Fading out of view: the enigmatic decline of Rose’s
mountain toad Capensibufo rosei
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Abstract Rose’s mountain toad Capensibufo rosei survives
in a few isolated montane populations in the south-western
Cape of South Africa. It comprises several cryptic species
but it is uncertain whether the lineage on the Cape
Peninsula is distinct. We tested the hypothesis that toads
from the Peninsula form a single genetic lineage but that
different breeding sites are divergent at a population level
as a result of limited dispersal abilities. Directed surveys
were carried out to locate breeding sites and samples ob-
tained were analysed in a phylogenetic and population
genetic framework, using two mitochondrial markers. We
found toads breeding at only one of five known historical
breeding sites, although one new breeding site was also
recorded. No toads were observed at 15 other non-breeding
localities where they were historically observed. Toads from
the two active breeding sites formed a single lineage that
was sufficiently distinct to be given species status. However,
these were discrete at a population level, with no shared
haplotypes, suggesting no gene flow between sites. One
site was particularly low in genetic diversity, implying
increased vulnerability to stochastic events and elevated risk
of extinction. These results, coupled with the failure to
locate historically known sites on the Cape Peninsula, make
this newly recognized Peninsula endemic a conservation
priority. Efforts should focus on the protection and
expansion of the two known surviving populations and
the patches of habitat upon which they rely.
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Introduction

midst growing concern over the biodiversity crisis

and the suggestion that we are currently experiencing
the sixth mass extinction, declines in amphibian species
are significant. More than one third of amphibians are
in decline, with proportionately more species at risk of
extinction than any other taxonomic group (Stuart et al,,
2004). Furthermore, data pertaining to amphibian declines
are probably underestimates because of the large number
of poorly studied species (Stuart et al., 2004). Although
there is no single factor that explains amphibian declines,
habitat destruction and alteration are commonly cited as
the most significant threat (Collins & Storfer, 2003; Beebee
& Griffiths, 2005; Measey, 2011). Some declines represent
a phenomenon that goes beyond these observable causes,
occurring in areas that are protected and/or relatively
pristine (Stuart et al.,, 2004). Such enigmatic declines are
more difficult to redress and reveal inadequacies in our
understanding of species as well as our approaches towards
habitat protection (Collins & Storfer, 2003).

A dearth of baseline data on the population dynamics
of amphibians and the relatively brief and anecdotal nature
of many studies have led to difficulties in discerning
between natural population fluctuations and human-
induced declines (Barinaga, 1990; Pechmann et al., 1991).
As a result, mitigation measures are often delayed and this
has probably led to the demise of numerous amphibian
populations and in some cases entire species (Pounds &
Crump, 1994). In the absence of long-term quantitative data
biologists use information on historical distribution and
abundance garnered from museum records or natural-
history databases (Kress et al., 2001). Although such data
typically lack information on observed absences, historical
presences can direct current search efforts (Skelly et al.,
2003).

Capensibufo Grandison, 1980 (Anura: Bufonidae) is a
genus of African dwarf toad that consists of two recognized
species, C. rosei and the allopatric C. tradouwi. Both species
are isolated on montane plateaux in the Cape Fold
Mountains of South Africa, within the fynbos habitat, a
Mediterranean-type heathland that characterizes these
mountains (Fig. 1). C. rosei is categorized as Vulnerable on
the TUCN Red List (SA-FRoG, 2010) and a recent national
strategic exercise prioritized this species for conservation
work relating to surveying, monitoring and taxonomy
(Measey et al., 2011). A recent phylogeny of C. rosei and its
congener C. tradouwi shows divergences consistent with
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Fic. 1 (a) Historical breeding sites of Rose’s mountain toad Capensibufo rosei on the Cape Peninsula, South Africa. (b) The horizontal
cross-hatching shows the presumed distribution of C. tradouwi and the vertical cross-hatching shows the presumed distribution
of C. rosei incertae sedis, with C. rosei distributed only on the Cape Peninsula. The rectangle on (c) indicates the location of

(b) and the rectangle on (b) indicates the location of (a).

multiple species and suggests that C. rosei sensu lato
comprises cryptic species (Tolley et al., 2010). Presumably
all populations on the isolated Cape Peninsula represent a
single clade but this conclusion is based on only two
individuals from a single breeding site (Tolley et al., 2010). It
appears that the current conservation status of C. rosei was
assessed using insufficient taxonomic knowledge, exacer-
bated by the lack of distributional data as a result of the
cryptic nature of these toads. Unlike most other anurans
C. rosei has no call (Grandison, 1980) so all records are based
on direct observations of individuals. Its montane distri-
bution, small body size (<2 cm) and cryptic colouration
coupled with densely vegetated habitat and a short breeding
season (c. 2 weeks in late August) have resulted in a paucity
of records (Minter et al., 2004).

