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Males of Bufo dormbensts were observed calling late al

The analyzed advertisement calls differ distinctly from
aling that all these taxa are separate valid species.
showed the typical oral charzclers of southern Africa

might at Ongango Waterfall in norh-weslern Namibia,
those of 8. vertebrafis, B. hoeschi and 8. fenoulhefi indi-
Tadpoles raised from a breeding pair found at Ongongo
n Bufa (1:1+1/3 keratodont farmula, broad mental gag in

oral papillae) but differed by =ome characters fram tadpaoles of olher sympatric Bufa SpeECies,

Authal w wham correspondenee should be weldeeysed.

Buft dombensis was described from Dombe jn Angola (Bo-
cage 1895), but little has heen discovered of irs natura| hislory
and taxenomic status in the last century. It has been recog-
nized either as a distinet species (Mcriens 1971, Tandy &
Keith 1972) or as a part of the Bufo veriebralis group (Poyn-

fon 1964 Poynton ( [964) placed it in the vertehralis sroup af

dwarl toads on the basis of small size. lack of a tarsil fald,
and idistinet parotid elands. Taxa such as fhufe fenoubined
and Bufor hoeschi from Namibia have at times been placed as
Junior synonyms ol Bufi dombensis { Tandy & Keith 1972)

The taxon appears to inhabit the Iringes of the Namib desert
fram southern Angola to northern Namibia, and inland in arid
areds (Channing & Griffin 1963). Fandy & Keith (1972 re-
marked on the camoulTage displaved in this species, The Na-
mih desert s a harsh environment for sn amphibian, and
further studics are required to mvestigate how it continues o
he succasstul in this extremely wrid aren. Data on breeding
bielogy, vocalizations, and tadpole morpholosy of this toad
are unknown

In most amphibians inhabitme arid regions, adults can only
be found during a short breeding season following precipitu-
tion, In conmast tadpoles can sererally be found during
longer periods, and are much hore easily surveyved. However,
very lew African Mo tadpoles have been adequately de-
seribed. Tadpole keratodonr formulae, which in MY AnUTan
genera differ between species, are very uniform in African
Bufer (e.2. Wager 1963). Comparison ol recont descriptions
(e Channimg & Drewes 1997) shows that there ore 3
numher of characiers. especially those from internal buecal
anatomy, which can probubly be considered as diugnostic at

the species Jevel. A complete revision and re=deserniption of

Alncan tadpoles, including Bufo wdpoles, as well s studics
on intraspecific seooraphic variation in ladpole morphology,
are required to ullow adpoles 1o be uscd as reliable Indicators
for distribution of anurun spegies.

In the present article, we deseribe the tadpale: of Hufo
ddombenses, and record the first description ol its brecding be-

hiviour. We also deseribe the advertisement cull of the 5pe-
cies, and discuss its taxonomic status based on the bivacousiic
tadit

Materials and methods

Field observations were mde  ar Ungongo Waterlull
(19°08°S; 13947 E); cast of Sesfontein, Namibia, Material is
deposited in the Museam Alexander [Koenig in Bonn, Ger-
muny (LZEMK), or the Port Elizabeth Museum. South Africa
(PEM). Duplicate imaterial will be deposited in the State Mu-
seum, Windhoek, Namibio

Voealizations were recorded in the field with a Sony 13C 66
Professional Walkman and an external microphone (Vivanco
EM 238) Fapes (Maxcll UR 900 were analy zed with the ME-
DAY sound analyzing system Spekirn 3.2

Loos were collected from a breedimg pair at Ongoned, and
ratsed. A developmental series was preserved in 10% torma-
lin (specimens not individually labeled): ZITMK 66757 (sam-
ple of freshly [uid coosy, ZFME 66758 (three tadpoles
preserved on | Jamiary 1998, e 48 hours alier cau-laying),
ZEME 66759 (five tadpoles preserved on 14 January 1994
e, 120 1 alter epg-laying): ZFMK 66760 (four ladpoles pre-
servad on 16 Junuary 1998, seven duys alter cae-laving):
LMK 66761 (four 1adpoles preserved on | § Fanuary 904,
nine davs alter cog laying: ZFMK 66762 (four tadpoles pre-
served on 24 Junuary 1998, 15 days aller exe-laying), PEM
ABIE2 (Tour tadpoles raised to stage 34).

