences in advertisement 

call s tincture.
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2.1.2 B.a. pen the ri

The small sample of advertisement calls from populations in the Eastern Cape Prov­

ince differs somewhat from the B. a. adspersus samples in having fewer pulses and a 

shorter duration, but the ranges of these variables overlap. There is therefore insuffi­

cient justification for recognising these populations as a separate species. The taxon 

B. a. pentheri is therefore retained but its distribution is restricted to the Eastern Cape 

Province.

it must also be noted that the advertisement call of B. a. pentheri is, in some respects, 

intermediate between B. a. adspersus and B. mossambicus. The relationship between 

pentheri and these other taxa therefore requires further investigation.

Populations from the eastern escarpment of KwaZulu/Natal, Swaziland and Mpuma­

langa which were previously referred to B. a. pentheri ar e, on the basis of advertise­

ment call structure, referred to B. mossambicus.

B. a. pentheri differs morphologically from B. a. adspersus in having a more granular 

skin and a freckled chest ar>' ’ sen. Other characters examined proved to be of no

diagnostic value in separating tue two subspecies. However, none of these characters 

has significant diagnostic value in separating pentheri from the coastal and escarp­

ment populations of mossambicus. A study of populations in the areas between the 

known ranges of pentheri, adspersus, and mossambicus is needed in order to shed 

more light on the relationships between these taxa.

2.2 Brevlceps mossambicus

Northern populations of this species from the type locality (Mozambique Island) and 

the adjacent mainland have markedly similar advertisement cdls and are clearly con- 

specific.

Similarly, southern populations from coastal KwaZulu/Natal and the eastern escarp­

ment of South Africa and Swaziland are considered to be conspecific on the basis of
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similarity in advertisement call structure, in spite of considerable variation in size, 

skm texture, colouration and markings (Figs 17,29&30). The observed morphologi­

cal differences are probably due to crypsis: i.e. they represent adaptations to the col­

our, texture, pattern and illumination of the substrates and surrounding topography of 

their various habitats.

Three populations in KwaZulu/Natal, viz: Jozini, Mkuze and Durban, have slightly 

different calls (see 3.2, below). However, in most respects these calls resemble those 

of B. mossambicus, and the populations are therefore assigned to this taxon.

F!;’ * s study also shows that, after correction of the call data to a common temperature 

and mass, the southern populations are indistinguishable from the northern popula­

tions with regard to advertisement call structure, and are therefore conspecific with 

northemB. mossambicus.

Since the southern populations of mossambicus possess lighter markings previously 

regarded as characteristic of adspersus, these morphological characters now have no 

diagnostic value. Other morphological characters regarded by Poynton & Broadley 

as diagnostic of mossambicus are shown, in this study, to be of little value in distin­

guishing between mossa/n6zci/s, adspersus andS. sp. nov.

The southern populations of B. mossambicus may he sufficiently distinct from the 

northern populations, morphologically, to justify the erection of a subspecies. How­

ever, it is not presently known whether this morphological differentiation is the result 

of a geographical barrier such as, e.g. the Zambezi River, or whether the variation is 

clinal in nature. It is necessary to obtain samples from the intervening area before sub- 

? i ;ecific status can be assigned to the southern populations.

2.3 Breviceps poweri

In Nampula (Loc.40), this species occurs in sympatry with#, mossambicus. The calls 

of the two species are very different and little variability is present within each popu­
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lation. Calls recorded from a population of poweri in Zambia, 1450km WNW of 

Nampula, by Prof. A. Channing, do not differ significantly from the Nampula sample.

The advertisement calls are characterised by being impulsed and are emitted in rela­

tively large groups within thi vail bout. The call data confirm that B. poweri is a valid 

genetical species with a wide distribution. No evidence of hybridization between 

poweri and mossambicus, poweri and adspersus, or mossambicus and adspersas was 

found in any of the call samples from northern Mozambique.

The relatively short outer finger and distinct dorsolateral patches are strong diagnos­

tic characters which distinguish poweri from adspersus and mossambicus. The light 

urostylar patch is a less consistent character than indicate* ' by the specimens at the 

disposal of Poynton & Broadley, and is therefore of less diagnostic value. Similarly, 

the presence of a single continuous flange formed by the fusion of the metatarsal tu­

bercles will identify some, but not all, poweri individuals.

Morphological similarities, the grouping of the calls and the presence of masked puls­

es in the advertisement call o f poweri (Results, 6.2.2; Fig.24) suggest that this species 

is closer, phylogenetically, to adspersus and mossambicus than to the other species 

dealt with in this study.

2.4 Breviceps verrucosus

This species is easily distinguished from the previous three species on the basis of its 

long, ungrouped advertisement call. On the other hand, the calls of verrucosus and 

sylvestris are quite similar, differing in call rate and duration, with some overlap in the 

ranges of the latter character.

Morphologically, verrucosus is characterised by a relatively longer outer toe than all 

of the other species studied, except syl vestris, where there is some overlap in the range 

of this character. The tympanum is more distinct in verrucosus than in sylvestris, and 

is, with very few exceptions, indistinguishable in individuals of the other species, The
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presence of glandular, dorsal ridges also distinguishes verrucosus and sylvestris from 

the other species.

The variation in colouration and markings of different populations, which has result­

ed in the recognition of the subspecies B.v. verrucosus andS.v. tympanifer, is attribut­

ed to crypsis in the wide range of habitats occupied by this species, viz: coastal bush, 

closed canopy forest and montane grassland. There appears to be no justification for 

the recognition of these two subspecies.

The range of B. verrucosus is extended northwards as far as the Blyde River Canyon, 

south o f the Olifants river.

2.5 Breviceps sylvestris

This species appears to be closely related to B. verrucosus, both in morphology and 

advertisement call structure. The advertisement calls of the two species differ in call 

rate and call duration although there is some overlap in their ranges with regard to the 

latter character. Since they were not found in sympatry it was not possible to confirm 

their specific status on this basis. In view ofthe relatively small differences in their ad­

vertisement calls, it could be argued that B. sylvestris is no more than a northern sub­

species o f B. verrucosus. Further investigation is therefore necessary in order to 

explore this possibility.

B. sylvestr * is characterised by a slightly shorter toe than B. verrucosus, and a less 

distinct tympanum, but shares many of the char acters which distinguish verrucosus 

from the other species. Among these are the glandular- ridges on the dorsum, the deep­

ly pitted granules, the mottled ventnun and the yellow pigmentation of the gular patch 

and pectoral region.