To verify the geographical distribution of C. rosei on
the Cape Peninsula and to examine possible trends of
population persistence, gain and loss we compiled all
historical records from the Cape Peninsula and carried out
dedicated surveys to locate breeding populations. We also
examined the hypothesis that all breeding sites on the
Cape Peninsula form a monophyletic clade at the species
level (using mitochondrial markers, ND2 and 16S) but that

these breeding sites are distinct at the population level.
Levels of genetic diversity at each breeding site were assessed
to highlight the potential vulnerability of Capensibufo spp.
to environmental change (e.g. stochastic events) and risk of
extinction. The combination of phylogenetic and popu-
lation genetic analyses, with the examination of historical
records, allowed a critical assessment of the current
distribution of C. rosei, which has implications for setting
conservation priorities for this species.

Methods

To direct the search effort, historical records from museums
and the literature were compiled from the Global Bio-
diversity Information Facility as well as directly from
relevant institutions. Records from the Atlas and Red Data
Book of the Frogs of South Africa, Lesotho and Swaziland
(Minter et al., 2004) were also included, as were field notes
and anecdotal information from local herpetologists. We
assumed that records of individual adults probably rep-
resented nearby breeding populations at the time they
were recorded. Teams of 1-8 people searched 12 historically
recorded sites (Supplementary Table 1) on at least 26
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occasions over 4 years (2008—2011). Each search lasted c. 4
hours and was carried out during daylight, when the likeli-
hood of sighting toads or tadpoles was greatest (Fig. 1). This
toad does not produce any breeding call and therefore the
breeding aggregations are silent both day and night (GJM &
KAT, pers. obs.). C. rosei breeds in ephemeral pools filled by
winter rainfall (de Villiers, 2004), typically located on
mountain plateaux (Supplementary Table 1). The sites on
the Cape Peninsula are characterized by low fynbos veget-
ation (< 0.5 m) and observers were able to look directly into
any small seepage pools. Target areas were scoured, such
that all pools were examined for any evidence of aggregating
or individual toads and/or spawn and tadpoles, and stones
that could provide refuge to adult toads were lifted. To
maximize detection, searching began during the breeding
season (mid to late August), when dense aggregations of
adults form for c. 2 weeks. Searching for pools containing
spawn and tadpoles continued until the end of October,
when metamorphosis occurs (de Villiers, 2004).

Only two breeding sites were located on the Cape
Peninsula, at Silvermine Nature Reserve and Cape of Good
Hope Nature Reserve (hereafter referred to as Cape Point;
Fig. 1), both of which were sampled for genetic analysis.
Toe clips were taken from toads at Silvermine (n = 31) and
Cape Point (n =29) in 2011 and stored in 99% ethanol.
Total genomic DNA was extracted using the DNeasy Tissue
Kit (Qiagen, Valencia, USA). Portions of two mitochondrial
markers, NADH dehydrogenase subunit 2 (ND2) 535 bp
and 16S ribosomal RNA (16S) 508 bp, were amplified by
polymerase chain reaction (PCR) in 25 pL reaction volumes
containing 0.3 mM of dNTPs, 2.5 mM of MgCl,, 0.3 pM of
both forward and reverse primers, 0.25 units (ND2) and 0.2
units (16S) of Taq, and 2.0 uL of DNA extract (25-45 ng/uL).
ND2 was amplified using the primers vMet2 and vTrp
(Cunningham & Cherry, 2004) and 16S was amplified using
the primers 16Sa and 16Sb (Palumbi et al., 1991) or 16SaL to
16SbH (Vences et al., 2005). PCR products were sent to
Macrogen, Korea, for sequencing, and alignments were
generated using Geneious Pro 4.7 (Drummond et al., 2009).
Sequences were deposited in the EMBL nucleotide sequence
database (16S: HG321460-HG321469 and ND2: HG321470-
HG321482; Supplementary Table 2).