Tudpoles were measured using & blnoeular microscope with
d mictomerer to the nearcst 0.1 mim Tadpole developmental
stages are given wecording 1o Guosner (1960). escriptive
characters follow Van Dijk ( 1966), The keraodont lormula is
et oul ueearding Lo the recommendations of Dubois (1985},
and the internal buceal unutomy is described usimg the termi-
nology of Wassersug (1976, 1980,
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Natural history

Al the observalions were made along o small stream tod by a
permanent spring. | he stream habitar consists ol @ rocky bot-
tom, with shallow water. The stteam drops some 20 etes in
altitude over a 200 m stretch. producing one larze watertall,
from which the site (Ongongo Waterfall) pets its name, with a
number of smaller rapids. The weather in early January was
dry. Tt had rained previously. judeing from the emergence of
New rass in places

Active adult specunens could be observed an late afternoon
alomg the stream. Most, however, were hiding dunng the day
under small piles of rocks and stones al the waler’s edee.
They emerged n large numbers. congregating along a 10m
scetion of stregm, n the late evening (20:00-21.00), First
calling was noted at aboutr 2204, bt rezular miating calls
were only hened Trom 23:00 on. Thighest calling intensity was

reached between O1:00 and 02:00. The mflated vocal sac of

calling males had o typical shape. being slightly comical and
directad anteriorly. This shape was especially distinet during
the climax of each expiration phase of the call (Figure 1),

Figure 1 Calling male of Sufo dombernsis, Ongongn, K Tanuury
1998, ca. 2.3:00)

Eep strings belonging w Bufo dombensiy were [ound 1 the
stream at the reproduction site. As they were exposed 1o the
current, they collected i small depressions und belween nver
stones (igure 2): Two couples in axillary amplexus (Fiegure
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i) were found on 9.1, 1998 at about 0100, In a plastic bag,
ong couple tmale 40 mm SVL, femaie 48 mm SVL) depesited
i the same night o stnng of 00 unilormly black eggs micas-
urmg 1.6 L8 mnt i dinmeter. A captive-raised tadpole from
[his e stemge is shown i Figure 4. The second couple de-
posited 400 cees under the same conditions, but this female
probably snll contamed a rather large number of mature
goevies which were not laid, pessiply dug 1o the artificial con-
ditions.

Onlier amplubiun species Tound svntopicallv with Bufo doni-
hensis al the Ongongo Waterfall site were Bufo maculitus,
Fomoprerna: tanavy, Tomoprerra tuberculosa, Phrvnobarra-
chuy nutalens iy, Plhivnoemaniis anngctens and Xenapus laevis,

Vocalizations
Vocalizations were recorded on 8 and 9 January 1998 from
23000200 @ 22.07C air lemperulure (specimens sitting ut
the water edze bur outside water), Dwo call types were noted.
A presumied territorial call was heard at the beginning of the
gvening's voculstion, mainly from within refugey, and is an
irregular repetition of o series of short notes, It 15 similar to
the release call as known For many Aufo species, and possibly

Figure 3 Couple of ffo dambensy in amplexns, Ongongd, 9 Junu-
1

Fipure 2 ey siring ol #wio dombensis. Ongongo, % January 1998

Figure 4 LUaptive raisced tadpole of Bufo domeenas, 24 January 1998
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was given in a territorial context within the refiipes Song-
gram and oscillogram of part of a rerritorial call are shown in
Figure 5. Five analvzed calls, given consecutively by one
specimen, consist of 6, 4, 2, 2 and 4 notes, respectively, The
first note of the tour-note and six-note calls has a very low in-
tensity and s only faintly recognizable on the sonagram.
Temporal cull parameters (in milliseconds) given as ranpe ful-
lowed by mean 1 standard deviation and sample size (number
of individuals) in parentheses are as follows: nite duration
549 (3147, n—=10); duration of intervals between notes 74—
|24 (9916, n=11). The lrequency ranges from 1700-2500)
Hz, dominant frequency maximunt was at 1800 [z Notes are
rapidly pulsed. bur single pulses could mostly not be resolved
an the oscillogram. In one note. four distiner pulses could be
seen dl the beginning of the call (pulse rate about | 80/5), indi-
cating that pulse rate increases towards the end of the call,