The advertisement calls of the subspecies B.s. sylvestris and B.s. taeniatus show no 

significant differences, Furthermore, the diagnostic morphological characters sepa­

rating the two subspecies, viz: the presence in taeniatus of transverse dorsal bars, and
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the alignment o f the glandular ridges, are of limited value. The subspecies are re­

tained in view of their allopatric distribution and slight morphological differentiation.

2.6 Breviceps sp.

This study reveals the existence of an undescribed cryptic species of Breviceps. The 

advertisement call differs markedly from those of all other species in the area sam­

pled. It is characterised by a relatively high dominant frequency, long duration and is 

unusual in that it lacks temporal partitioning of the sound energy into pulses and call 

groups.

Morphologically, this species is indistinguishable from southern B. mossantbicus, 

but can be separated from B. a. adspersus and B. poweri by the stippled or freckled 

ventrum. Also, adspersus and poweri have more distinct paravertebral and dorsolater­

al patches respectively.

Tins species occupies a variety o f habitats, viz: coastal forest, mil, moist montane for­

est and dry, mixed woodland, and therefore it cannot be distinguished on the basis of 

habitat preferences.

3. Evidence o f  hybridization between the species sam pled .

3.1 Localities 16 (Ingwavnma), 49 & 50 (Sihangwane 4 & 5).

These samples, assigned to B.a. adspersus, shows an unusually high coefficient of 

variation in call duration and the number o f pulses. Some individuals give short, 

grouped calls similar in every respect to B.a. adspersus, while others give longer, un­

grouped calls. Since hybrid advertisement calls are usually intermediate between 

those of the two parental populations, and assuming that one o f the parental species is 

B.a. adspersus, it is possible that the individuals giving the longer, ungrouped calls 

are hybrids between B.a, adspersus and a species that has even longer, ungrouped 

calls. The only species that fits this description is B. verrucosus. Populations of B. 

verrucosus were not encountered in the immediate vicinity: the closest population of
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verrucosus sampled in this study was at Eshowe, 200km south of these localities.

Morphologically, the specimens resemble B.a. adspersus, except that in 4 individ­

uals, one iris is golden (as in adspersus), and the other, dark brown (as in verruco­

sus).

3.2 Localities 35 (Mkuze), 17 (Jozini 1) & 5 (Durban).

While these samples have a similar dominant frequency to the other coastal popula­

tions o f B. mossambicus, the number of pulses and duration of the advertisement call 

are somewhat intermediate between that of adspersus and mossambicus (Fig.40). 

Also, the grouping of the calls within the call bout is intermediate between that of ad­

spersus and mossambicus (Fig.41 cf. Fig.35a&b). It is interesting that although the 

body mass in the Mkuze sample is almost twice that of the Jozini sample, the mean 

dominant frequency of the former is actually higher (2383Hz) than that of the latter 

(2242Hz). This is not what one would expect considering the correlation which exists 

between body mass and call frequency. It is possible that these populations contain 

hybrids between adspersus and mossambicus.
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3.3 General rem arks.

Apart from the examples cited above, all other populations are relatively homogene­

ous with regard to advertisement call structure and do not show signs of hybridisation. 

These data do not, therefore, support the hypothesis that extensive hybridisation oc­

curs between adspersus and mossambicus in northern Zululand.

Geographic variation in other frog species has been attributed to habitat differences, 

environmental dines and geographical isolation (eg. Ryan & Wilczynski, 1991). 

Since most of the Breviceps species sampled in this study occupy a wide range of hab­

itats, and ar e relatively non-vagile, a certain amount of geographical variation is to be 

expected, even in call str uctur e. It is therefore possible that the geographical variation 

observed in some populations of B. adspersus and B. mossambicus may be due to ge­

netic divergence rather than hybridization.
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4. Synopsis.

This study advances our knowledge of the taxonomy and distribution of members of 

the genus Breviceps in the following ways:

* A detailed description of the structure of the advertisement calls of six Breviceps 

spp. is provided for the first time.

* An undescribed, cryptic species of Breviceps is discovered.

* B. adspersus and B. mossambicus are characterised on the basis of advertisement 

call structure: the data do not support the hypothesis (in litt.) that extensive hybridisa­

tion between these species occurs.

* The taxon B. a. pentheri is retained pending further investigation, but its distribution 

is restricted to the Eastern Cape Province.

* Island populations of B. mossambicus in northern Mozambique are shown to be 

conspecific with adjacent mainland populations.

* Breviceps populations in KwaZulu/Natal and along the eastern escarpment are 

shown to be conspecific with the northerns, mossambicus populations.

* The specific status of S. poweri is confirmed: it has a unique advertisement call and 

shows no signs of hybridisation with the sympatric mossambicus population.

* Several species ar e found to occupy a wide variety of habitats and to exhibit con­

siderable variation in colouring andmarkings.

* The recognition o f the subspecies B.v. verrucosus and B, v. tympanifer is not sup­

ported by the data.

* B, verrucosus and B. sylvestris are shown to be closely related, and possibly con­

specific.

* The data indicate that a var iety of call characters may be involved in mate recogni­

tion in these Breviceps spp., and that during speciation some characters have diverged 

while others have remained relatively unchanged.

This study of the advertisement calls o f Breviceps has added a behavioral perspective 

to the taxonomy which has previously been based almost entirely on morphology. 

The specific-mate recognition function of the call certainly makes it a good
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taxonomic character at the species level but, in the absence of phonotaxis experi­

ments, the variation in advertisement call structure between populations sometimes 

presents the taxonomist with the same kind of dilemma as does morphological 

variation - indecision as to what kind and degree of difference in the call indicates that 

a speciation event has taken place.

The advertisement calls in some Breviceps species are quite distinct while others 

seem not to have diverged very far from one another. Certain call characters are more 

stable than others, suggesting that they have a more important recognition function. 

These characters show the least variation within populations but some variation 

between populations was found.

In cases where the calls are clearly differentiated it is easy to justify the recognition of 

separate species but sometimes the situation is not as clear. Such instances require 

more extensive sampling, electrophoretic evidence and experimental work involving 

phonotaxis, before a clearer picture will emerge and an informed decision can be 

taken.

This study of advertisement call structure in a number of Breviceps populations illus­

trates the interplay of chance and necessity in biological systems. The element of 

chance, embodied in phenomena such as mutation and genetic recombination and tai­

lored by natural selection, produces geographic variation in advertisement calls 

which may ultimately lead to a speciation event. At the same time, the stability of ad­

vertisement call characters at the population and species levels is a consequence of the 

necessity that mate recognition be facilitated by an efficient, co-adapted system.
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APPENDIX A

P O P U L A T IO N  L O C A L IT IE S:

Specimens, calls, or aural records referred to in the text o f this thesis were collected at the 

localities listed below. In some instances, populations of more than one species were 

present at the same locality. Each locality description comprises: nearest town (distance 

and direction in parentheses) and/or place name; Province or, if  outside South Africa, 

Counhy; specific site details; grid reference and altitude (taken from the South Africa 

1:50 000 Topographical Map series); veld type of the region in general (Acocks, 1988), 

followed, in parentheses, by a structural description of the vegetation (following Ed­

wards, 1983) at the site; and slope (gentle = 0-15°; moderate = 16 - 30°; and steep = > 

30°).

