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APPENDIX |
SPECIMENS EXAMINED

Bufo macrocristatus.—GUATEMALA: HUEHUE-
TENANGO: Santa Cruz Barillas, 1650 m (KU 104115).
MEXICO: CHIAPAS: 6.8 km E Rayén Mescalapa
(UTA A-27857-59).

Bufo marinus.—BELIZE: CAYO: Rio On, 8.7 mi N
San Luis (KU 157685). COSTA RICA: PUNTARENAS:
Rincon de Osa, 5 m (KU 104288). HONDURAS: SAN-
TA BARBARA; 4 km SW Quimistan, 175 m (KU
68328); FRANCISCO MORAZAN: El Zamorano, 850
m (KU 104116). PANAMA: SAN BLAS: Camp Sasar-
di, 12 m (KU 116723). PERU: MADRE DE DIOS: Cuz-
co Amazonico, 15 km E Puerto Maldonado, 200 m
(KU 205826).

Bufo wvalliceps.—GUATEMALA: HUEHUETENAN-
GO: Carretera Camoja Grande-Nenton, Km 361, 795
m (UTA A-48106). MEXICO: HIDALGO: 38.5 km SW
Huejutla (UTA A-19233-36). USA: TEXAS: Tarrant
County, drainage off Davis Rd., across street from
campus [UTA] police station (UTA A-45074).

Bufo tutelarius—MEXICO: OAXACA: stream on
slope opposite W slope Cerro Batl, 8.8 km rd km N
Colonia Rodulfo Figueroa, 1100-1200 m (UTA A-
51647-52; MZFC 10138).
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cordata) Seeds by the Augrabies Flat
Lizard (Platysaurus broadleyi)
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Several recent studies have identified lizards as seed
dispersal agents (Iverson, 1985; Whitaker, 1987; Tra-
veset 1990; Valido and Nogales, 1994). Hence, it is rea-
sonable to hypothesize that fig eating lizards such as
Ctenosaura similis (Roberts and Heithaus, 1986) and
Platysaurus broadleyi (Whiting and Greeff, 1997) may
disperse fig seeds. Figs typically produce either small
red figs that are dispersed by birds (Coates Estrada
and Estrada, 1986; Bronstein and Hoffmann, 1987;
Lambert and Marshall, 1991; Compton et al., 1996), or
green odoriferous figs that are dispersed by bats (Kal-
ko et al, 1996). Ants often play an important second-
ary role in moving seeds from feces to good quality
germination sites (Roberts and Heithaus, 1986; Kauf-
mann et al, 1991). An array of mammal species as
diverse as monkeys and agoutis also disperse seeds,
but they are often seed predators (Roberts and Hei-

! Address for correspondence.


mailto:@tn~.upar.~a

SHORTER COMMUNICATIONS

thaus, 1986). Aquatic animals such as turtles (Moll and
Jansen, 1995) and fish (Conceigdo de Souza-Stevaux et
al,, 1994; Horn, 1997) disperse the seeds of riparian
figs.

Ficus cordata cordata produces small red figs, typical
of a tree whose seeds are dispersed by birds. The mi-
crohabitats of this tree and the Augrabies flat lizard
(Platysaurus broadleyi) closely coincide with each other.
This small cordylid lizard (adult snout-vent length
range: 64-84 mm) is restricted to rocky outcrops in
the Northern Cape Province and southern Namibia,
and is particularly abundant along the Orange river
(Branch and Whiting, 1997), where it seeks refuge in
deep crevices. In previous studies we showed that
adult P broadleyi feeding underneath Namaqua fig
trees consume an average of one fig every three min-
utes (Whiting and Greeff, 1997) and that large groups
of more than a hundred lizards (maximum recorded
= 134) aggregate underneath fruiting fig trees (Whit-
ing and Greeff, 1999).

We evaluated the possibility that P broadleyi dis-
perses Namaqua fig seeds by comparing germination
success and germination speed of un-ingested (con-
trol) seeds to seeds ingested by lizards and sympatric
vertebrates (hyraxes and birds) that also feed on figs.
We quantified the distance over which this lizard can
act as a disperser and measured the energy content of
figs to determine the energetic gain to the lizard.

During April 1996 we studied a population of P
broadleyi at Augrabies Falls National Park (28°35'S,
20°20'E), Northern Cape Province, South Africa where
the Namaqua fig is a dominant component of the veg-
etation. See Branch and Whiting (1997) and Whiting
and Greeff (1997) for a detailed description of the
study area.

We performed a systematic search for all fig trees
on the southern bank of the Orange river, within the
confines of the park, and noted whether a tree was
growing in a sandy or rocky substrate. Of the 92 trees
we surveyed, only three (3.3%) grew in sand and these
probably germinated in rock crevices later covered by
sand.

We collected feces containing fig seeds from P
broadleyi, birds (mostly Onychognathus nabouroup and
Pycnonotus nigricans), and rock hyraxes (Procavia capen-
sis). These were the only diurnal animals observed to
feed on figs, although primates (Papio ursinus and Cer-
copithecus aethiops) may sometimes eat figs. Uneaten
fruit was also collected underneath trees. These sam-
ples were transported to Pretoria for germination tri-
als. Seeds that were not parasitized by fig wasps were
removed from feces and figs. Groups of five seeds
were isolated from 10 figs and 10 fecal pellets of each
of the three possible dispersers. The seeds were plant-
ed in two seed trays (each seed in its own compart-
ment) with coarse sand and placed in a temperature
regulated room at 25 C with a 14:10 L:D regime.
Seeds were watered daily with distilled water and ger-
mination was scored with the first appearance of the
leaves above the soil surface. The experiment ran for
35d.