Frequendy (kHz)
10

B i)

a 1000 2000 me

L]
0 1000 2000 msg

Figure 5 Sonngram and oscillogram of g prosumed tesritor) call of
Bufo dombengis, recorded on 8 January 1998 at 22090 air lEmperi-
Lure

The advertisement call is produced by males, mostly from
outside refuges. Sonagram and oscillogram of part of an ad-
verlisement call are shown in Figures 6-7. The following data
refer to ealls from one male. Calls consist of a series of a var-
ying number (up 10 50} of pulsed notes. Note repelition rate is
2.5/8. Une note consists of 22-31 (n=3) individual pulses,
Pulse rate increases towards the end of the note. and in the [i-
nal note section no pulses cun be distinguished, wiving the im-
pression of vne very long pulse, In one analysed note, pulse
rate is | 18/s for pulses 1=4, 250/s [or pulses 7-12, and 272/
tor pulses 1520,

Temporal call parameters (in milliseconds) are as follows:
note duration 113-162 (139414, n=23Y; duratien of infervals
butween notes 170422 (279466, n-21). The frequency
ranges from 2300 3400 Hz. dominant frequency from 2650
100 Hz, with intensity maxima at 3100 Hz and 2800 Hz
Each note corresponds to one expiration. The vocal sac was
zreatly extended during each note, and remained partly in-
flated between notes,

Tadpole description
The fotlowing description of the tadpale i {rom a specimen
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Figure 6 Sonogram and vseillogram of five notes of an advertise-
ment eall ol Bufe dombensis, recorded on 8 hanuary: 1998 al 22 0°0
air temparatire

e

d 106 200 ms

Figure 7 Cscillogram ol vne note (first note as shown in Fipuee #)
at an advertisement call ol Sufa donthernss, teeorded on 8 January
1998 at 22.0°C wir lemperature, showing detled arrangement of
plses

in batch PEM AG982, und compured 10 three other specimens
raiaed al the same time. The imternal feawres (buccal roof and
buccal floor) are described from a second tadpole in the same
balch, lightly stained with bromocresol green.

External features

I'he individual is 4 tadpole at stace 34 of 24,3 mm total leneth
(Frgure 8) The 1ail length s 67% of total length. The maxi-
mum fail height is shghtly grearer than trunk heisght. The
maximum height of the dorsal fin oceurs 40% |:-r;51|:t'iﬂrl}'
along the runk. The tail 1= cuthyvoural with the extrapolated
axis passing above the eve. The height of the caudal muscles
at the trunk is 43% of the maximum body heighe, The nostrils
are large, oval. with a pale raised maroin, and situated one
nostril tepgth forward ol the comer of the eve, The nostril
passages are visible dorso-laterally. The ratio of the relative
nosiril size (nostril width/intemanial distance) is 0.3, The
small pineal spot is visible slightly behind a line joining the
ront of the eyes. No orbitonasal line is present, The pasition
of the nostrils from the snout, as a ratio of the rostronasal dis-
tance (measurad between closest margins) or orbitonasal dis-
tare 18 2.2, The cves are dorsolateral, with an extra-ocular
praportion, which is & measure of the lateral position of the
eyes (head width minus distance between the lateral limits of
the cyes/distance between the lateral limits of the eves), of
0.72, The spiracle is sinistral. with the opening visible dor-
sally and laterally, and situated 62% along the body, 1he vent
18 medial, continuous with the ventral margin of the fin,
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Figure 8 ladpole ol fufo dombensis 243 mm