1. Addo Elephant Park, Eastern Cape; in the vicinity of the boom at the main en­

trance to the Park; 33'S 25° 41 'E; alt. 40m; Valley bushveld (low thicket); sandy soil; gen­

tle slope.

2. Belfast, Mpumalanga; NW perimeter of town; 25° 41'S 30° 02'E; alt. 1850m; North­

eastern sandy highveld (low closed grassland); sandy loam soil between scattered doler- 

ite boulders; gentle slope,

3. Burchenough Bridge (30 Km W), Zimbabwe; roadside; 19° 55'S 32°E; alt. 750m; 

Mopani veld (grassy tall closed woodland); sandy soil in rocky terrain; gentle slope.

4. Dullstroom (18Km N), Mpumalanga; roadside at highest point on the 

Steenkampsberg; 25° 15'S 30° 07'E; alt. 2200m; North-eastern sandy highveld (low 

closed grassland); sandy loam; moderate slope.

5. Durban, KwaZulu/Natal; University of Natal campus; 29° 51'S 31°E; alt. 80m; 

Coastal forest and thomveld (cultivated lawns and gardens); sandy loam; gentle slope.
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6. Eshowe, KwaZuJuZNatal; residential gardens and parks; 28° 53'S 31° 28'E; alt. 

530m; Ngongoni veld (cultivated lawns and gardens, and low closed grassland); sandy 

loam; no slope.

7. Grahamstown, Eastern Cape; rocky slopes on eastern perimeter and the botanical 

gardens; 33° 18'S 26° 32’E; alt. 550m; False macchia (short closed shrubland and short 

closed grassland); sandy loam; moderate slope.

8. Graskop 1 (1 OKmN), Mpumalanga; Paradise Camp; 24° 52'S 30° 52'E; alt. 1550m; 

North-eastern mountain sourveld (short closed grassland with patches of short forest); 

sandy loam soil; gentle slope.

9. Graskop 2 (34KmN), Mpumalanga; Bomke's Luck Potholes; 24° 40'S 30° 48'E; alt. 

1150m; North-eastern mountain sourveld (grassy tall open shrubland); sandy loam soil 

between scattered quartzite outcrops; gentle slope.

10. H aenertsburg 1 (6KmNNE), Northern Province; farm Goedvertrouwen; 23° 53'S 

29° 57'E; alt. 1480m; North-eastern mountain sourveld (tall moist forest and short closed 

grassland); clay loam soil; moderate slope.

11. Haenertsburg 2 (13Km SE), Northern Province; Serala Wilderness Area; garden 

of forestry station on farm Klipdraai, and in Seralakop indigenous forest; 24° 03'S 30° 

01'E; alt. 1520m; North-eastern mountain sourveld (short closed grassland and tall moist 

forest); clay loam soil; moderate slope.

12. Harding, (16Km W), KwaZulu/Natal; leaf litter on roadside and adjacent forest 

floor in Wesa Forest Reserve; 3 0° 32'S 29° 42'E; alt. 1200m; Ngogoni veld (tall moist for­

est); clay loam; steep slope.

13. Hoedspruit (28Km SW), Northern Province; farm Chester; 24° 29'S 31° 01'E; alt. 

1100m; Arid lowveld (grassy short open woodland); sandy soil; gentle slope.
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14. Houtbosdorp 1, Northern Province; lower NW slopes; 23°49'S 29°54'E; alt. 1400m: 

Sourish mixed bushveld (grassy short closed woodland); sandy soil; gentle slope.

15. Houtbosdorp 2 (6.5K m E), Northern Province; DapNaude Dam; grassy and for­

ested slopes atNW  side of Dam; 23° 49’S 29° 58’E; alt. 1600m; North-eastern mountain 

sourveld (tall moist forest and short closed grassland); clay loam soil; moderate to steep 

slope.

16. Ingwavuma (12RmE), KwaZulu/Natal; at T-junction of tar road from Jozini with 

the road from Ingwavuma to Kosi Bay; 27° 07’S 32° 06’E; alt. 240m; Lowveid (grassy 

short openwoodland); sandy soil; no slope.

17. Jozini 1, KwaZulu/Natal; rocky undeveloped land in the town; 27° 26'S 32° 04'E; alt 

250m; Zululand thomveld (grassy short closed woodland), sandy loam; gentle slope.

18. Jozini 2 (5Km W), KwaZulu/Natal; western slopes of Lebombos; 27° 28'S 32° 01'E; 

alt. 350m; Tall moist forest; sandyloam; steep slope.

19. Jozini 3 (23Km N), KwaZulu/Natal; eastern slopes of Lebombos; 2 ,’° 18'S 32° 05'E; 

alt. 200m; Zululand thomveld (grassy low open woodland); sandy loam; gentle slope.

20. King William's Town (lOKm SW), Eastern Cape; disturbed agricultural land 

along the main road; 33°S 27° 15'E; alt. 500m; Valley bushveld (tall closed grassland); 

sandy loam; gentle slope.

21. Komatipoort 1, Mpumalanga; developing residential area on outskirts of town; 

25°26'S 31° 57'E; alt. 150m; Lowveid (grassy short open woodland); sandy soil; gentle 

slope.

22. Komatipoort 2, (2Km 5), Mpumalanga; copse of trees on side of road to Ressano 

Garcia, just before turnoff to Swaziland; 25° 27'S 31° 58'E; Lowveid (grassy short closed 

woodland-Acacianigrescens); clay loam; gentle slope.
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23. Lake Kosi, KwaZulu/Natal; 26° 57'S 32° 49'E; alt. 30m; Coastal forest andthom- 

veld (giassy tall open woodland and short closed grassland); sandy soil; no slope.

24. Louis T richardt 1, Northern Province; Hanglip Forestry Reserve on wetter S 

slopes of Soutpansberg; at picnic area in the forest, and in grassland outside the forest; 

23°S 29° 53’E; alt. 13 00m; North-eastem mountain sourveld (high forest and short closed 

grassland); clay loam; gentle slope.