There was no significant difference between the ger-
mination success of the four treatments (Kruskal-Wal-
lis, P = 0.092; Table 1), but there was a significant
difference in the germination time between the four
treatments (Kruskal-Wallis, P = 0.0169; Table 1). A

329

TaBLE 1. Germination success expressed as the
number of the 5 seeds in each block that germinated,
and the time to germination for the averages of each
block of 5 seeds, only considering seeds that germi-
nated.

Germination success

Treat- (N = 20) Days to germination

ment Mean SE Range Mean SE  Range N
Control 240 030 0-5 2435 0.97 16.7-33 19
Lizard 235 033 04 2056 0.85 14-25 16
Bird 170 034 0-5 2344 110 18-35 15
Hyrax 145 028 04 2531 104 19-34 16

post hoc comparison of mean ranks revealed that
seeds eaten by lizards germinated significantly (P <
0.05) faster than those eaten by hyraxes.

Even though we could not show that digestion by
lizards enhanced germination success or reduced time
to germination, our results suggest that seeds are not
adversely affected. The decrease, albeit non-signifi-
cant, in germination time of lizard ingested over con-
trol seeds might be important in harsh and dry en-
vironments where seeds have little time to establish
themselves after brief and erratic rains.

The rock hyraxes that commonly feed on figs
(Smithers, 1971; Compton et al, 1996), also inhabit
microhabitats suitable for germination. However, hy-
rax-ingested seeds germinated significantly slower
than lizard-ingested seeds, and many of the seeds eat-
en by hyraxes were so damaged that they could not
be used in the germination trials. Through thorough
mastication, mammals commonly reduce the viability
of seeds (Compton et al, 1996). Other studies have
found that digestion of seeds can increase (birds;
Compton et al., 1996) or reduce (fish; Horn, 1997) ger-
mination speed or increase the variance in germina-
tion time (bats; Izhaki et al., 1995).

To obtain a quantitative impression of the distances
over which P. broadleyi may be able to disperse seeds
we scanned the surrounding rocks for fecal pellets
and measured the distance to the nearest fruiting tree
(N = 2 trees). Fresh fecals immediately stick to the
rocky substrate and therefore provide an accurate
measure of the dispersal effort of the lizard. Platysau-
rus broadleyi feces containing fig seeds were recorded
at an average of 120.0 m (N = 18 fecals, SD = 40.7),
ranging from 57 to 187 m from the nearest fig tree.
These lizards can thus serve as relatively long distance
dispersers. The high numbers of lizards consuming
large number of figs beneath fruiting trees (Whiting
and Greeff, 1997) have the potential to disperse large
numbers of seeds. This evidence suggests that P broad-
leyi could be an important seed disperser of E c. cordata
at Augrabies.

Uneaten ripe figs were collected from a tree and
brought to the laboratory for calorific analysis with a
CP400 mini bomb calorimeter. Figs were oven dried
at 60 C. Due to their small size, five groups of five or
six figs were ground up together, weighed, and
pressed into a pellet, which was loaded into the bomb
calorimeter. The figs had an average dry weight of
0.0928 g (N = 29) and contained an average of 22.280
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kJ/g (SE = 0.263, N = 4 groups of six fruit and one
of five).

The energy content of the figs is similar to the 22.6
kJ/g recorded for insects (Golley, 1961). In terms of
energy, one single fig must therefore be the equivalent
of many black flies (Simulium spp.), which is the most
common prey of P broadleyi. Since the lizards do not
digest seeds, our estimate of the digestible energy
content is liberal, but the fig may represent a substan-
tial reward to the lizard. Another benefit to eating figs
in this arid environment is their high water content
(87.2% of the pulp of E burtt-davyi; Compton et al.,
1996). It therefore appears as if both the lizards and
the fig trees gain from this feeding-dispersal relation-
ship, although a rigorous test of a mutualistic rela-
tionship awaits further study.
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Differences in the relative timing of homologous de-
velopmental events among closely related species,
known as heterochronies, may provide valuable clues
in understanding evolutionary relationships (McKin-
ney, 1988; McNamara, 1995). Examining the timing of
myogenic events is a relatively easy and effective
method for finding heterochronic events. For example,
whether muscle proteins and myofibrils appear before
or after multinucleation can be determined through
histological techniques (Kielbowna, 1981). Simple ob-
servations of live specimens can pinpoint functional
landmarks such as first twitch (spontaneous or due to
external stimuli) and first heartbeat.

Heterochronies are known to exist in amphibian
myogenesis, particularly in the formation of axial
muscles. A common pattern of muscle development,
as seen in the common Eurasian spadefoot toad (Pe-
lobates fuscus), begins in the myotome with the ap-
pearance of mononucleated myotomal myoblasts,
which then fuse to form elongated, multinucleated
muscle cells (Kielbowna, 1981). The muscle fiber then
synthesizes myofibrils, which is followed by first
twitch (see Radice et al., 1989 for review). Xenopus lae-
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