Ciral disc

I'he oral dise is not visible dorsally, and is 70% of the width
of the head at the level of the disc. The imental pap in the oral
papillae is 47% of the disc width. The oral papillae are
present as a smgle row, with extra papillas in the angle of the
mouth. The rostrodonts are finely serrated, with the auter half
bluck. The keratodomt formuly is 1214 1/0+1:2 in this speci-
men, although tvpically 1:11 173 in the batch examined

Caoleur in presarvative

Dorsally the tadpole is stippled black, solidly pigmented ovel
the head and body. The ventral surface is liahtly stippled,
with a clear mid-venteal band. The @il muasele s hebtly pra-
mented, except for a narrow strip along the ventral margin.
The darsal fin is lightly mortled, whilg the ventral {in is trans-
parent.

Measurements

I'he measurements of the tadpole (all in mm) are listed with
the range of measurements from the batch of four tadpeles In
parentheses. Tofal length 24 3 (21524537, head and rmunk 8.6
(7.3-8.6) trunk height 4.2 (3.4—4.2); tail Iicieht 4.8 {32 4.8);
caudal muscle height at wrunk 1.9 (1.5-2.17; nosirils start 1.1
from snoul (0.7 1, 1) eve starts 2.0 [rom snout (1.0-2.0);
spiracle starts 54 from snout (G154 k maximum trunk
width 5.5 (4555 head widih at level of eves 5.0/ (3.9-5.0);
distunce between luteral limils of eyes 2.9 {2.7-3.1); nostril
width (verteal) 003 (0.2-0.5) distance between nosteils 0.9
(0,91, 1% head width at disc 2.7 (2.3-2.9); dis¢c width 1.9
(149 2:3): mental gap 0.9 (0.9 1.5).

Buccal roof

The miermal nares converze anteriorly, at an angle of 457 o
the midline: Two small pustulations are found near the mid-
line anterior Lo the internol nares. Pwao Nattened postmarial pa-
pillae are tound anterior to the median ridge. The ridge 15
detined by a large central papillae and two elongated simple
papillag an each side. The buccal root arena possasses inore
than 20 small pustulations, with three long simple papillac on
each side, posteriorly,

Buccal floor

The anterior [ingual pad has six to eight small papillae. The
arena 1s nearly devoid of pustalations, but is fanked posten-
orly by seven papillae, of which the middle three are large.

Varation during develepment
I latchlings (stage 20, ZIFMK 66758) have small external gills
(ea. 0.3 mm), which are arranged in two main branches ‘on
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Figure 9 Outline drawings ol two twdpales in carlicr developmentil
stages. ZFMEK 66738 (1) above, stage 20: ZEME 66739 (2), below.
stape 27, Scale: 2o

eilher side (Fieure @) The hingl momber of keratodont rows
(two on the upper lip and three on the lower Lip) s aleeady
present aller 3 dayy (in stage 27 ZFMEK 66739), In all speci-
mens studied mn stages 27, number ot keratodont rows and
wirangement of keratodont rows on the upper lip tone external
undivided and one imremal divided row: formula 1 1+1) is
constant. In contrast. we obscrved u ruther large variabihity in
keratodont row arrancement on the lower lip. Mast speci-
mens, however, show three undivided rows. and we theretore
consider this arrangement (and thus the complete lormuly
|:1=173) as tvpical for Bufe dimbensiv), Ladpoles in early
stages (27 29 have a nearly entirely unpigmentad belly. Dur-
me further development, pigment cells seem o increasmgly
cover the belly from the Hanks: in stages 3133, only the cen-
tral hall of the bellv remains unpigmented, whereas in late
stages (35-260) the unprgmented part 15 redoced (O g narrow
central area, forming a light stripe as described above. Mean
relative tail lencth (calculated from data in Table 1) increased
from 35% ol wlal length i stage 20 to 60% in stages 27-29
(Figure 9). 63% in stages 3 1-33, and 64% in stages 34 36,