25. Louis T richardt 2 (lOKm N), Northern Province; Ingwe Motel on N slopes of 

Soutpansberg; lawns and gardens; 22° 58'S 29° 56'E; alt. 1250m; North-eastern mountain 

sourveld (short dry forest); clay loam; gentle slope.

26. Lumbo, (20Km W), Mozambique; under trees on roadside 2Km W of turnoff to 

Mossuril; 14°59'S 40°30'E; alt. 100m; Lowveld (grassy short closed woodland); sandy 

soil; noslope.

27. Lydenburg 1 (15KmESE), Mpumalanga; near- monument at the top of Long Tom 

Pass; 25° OS'S 30° 36'E; alt. 2100m; North-eastern mountain sourveld (grassy short sparse 

shnibland); sandy loam; no slope.

28. Lydenburg 2 (23Km NNW), Mpumalanga; roadside on steep rocky northern 

slopes near the bottom of Waterfall River Pass; 24° 54'S 30° 19'E; alt. 1250m; Sourish 

mixed bushveld (short closed woodland); sandy loam; steep slope.

29. Manzini, Swaziland; vacant residential land in suburbs; 26° 29'S 29° 56'E; alt. 

620m; Lowveld sour bushveld (short closed grassland); sandy loam; no slope.

30. Maputo, Mozambique; garden bed of Natural History Museum in city centre; 

25°57’S 32°35'E; alt. 50m; sandy loam; no slope.

31. Mbabane 1 (7Km SW), Swaziland; Hilltop; 26° 23'S 31° 06'E; alt. 950m; North­

eastern mountain Sourveld (short closed grassland); sandy loam; gentle slope.

234



32. M babane! (14Km SSE), Swaziland; alongside steep section of main road between 

Mbabane and Manzini; 26° 2 VS 31° 09'E; alt. 1050m; North-eastern mountain sourveld 

(disturbed short closed grassland); sandy loam; moderate slope.

33. M babane 3 (20Km N), Swaziland; Malolofja Nature Reserve; 26° OS'S 31° 07lE; 

alt, 1380m; North-eastern mountain sourveld (short closed grassland); sandy loam; gen­

tle to steep slopes,

34. Mica, Northern Province; farm Parsons; 24° 10'S 30° 55'E; alt,400m; Arid lowveld 

(grassy short closed woodland); sandy soil; no slope,

35. Mkuze, KwaZulu/Natai, undisturbed land on outskirts of town; 27° 37'S 32° 02'E; 

alt, 130m; Lowveld (grassy short closed woodland; sandy clay soil; no slope,

36. Mozambique Island, Mozambique; public park next to Fort on northern end o f Is­

land; 15o02'S 40°44’E; alt. 5m; sandy soil; no slope,

37. Mtunzini, KwaZulu/Natal; farm Twin Streams; newly planted canefields, open 

grassland and coastal bush; 28° 49’S 31° 42'E; a lt 60m; Coastal forest and thomveld 

(short closed grassland and short thicket); sandy soil; no slope.

38. Mu tare 1 (30 Km S), Zimbabwe; roadside; 19° 10'S 32° 35'E; alt. 1100m; Brachy- 

stegia speciformis veld - Zambezi lowland type (grassy short closed woodland); sandy 

soil;no slope.

39. Mu tare 2 (40Km SE), Zimbabwe; mountainside above Burma Valley; 19° 10'S 32° 

44'E; alt. 1700m; Montane Themeda/Loudetia grassland (tall closed grassland); sandy 

loam; moderate slope.

40. Nampuia (2KmE), Mozambique; cashew plantation IKm N of main road to 

coast;15°06'S 39“20'E; alt. 450m; sandy soil;no slope.
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41. Paterson (24KmW), Eastern Cape; roadside at intersection with road to Addo; 33° 

26'S 25° 43'E; alt. 100m; Valley bushveld (short closed grassland); sandy soil; no slope.

42. Pietersburg, Northern Province; Dalmada; 23° 52'S 29° 32'E; alt. 1350m; Pieters- 

burg plateau false grassveid (grassy short sparse woodland); sandy soil; gentle slope.

43. Piet Retief (8Km W), Mpumalanga; farm Welverdiend 148, next to main road, on 

banks of Assegaai River; 27° 03'S 30° 44'E; alt. 1100m; Highland sourveld and Dohne 

somveld (low closed grassland); sandy loam; gentle slope.

44. Pilgrim's Rest (20Km W), Mpumalanga; Mount Sheba Nature Reserve; 24° 56'S 

30° 37'E; alt. 1800m; North-eastern mountain sourveld (short closed grassland); sandy 

loam; gentle slope.

45. Seymour (15KmN), Eastern Cape;viawsite at top of Nico M alanPass; 32° 28'S 26° 

46'E; alt. 1500m; Highland sourveld and Dohne sourveld (short closed grassland); loam 

soil; steep slope.

46. Sihany wane 1, KwaZulu/Natal; campsite at Tembe Elephant Reserve; 27° 03'S 32° 

25'E; alt. 100m; Lowveld (grassy short closed woodland); sandy soil; no slope.

47. Sihangwane 2 (6Km W), KwaZulu/Natal; on the western boundary of Tembe Ele­

phant Reserve; 27° 03'S 32° 22'E; alt, 55m; Lowveld (grassy short closed woodland); 

sandy soil; noslope.

48. Sihangwane 3 (8Km NVV), KwaZulu/Natal; on the western boundary of Tembe El­

ephant Reserve; 26° 59'S 32° 23'E; alt, 75m; Lowveld (grassy short closed woodland); 

sandy soil; no slope.

49. Sihangwane 4 (15Km W), KwaZulu/Natal; heavily wooded area along tar road; 

27° 03'S 32° 17'E; alt. 50m; Lowveld (grassy tall closed woodland); sandy soil; no slope.
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50. Sihangwane 5 (17Km W), KwaZulu/Natal; on west bank of Pongolo River; 27° 

03'S 32° 15'E; alt. 50m; Lowveld (grassy short closed woodland); sandy soil; no slope.

51. St. Lucia 1, KwaZulu/Natal; forest and lawns in Natal Parks Board grounds; 28° 

22'S 32° 25'E; alt. 40m; Coastal forest and thomveld ( tall moist forest and short closed 

grassland); sandy soil; no slope.

52. St. Lucia 2 ( Km N), KwaZulu/Natal; Mission Rocks; 28° 16'S 32° 30'E; alt. 50m; 

Coastal forest and thomveld (grassy short closed woodland); sandy soil; no slope.

53. St. Lucia 3 (12Km W), KwaZulu/Natal; picnic area in Dukuduku Forest Reserve; 

28° 23'S 32° 18'E: alt. 50m; Coastal forest and thomveld (tall moist forest); sandy soil; no 

slope.

54. Stutterheim, Eastern Cape; grassy field just south of forestry reserve; 32° 33'S 27° 

22'E; alt. 880m; Highland sourveld and Dohne sourveld (low closed grassland); sandy 

loam; no slope.

55. Trichardtsdai (20KmE), Northern Province; entrance to Legalameetse Nature Re­

serve at the bottom of Orrie Baragwanath Pass; 24° 09'S 30° 13'E; alt.l020mto 1340m; 

Lowveld sour bushveld to North-eastern mountain sourveld (short closed woodland, 

through tall moist forest to short closed grassland); sandy soil through clay loam tosandy 

loam.

56. W akkerstroom (12KmENE), Mpumalanga;farmTafelkop;27° 18'S30° 16'E;alt. 

1900m; Highland sourveld and Dohne sourveld (low closed grassland); sandy loam; 

steep slope.

57. W hite River, (lOKm N), Mpumalanga; between granite outcrops next to main 

road; 25° 14'S 31° Ol'E; alt. 1000m; Lowveld sour bushveld (grassy short sparse wood­

land); sandy soil; gentle slope.
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APPENDIX B

D IST R IB U T IO N  M A PS:

The positions of the localities at which samples of the various Breviceps spp. were col­

lected are shown on the following distribution maps (Figs, 42-47).
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APPENDIX C

OTHER DATA FERTAININGTO REPRODUCTIVE BIOLOGY:

During the course o f the fieldwork various additional observations pertaining to be­

havioural and ecological aspects o f the reproductive biology of the species studied, 

were made. While not extensive, these data are nevertheless recorded below in view 

of the paucity of such information in the literature.

1. Breviceps adspersus

1.1 Habitat.

The 19 populations sampled occur on sandy soils in grassy open, sparse or closed 

woodland, or, in the case of adspersus pentheri, in short closed shrubland, short 

closed grassland, and low thicket (Valley bushveld). tn  Pielersburg this species is 

common in the parks and suburban gardens: this may be due to the abundance of suita­

ble nesting sites in the loose soil of flowerbeds. The soil surface at most localities is 

reddish brown, but yellowish brown to grey brown in some areas.

1.2 Breeding period and surfacc activity.

In the Pietersburg population, calling commenced i'. early to mid-October after mod­

erate to heavy showers, but was discontinuous and a chorus did not develop. The first 

strong choruses were recorded in late October to early November. Most chorusing 

took place in November, while the latest chorus recorded during a breeding season at 

this locality was in mid-December. Isolated individuals were heard calling after rain 

in late December and early January.

hi Pietersburg, the rainy season ends in about mid-March, but sporadic rainfall is ex­

perienced during the winter months. After these occasional showers, single juvenile 

or adult specimens were collected on the surface or found drowned in a swimming
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pool, but no calling was heard. This restricted surface activity was recorded in all 

months between April and early October, excepting August. During the breeding sea­

son, groups of 4-12 males and females were seen feeding on alate termites emerging 

from the gv«v and in the early morning and late afternoon.

In other areas, breeding activity was also linked to the rainfall patterns, commencing 

after the first heavy rains. In the lowveld, where the rainy season sometimes com­

mences later than in Pietersburg, strong choruses were heard as late as the middle of 

March.

1.3 Response to rain and other environmental factors.

During the breeding season in Pietersburg, the response to rain was very rapid: the 

first calls were heard 15 to 30 minutes after rain began to fall, regardless of the time of 

day. Peak calling activity usually took place between 19:30 and 23:30(N = 130 obser­

vations), after which time some individuals stopped calling while the remainder con­

tinued to call, at a lower intensity, until daybreak. If the day was overcast and warm, 

the intensity rose slightly and calling continued throughout the day. After a heavy rain 

(>30mm), however, high intensity choruses were maintain ad thioughout the night and 

into the following day. In cloudless, hot weather the calling died away by mid-mom- 

ing and started up again in the late-aftemoon.

After heavy rain the calling continued for several consecutive nights, the longest re­

corded period being 11 nights following 36 mm of rain. Calling was inhibited by long 

periods of dry weather, wind and by a decrease in air temperature. In Pietersburg, 

calls were recorded at air temperatures ranging from 9.5° C to 20.3 °C (mean = 15.7 °C; 

mode = 14°C;N~ 100), and in Zimbabwe, at a maximum of 23.1 °C.

Similar behaviour was observed in the other adspersus populations sampled.
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1.4 Chorus structure and male-male interactions.

In Pietersburg, calling males formed discrete groups of 3 -7  adj acent individuals (N = 

8), which began and ended a bout of calling at approximately the same time. Call 

bouts were usually initiated by one member o f the group but sometimes two individu­

als al ternated as bout leaders. As the call intensity swelled within one group, the lead­

er of an adjacent group began to call: thus the chorus spread from one group to the next 

and moved through the population in waves. While the calls of adjacent males alter­

nated at first, this pattern was not maintained, and continuous antiphonal calling was 

never heard.

The distance between adjacent calling males varied from 0.6 to 19m (mean = 6.25 m; 

mode = 5 m; N = 45). On three occasions silent males, which remained close (10-30 

cm) to calling males for long periods of time, were encountered. Aggressive physical 

interactions between males were not obsei ved.

1.5 Callsite, callsite fidelity, home range.

Of 161 calling Pietersburg males, 50% called from a shallow depressions; 40% from 

permanent positions on the surface (no depression); 9% called from the surface but 

moved between call bouts, and 1% called from deeper vertical burrows. The calls 

given from deeper burrows were abbreviated and appeared to be stifled by the con­

fines o f the burrow. These individuals soon emerged to call at the surface. During the 

day, males only called from well concealed, shallow depressions. The use of an ele­

vated callsite, eg. on vegetation, was never observed.

The calling depression was often deep enough to accommodate most of the frog's 

body and was usually well concealed at tire base of a grass tuft or small herbaceous 

plant and hidden by overhanging leaves (Fig.48a). When disturbed, the male 

crouched down in the depression so that his back was level with the soil surface; when 

calling, he raised himself, allowing the vocal sac to expand freely. Males which occu­

pied a permanent callsite but had not constructed a depression were often prevented
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F IG U R E  48. (a) B.a. adspersus vailing from a shallow depression  betw een  

grasstufts; (b) A m plexus involving an additional male, in B. a. adspersus.
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from doing so by the absence of a suitable substrate, eg. those calling from the centre 

of a grass tuft or from stony ground. In such cases the substrate appeared to have been 

trampled, suggesting that the frog had attempted to create a depression. Some males 

seen calling at the surface, and moving between calls, later moved to shallow depres­

sions, where they continued to call.