Colour in life

Severul tadpoles photographed in later stapes were dorsally
hight broswn, The rail was laterally dark brown with a variable
amount of bight brown to bronze markimes. On the tlanks, o,
there were some arcas with a dark brown sround colour with
distinet small bronse doting. The bellv was whitish. Some
plack prgment 15 visible on the dossal [in while the ventral [in
5 unpgmented,

Discussion

The taxonomy of southern African dwart toads 15 not satisfac-
torily resplved. Based on their Tirpe phienetic similarity, i
may be hypothesized that they constitute a monophylele
eroup ol closely related species, although no phyvlogenatic
study has so far addressed this guestion. In Gravbeal's (1997)
molecular study, Bufo verrebralis clustered in a lineage com-
prising four other Afvican taxa, that s Bufo cariepensis. Bufn
faitanus. Gfo gaearenn and Bufo mauritamicus, whereas the
remaining Atrican species included, that i B kivoloesses,
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Table 1 Measurements (in mm) and keratodont farmulae of Bifo dombensis
tadpaies In different developmental stages. TL = total length; BL = nead and
body length; TaH = maximum tail height; CM = height of caudal musculature at

trunk

Fadpole number Sinse I Bl I'nH Y herutodont tormia
LFMEK BETAR (1) Ly s 13 ] L3 -
SEME 6HT58(2) 20 &1 33 L1} 3 -
LIME 07581 4) 20 Al +4 0. (.5

LIMEK 66755 (1) 24 14 43 2.0 0.7 U S B
AFME G754 12) T %7 33 | 7 0.7 A3
ZFMEK 66739 11) 28 s 43 20 (g Fri+143
AEME GHTIN (4) .33 B.8 34 1.5 11 Li 13
APME 66759 13) 27 9.8 L 18 R LIEE VL2
AFME H6T00{1) 24 4.7 6 | 24 | L R B
ZEME AGTGN ) A [# 3 44 21 9 fIF -4 Y3
ZEME 66760 3) 28 13.7 ¥4 T3 L) 0 R 0 5 e
LMK G676 (4) 2% 13 5.0 4 R |:T=1ik13
SR an 76l () 3 195 73 1.4 [:3 55 I PR R S
SENMIE 66761 (2) 3 i3d i, 3.1 |2 |sl=kil+)2
ZFME 6676l (3) &Y oy 6.0 24 |1 T R 7 6t P
FIMVEK 66761 (4) W ITa i 0 24 4 g PR
LEMR 667621(1) M) 224 7.9 4.0 2.0 1 F+13
ZEME hnied (1) i3 2Lh 8.1 3.8 2.1 | 1113
SFENIR RTRI T {4 L 7.0 bt 1.7 |1=13
LZIME 66762 (4) EE 18,0 frdy L 1= il +13

Bufo maculats, Bufo steindachneri and Schismaderma ca-
rens formed a sccond, rather distant hneage. Povnlon &
Broadley (1988) argue thal in Namibia there are at |east four

taxa of dwarl toads recognizable on extermal features of

adults:

| Bt dambensis Bocage, [893, occuriing in north-western
Namibia und characterized by a very clearly shown vin-
panuim, a lack of spines on the head, and a lacking or
porly developed dark mterorbital bar

2. Bupor demeranny Mertens 1954, from the Kaokoveld!

Waterberg arca, dillering by a concealad tvmpanum,

spines on the head and difterent colour pattern,

Bufo hoexchi Ahl 1934, occurring south of the range of

damararius. and including the taxon fordint Parker, 1936,

4. Bufo kevangensis Povnton & Broadlev, 1988, described
fram Zimbabwe and also recorded rom extreme northern
Namibia, with a more granular skin and g Light vertebral
line. T3ased on the smeoth skin. absence of spines on the
head. “squat’ penerml appearance. well visible lympanum
and absence ol a licht vertebral ling, our speeimens can
clearly be referred to the taxon dumbeniis,