Some individuals used the same callsite more than once (seven observations), in one 

instance, for five consecutive nights. Males occupying a calling depression often re­

mained there throughout the day if  it was overcast and wet. However, if the day was 

hot and dry, they left the depressions to enter burrows nearby. On resumption of the 

chorus, males which had previously constructed a calling depression, emerged from 

their burrows and moved directly to their callsites, sometimes beginning to call before 

reaching them. Males which were disturbed while calling would sometimes leave the 

callsite and move directly to burrows 5 - 200 cm away (N = 11), entering them back­

wards. Three burrows were excavated, and found to consist of a single, vertical tunnel 

approximately 30 cm in length.

Of 11 males branded and released in November 1984 two were recaptured 16 days 

later within 60 m of their release point, and two were recaptured a year later within 50 

m of their release point. In 1985, 27 males were marked and two recaptured 3 days 

later 50 -100 m from their release point.

1.6 Aniplexus, nest structure & development period.

A natural encounter between a male and female, leading to amplexus, was never ob­

served, and on only two occasions were amplectant pahs encountered at the surface. 

On several occasions males and females confined together in a bucket or plastic box 

went into amplexus. Amplexus involves adhesion of the male to the back of the fe­

male by means of a sticky secretion. Some calling males collected during tins study- 

had sand adhering to their chests, suggesting that they had recently been in amplexus.

The male is attached to the female by the skin of his thorax and anterior abdomen, as 

well as the dorsal surface of his forelimbs (Fig 1 a). It seems that the adhesive secretion
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is only produced in the area of contact between the partners: in the amplexing female, 

the exposed area of the dorsum shows no evidence of a sticky secretion (such as ad­

hering sand or organic detritus). If care is taken, it is possible to separate an amplect- 

ant pair without causing obvious damage to the skin of either partner.

Jurgens (1978) reported that a male B. adspersus became glued to the back of a To- 

moptema delalandi while they were confined together in a plastic bag. This observa­

tion confirms that the male produces a sticky secretion during amplexus. On one 

occasion during the present study, the excavation of a trench revealed a trio consisting 

of an amplectant pair with a second male adhering to the back of the first (Fig.48b).

Both males and females exude a milky, sticky secretion over the entire dorsal surface 

when alarmed or injured (Fig lb), presumably as a means of defense.This also occurs 

when the animals have been killed in urethane and are transfeired to 70% alcohol. 

However, the glands on the ventral surface of males apparently only release their se­

cretion during amplexus, as this was never observed at any other time.

Batches of eggs were found on three occasions:

1, In December 1985 a female and egg mass was exposed while digging a trench. The 

egg chamber was 30 cm below the surface, and the female was located in the soil 

about 5 cm above the egg chamber. No further information was recorded.

2. In early December 1992 a male and female went into amplexus when placed to­

gether in a plastic box. The following evening, the pair was released in an enclosed 

area of well-turned soil and by dawn they had disappeared below the surface. Seven 

days later, after 25mm of rain, the male was seen on the surface.The nest was excavat­

ed the next day and the female was found 12 cm below the surface and 7 cm above the 

roof of the egg chamber. The roof of the chamber was 12mm above the egg mass, and 

its floor was located 23.5 cm below the surface. The female was surrounded by loose 

sand but the eggmass was lying in a well-formed cavity (oval in vertical section) with 

hardened walls. The chamber was 45 mm high and 53 mm wide. About 45 egg cap­
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sules containing creamy yc : were located below a smaller cap of about 40-50 trans­

parent egg capsules which lucked yolk (Fig 1 c).The cloacal temperature of the female 

was 28.2° C, while the temperature of the soil surrounding the female was 27.7° C, and 

of the soil around the eggs was 25.9° C. The egg mass was removed to a box of damp 

soil, but did not develop.

3. Inlate-December 1993 an amplexing pair was released at night in an enclosed area 

of well-turned soil and by dawn had disappeared below the surface. The male, fe­

male and a chamber containing three tadpoles was excavated 32 days later. The male 

was found 20 cm below the surface, some distance from the female and nest, in damp 

soil at a temperature of 27.1° C., The female was found 20.5 cm below the surface and 

5 cm above the roof of the egg chamber. The temperature of the soil around the female 

was 27° C and of the chamber was 26.5° C.The chamber (Fig.49a) was 40 mm high, 65 

mm wide, and there was a gap of 20 mm between the tadpoles and the roof. The walls 

of the chamber were considerably harder than the surrounding soil. The remains of 

the eggmass consisted of a number of dehydrated, undeveloped eggs which formed a 

hard but moist plate on the floor of the chamber. The surface of the plate was soiled, 

and three, almost fully metamorphosed tadpoles were moving around on it 

(Fig.49b).The dorsum of each of the two older tadpoles was grey with black speckles, 

while the younger specimen was grey medially and cream along the sides of the body. 

Their tails were transparent with blood lacunae at the tips. The ventral body wall was 

transparent. The nostrils were visible but not functional, and the eyes were not fully 

developed.The fore and hind limbs were fully functional. The following measure­

ments were taken: body length (tip of snout to base of tail): 10.2, 9.0, 8.3 mm; tail 

length: 4.1 ,7 .7 ,13.0 mm; interocular distance: 2.8,2.5,2.3 mm respectively.

The emergence of a large number of juveniles, presumably from a nest, was observed 

in early January and single juvenile specimens were collected on several other occa­

sions during January and earij February,
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FIGURE 49. (a) Female ofB.a. adspersus in the soil above her egg chamber; 

(b) Tadpoles from the egg chamber.

2. Breviceps mossambicus

2.1 Habitat

In northern Mozambique and on the coastal plain of KwaZulu/Natal, this species in­

habits well drained sandy and sandy-loam soils in short, closed grassland and grassy, 

open or closed woodland. It is common in gardens and parks in heavily populated 

areas such as Mozambique Island, Maputo andNampula.

It also occurs inland, where it is restricted to wetter a 'as on the crest and slopes of the 

eastern escarpment in KwaZulu/Natal, Swaziland, Mpumalanga and the Northern 

^Province.



2.2 Breeding period and surface activity

Choruses developed after the first spring rains. The earliest chorus recorded at 

Graskop was on 7th September and atNampula in northern Mozambique, on 28th No­

vember. Breeding activity was most intense for 6-8 weeks after the first spring rains 

but then tailed off.

Large numbers of males and females were observed feeding on worker termites in the 

early morning on Mozambique Island: in one instance 20 individuals were clustered 

around a termite emergence hole, with one even sitting on the back of another! 

Feeding individuals adopted a hunched posture over the termite emergence hole and 

caught the termites as they appeared at the surface (Fig. 50b). The longest toe was held 

slightly above the surface, and toe-twitching was observed on numerous occasions 

(N=9), No calling was heard at this time.

Similarly, at Sihangwana, numerous males and females were seen feeding on alate 

termites which had emerged in the late afternoon. At such times the frogs are relative­

ly conspicuous and large numbers can be collected.

2.3 Response to rain and other environmental factors

Once breeding had commenced,choruses developed rapidly in response to rain, re­

gardless of the time of day. After the rain stopped, chorusing continued as long as the 

weather remained overcast or misty, sometimes for several days. Calling was inhibit­

ed by sun, wind and low temperatures. Along the coast, calls were recorded at air tem­

peratures ranging between 13.9° C and 29.5° C, while on the escarpment, samples 

were collected between 7.4° C and 26.0° C.

On one occasion, males at Loc. 11 (Haenertsburg 2) were heard calling at an air tem­

perature of 31° C, from deep vertical burrows exposed to full sunlight at 10:00.
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2.4 Chorus structure and male-male interactions

Individuals which initiated bouts of calling prompted adjacent males to call, and the 

chorus spread through the population in waves, as in adspersus. Two individuals 

sometimes alternated as bout leaders. Antiphonal calling was not heard. The distance 

between calling males varied between 5cm and 5m (mean = 1.58m ;N=29). Two non­

calling males (possibly satellites) were seen near- a calling male on Mozambique Is­

land.

Following rain on Mozambique Island, a great deal of surface activity was observed, 

prior to the establishment o f a strong chorus. This included feeding on termites, and 

aggressive interactions between males. In two instances, males stood upright on their 

legs and pushed against each other with their chests and arms (Fig. 50a), This contin­

ued until one broke away and moved off, pursued for a few centimetres by the other 

male. In another case, a calling male turned to face an approaching male and increased 

his call rate. The second male stopped about 5cm from the first and then moved away. 

Another male intercepted a passing snail shell occupied by a hermit crab.

2.5 Callsite.

Of 187 males ranging across the entire area sampled, 27% were calling from perma­

nent callsites in the form of shallow depressions, 71% were calling from the surface 

and 2% were calling from elevated positions.

2.6 Amplexus, nest structure & development period

Amplexus was not observed. A male, which was disturbed in the branches of a shrub 

at Mtunzim,emitted a long, loud squeal and produced a sticky secretion dorsally. 

Nests & tadpoles from the Wakkerstroom district have been described in the literature 

under the names B. parvus (de Villiers, 1929; FitzSimons & van Dam, 1929) and B. 

adspersm peniheri (Swa.ne,\)OQ\, 1970).
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FIG U R E  50. B. mo.ssaiuhicits from M ozam bique  Island (Loc.36): (a) aggres­

sive interaction be tw een  males; (b) feeding on w o rk e r  termites.
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3. Breviceps verrucosus

The six populations sampled in this study were visited nine times and 36 specimens 

were recorded and/or collected. This species was also encountered at several other lo­

calities, viz: Kloof, Pennington and Port Edward in KwaZulu/Natal, and Swadini 

(Blyde River Canyon) and Mariepskop in Mpumalanga, but no specimens were col­

lected nor recordings made of advertisement calls at these localities.

3.1 Habitat

Over its extensive range, B. verrucosus occupies a wide variety of habitats. In the 

Eastern Cape it occupies high altitude grassland (Nico Malan Pass) and grassland on 

the fringe of forest at lower altitudes (Stutterheim). In KwaZulu/Natal it was found at 

moderate altitudes in tall, moist forest and thomveld (Wesa and Eshowe) and in coast­

al forest and thomveld, venturing as close as 5m from the high-tide mark (Pennington 

and Port Edward). In Mpumalanga verrucosus inhabits forest and the forest fringe at 

Graskop, God's Window, Mount Sheba and Mariepskop, closed woodland at Swadini 

and the North-eastern Mountain Sourveld (grassland) at Long Tom Pass near Lyden- 

buvg. The soils at these localities vary from clay loam to sandy loam. At Eshowe, 

specimens were collected and recorded in suburban gardens.

3.2 Breeding period and surface activity

This species starts to breed after rain in early spring: advertisement calls were record­

ed between 8th September and 4tir November, and very large chomses were heard in 

the forests of the Mpumalanga escarpment during September and early October.

3.3 Response to rain and other environmental factors

B, verrucosus chomses develop rapidly after rain and, during conditions of more or 

less continuous rain, drizzle and mist, continue unabated for several days and nights. 

Half of the calls in this sample were recorded during the day. Calls were recorded at
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temperatures ranging from 7.4° C - 23.3° C.

Calling was inhibited by a drop in temperature and by wind. Specimens at Eshowe 

and Mariepskop were prompted to call by a human imitation of the call, even though 

no other individuals were calling at the time, and a hand-held specimen from Nico 

Mai an Pass also called in response to a whistle.

3.4 Chorus structure and male-male interactions

Males are prompted to call by the calls of their immediate neighbours and the r '— us 

spreads through the population in waves, as in adspersns. Within a group vpVc' tg 

males one individual usually initiates the bout of calling, which is immediately taken 

up by the surrounding males. Sustained antiphonal calling was not heard.

3.5 Calisite.

Of 34 males, 21 were calling from well concealed shallow depressions under grass or 

leaf litter, seven were calling from an elevated position on grass tufts (only at night), 

and six were calling from fairly exposed positions on the surface. Deeper vertical bur­

rows were found near four of the males calling from shallow depressions, and one 

burrow was excavated for about three metres until it disappeared under a large rock.

3.6 Am plexus

Amplexus was not observed, but a sticky, white secretion was discharged from the 

skin when recently killed specimens were placed in 7 0% ethanol.
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4. Breviceps sylvestris

The following notes are based on the seven populations sampled in this study, which 

were visited 17 times in total, as well as a number of isolated observations made at 

other localities where this species occurs.

4.1 Habitat

B. sylvestris was found along the crest, slopes and foothills of the Transvaal Draken­

sberg and the Wolkberg and Soutpansberg ranges in the Northern Province, in tall, 

moist forest as well as the adjacent short, closed grassland. These areas receive a high­

er rainfall than the surrounding bushveld and arid lowveld habitats. The soil varies 

from sandy loam to clay loam, covered by dense matted grass and herbaceous vegeta­

tion in the grassland habitat or by a thick carpet of leaf litter in the forests. Calling 

males were also found in distur bed habitats such as plantations of exotic trees, and in 

submban parks and gardens.