(Ybserved specimens of Bufo dombenyiy started calling lale
at mght, reaching a peak of calling acuvity around O1:00)
This is in contrast 1o the olher dwarf toads o Wamibia, which.
as far as is known, commence calling afler sundown, Accord-
mg to the sonagrams presented in Passmore & Carruthers
(1993, the calls of Brfo verrehralis (much higher nole repeti-

(L
-

tion rate of ca. | 1/s, pulses recogrizable on sonagram ) and of

Bufor fenoulhen (much longer note duration of ca: 500 ms)
ditfer considerably trom those ol Bufo dombensis. The call of
Bufo hoeschi is a series of short chirps (Channing, in press),
Presently the calls of Bufe jordawi and Bufo damaranis (i
distinet) are unknown,

The shape of the inlated voeal sac of Bufo dombensis difters
from that of other, lurge Bufo specics observed in Namibia.
such as Buwfo macwlatus and Bufts gueturaliz; these species had
a regularly rounded vocal sac. without an anteriorly conical
shape durmyg the call. The vocal sac of Bufo fenoulhett is un
even more exaggerated cone. Voeal sac shape mav be another
feature characterizing the species ol the Bufo vertebralis
group, but has su lar not been described for the other species
of the group.

The epos of Bufo dombensts are laid in strings that soon ¢ol-
lect as 4 cup-sized aecumulation in small depressions and be-
tween river stones. In other dwart toads, it has been ohserved
that cggs were lutd in long strings along sandy edees ( Bufo fe-
nondheri Matetsi, Zimbabwe! finfo hoeschuy Channing | 1976
Blutkoppie. Namibia), Feg strings of Hufo vertebraliv were
observed thickly entangled amongst stones and bits of grass
mn a temporary shallow pool { Wawer 1963),

The tadpole of B dombensis has the broad mental gap in the
row of oral pamllae tvpical for southern African bufonids
(Van Dijk 1971) which allows an inunediate distinction from
maest ranid and hyperohid tdpeles, Tadpole keratodant for-
mulac arc, as far as 15 known, the same in all southemn African
Fufo species (e, Wager 1963), but the B dombensiy tadpole

5. AIL ) Zool. 1995, 3:0(2)

van be separated [rom the other tadpoles of Bufo in the area. It
cany be distinemished from that ol Buto maculares which has
an internarial ratio of 0.09-00 12, an extra-ocular proportion of
0.4, and an unpigmented dorsal lin (Channing 1972, as Bufo
pusellies). At the moment 1t is not known i the tadpoles of
Bufo fenandheri. 8. hoeschr and 8. domaranus can be distin-
guished ( Van Dk 1971 ) Larval differences between all these
dwarf toad species may be found in internal buccal characters
which seem 1o be nseful o distinguish between radpoles of
closely related taxa

Pescribed in 1895, Bufor dombenyis is one of the early spe-
cies In the Dufe verteSrals aroup. Data presented herein pro-
vide some clartfication on the status of several laxa in (he
vroup, Advertisement call differenees o Bufis vertehradis
Smith. 1848, demonstrate the validity of Bufo dombensis.
Since advertisement calls of nfo hoeselr Ahl, 1934 and Bufo

SJrenoudferr Hewitt & Methuen, 1913 differ from those of Bufa

dombenses and Budo varrebralis, these, oo, are Clearly 1o be
resarded as valid species. Hufo hoeschi is not a junior syno-
wvm of Bufo dombensis as hypothesized by Tandy & Keilh
(1972). On the ather hand, the staws of the axa fordani
Parker, 1936 and damaranny Mertens, 1954 still remain unre-
solved.

Onlv incomplete information on ecology and biology of
most Namibian dwarl toad species has been pubhshed. al-
thoueh distributional and ceological information for Bufo
hoesefn s available (Channing [976. Channing & Stoart
1976). The and areas may vel prove o be unexpected centers
of frog speciation. Sufir rohinson was recently deseribed
from the southern border of Namibia (Branch & Braack
19495) and apparently is found only in this area of Namagua-
land.
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