4.2 Breeding period and surface activity

During the dry winter months specimens were occasionally encountered under logs 

and rocks in the forests, but no calling was heard. Breeding activity was strongly 

linked to rainfall and the first choruses developed after early spring rains. The earliest 

chorus recorded in this study was on 25th September, while the last was heard on 8th 

December.

4.3 Response to rain and other environmental factors

Choruses developed rapidly in response to rain, and when this was followed by light 

drizzle or heavy mist, chorusing usually continued unchecked, sometimes for several 

consecutive days and nights. Calling was inhibited by a drop in temperature and by 

wind. N ormal choruses were recorded at temperatures ranging from 8.8°C-17.7°C.
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4.4 Chorus structure and male-male interactions

Males were prompted to call by the calls of their immediate neighbours so that the 

chorus spread through the population in waves, as in adspersus and verrucosus. With­

in a group of calling males one individual usually initiated the bout of calling, which 

was immediately taken up by the surrounding males. Sometimes two males alternated 

asboutleaders. Sustained antiphonal calling was notheard.

The distance between calling males varied between 2-5m (N=9). Aggressive physical 

interactions between males were not observed.

4.5 Callsite.

Males collected at night were calling from the surface (N=l 3), sometimes moving be­

tween calls, from elevated positions on grasstufts or herbaceous plants (N=4), or from 

shallow depressions, concealed by leaf litter or grass (N=3), During the day males 

only called from well concealed, shallow depressions (N=7). Deeper vertical burrows 

were sometimes found near callingmales.

4.6 Amplexusand nest structure

A male and female went into amplexus while confined in a box. An adhesive sub­

stance was secreted as in other Breviceps species. Nests and eggs were not found but 

have been described by Wager (1905, pp. 120-121).

5. Breviceps poweri

One population was sampled at Nampula, Mozambique, on 28-29 November 1994, 

following heavy showers. This locality is a cashew nut plantation in open woodland 

with alight brown, sandy soil, Both poweri and mossanibicus share this breeding site, 

calling within (.antimeters of rach other. The poweri chot us developed before sunset
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on both days, whereas mossambicus only began calling after dark. Both species con­

tinued to call until just before dawn.

Most (38)poweri males called from the surface, while three occupied shallow depres­

sions, partly conce i '-jJ by vegetation or leaf litter. One amplexing pair was found, 

with the partners glued together by a sticky secretion, as in adspersus.

6. Brevicepssp.

This species occurs in closed canopy coastal and low altitude forest at St Lucia and 

along the Lebombo range, respectively,as well as t1 datively diy thomveld (grassy,

short, closed woodland) at Hluhluwe, Mlawula and Komatipoort.

Calling activity was observed on eight separate occasions during the day and at night. 

Breeding takes place in spring and early summer: the earliest observation was on 20th 

October and the latest on 29th November. Calling took place during light to heavy rain 

and, unless this was followed by a heavy mist or drizzle, ceased immediately after­

wards. This behaviour is similar to that of verrucosus and sylvestris but contrasts with 

mossambicus and adspersus which may continue to call for several days following 

heavy rain.

Of 23 males, eight called from elevated positions on fallen branches or small herba­

ceous plants, 5-30cm above the surface, while the remainder called from the surface 

of leaf litter under frees, sometimes amongst dense undergrowth. None of the males 

had constructed a shallow depression at the callsite, a phenomenon commonly ob­

served in the other species. Amplexus was not seen.
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APPENDIX D

C O L L E C T IN G  DATES FO R  TH E SPECIM ENS U SED  IN  THIS STUDY:

The list below gives the dates (year/month/day or days) on which specimens and/or calls 

were collected for this study. Locality details are given in Appendix A above. All speci­

mens have been fully labelled and are deposited in the collections of the Transvaal Muse­

um, Pretoria.

Locality DateSpecies

B.a. adspersus

B.a. pentheri

Burchenough Bridge 90/11/28

Hoedspruit 89/11/12

Ingwavuma 88/10/12-14

Komatipoort 1 91/15/11

Lydenburg2 89/10/30

Manzini 89/11/20

Mbabane 2 89/11/20

Mica 87/10/16-87/11/04

Mutare 1 90/11/28

Mutare 2 90/11/28-29

Pietersburg 84/11/04-16
It 85/10/24-85/11/13
If 86/10/20-86/12/01
II 87/11/30-87/12/06
II 90/11/21-25

Sibangwane 4 88/10/22

Sihangwane 5 88/10/23

White River 90/10/27

Addo Elephant Park 86/10/10

Grahamstown 89/10/12
If 90/10/29-30

King William's Town 90/11/01

Paterson 90/10/30
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Species

B. mossambicus

Locality

Belfast

Dullstroom

Durban

Eshowe
It

Graskop 1
If

II

Jozini 1 

Jozini 3 

LakeKosi
II

Lumbo 

Lydenbmg 1 

Maputo 

Mbabane 1 

Mbabane 2 

Mbabane 3 

Mkuze
II

Mozambique Island 

Mtunzini
If

Nampula 

PietRetief 

Pilgrims Rest 

Siliangwane 1 

Sihangwane2
II

Siliangwane 3 

St Lucia 1

Date

89/10/26-89/11/04

89/10/26

88/10/18

88/10/19

89/10/16-20

87/09/07-9

87/10/27-29

89/10/31

88/10/15

88/10/20

88/09/24-29

88/10/14

94/12/01

89/11/01

94/11/22

89/11/19

89/11/17-20

89/11/20

87/10/14

88/ 10/ 12-20

94/11/30-94/12/07

87/10/09-14

88/10/18

94/11/28-29

88/11/17

86/ 11/20

88/ 10/22

88/ 10/21-22

89/12/02

88/ 10/22

89/10/24-25
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Species

B. mossamhicus

B. poweri 

B.s. sylvestris

B.s. taeniatus 

B. verrucosus

B. sp. nov.

Locality Date

St Lucia 2 89/10/22

Wakkerstroom 88/11/16

Nampula 94/11/28-29

Haenertsburg2 85/11/20-85/12/08

Haenertsbmr-1 86/11/18

Houtbosd. 87/09/26-87/11/10

Louis Trichardt 1 89/11/06-8

Louis Trichaidt2 84/11/18

Eshowe 88/09/19
11 89/10/16

Graskop 1 87/09/08

Harding 90/11/04

Lydenbuig 1 89/11/01

Pilgrims Rest 86/11/20

Seymour 89/10/07
11 90/10/28

Stutterheim 90/11/02

Jozini 2 88/10/20

Komatipoort2 91/11/15

StLucial 89/10/23
11 89/11/27-29

St Lucia 3 90/11/06
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