To determine the taxonomic placement of the Cape
Peninsula breeding sites a dataset with both markers was
constructed, using five individuals per breeding site plus
sequences of 30 individuals from the species-level phy-
logeny (Tolley et al., 2010). Prior to analysis jModelTest
v. 0.1.1 (Posada, 2008) was run for each marker to investigate
the evolutionary model that best fit the data set, using a
likelihood optimization function. For both markers Akaike’s
information criterion (Akaike, 1973) indicated that the
TrN + G substitution model (Tamura & Nei, 1993) was
the best fit. Phylogenetic analysis of 1,043 characters
was performed using Bayesian inference in MrBayes

Rose’s mountain toad

v. 3 (Ronquist & Huelsenbeck, 2003). The data were
partitioned by marker, with priors specifying six rate
categories plus gamma. Markov chain Monte Carlo was
run twice in parallel with four independent chains starting
from different initial random trees, for 10 million genera-
tions. Trees were sampled every 1,000 generations and the
first 3 million generations were removed as burn-in. Burn-in
was determined by examining the standard deviation of
split frequencies for stabilization and whether the effective
sample size was >200 for all parameters, using Tracer v. 1.4.1
(Rambaut & Drummond, 2007). A 50% majority rule
tree was constructed and nodes with =0.95 posterior
probability were considered supported. A partitioned
maximum likelihood search was run in RAXxML v.7.2.8
(Stamatakis, 2006) at the CIPRES Science Gateway (Miller
et al,, 2010), using the same partitions and model as the
Bayesian analysis plus automatic halting of bootstrapping
(Stamatakis, 2006; Stamatakis et al., 2008). Nodes with a
bootstrap value of =70% were considered supported in this
analysis.

Population genetics methods were used to examine the
genetic structure of the two located breeding sites on the
Cape Peninsula, in Arlequin v. 3.1.1 (Excoflier et al., 2005).
Haplotype diversity (h) and nucleotide diversity (m) were
estimated. Population structure was inferred with analysis
of molecular variance (AMOVA) by estimating Fsp and
®gr under the Tamura-Nei model with the gamma shape
parameter (o = 100). Significance was determined by 10,000
random non-parametric permutation replicates. Net se-
quence divergence (uncorrected P-distances) between the
two breeding sites was estimated in MEGA v. 4.0 (Tamura
et al., 2011).

Results

In addition to our surveys we obtained 124 C. rosei records
from seven museums, 48 records from herpetologists’ field
notes, 10 anecdotal records from local researchers and one
record in the literature, spanning 110 years (1901-2011). Four
of the sites had names so vague that it was not possible
to identify their precise locality on the Peninsula (Fig. 1;
Supplementary Table 1). Most observations were made in
August and September, coinciding with the breeding season.
Since 1983 all recorded attempts to find the toad at two
previously well-known breeding sites on Table Mountain
(Maclear’s Beacon and Platteklip Gorge) have been negative,
despite targeted surveys. Active breeding sites were reported
east of the Old Cape Road (Silvermine area) and at
Olifantsbos (Cape Point area) up until the 1970s. This
suggests that at least four known breeding sites were not
rediscovered.

During targeted surveys toads were found at only
one historically known breeding site (Silvermine) and
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a previously unknown breeding site at Cape Point (although
this was close to historical observations of single indivi-
duals), both of which had adult toads, spawn and tadpoles.
At the Silvermine site there were hundreds of adult toads,
whereas there were < 100 at Cape Point (GJM & KAT, pers.
obs.; additional work is being carried out to estimate the
population size). The exact locations of these two breeding
sites are withheld because of the sensitive nature of these
populations, and the risk of disturbance. No additional
breeding sites were located despite dedicated surveys
(Supplementary Table 1). We failed to find any individuals
at 15 previously recorded locations of non-breeding
toads. Six of the survey sites where we did not locate
C. rosei have apparently suitable habitat for the species
(pristine vegetation, standing pools of water). The four
exceptions are Jackal’s Drift (developed into a residential
area), Ocean’s View (invaded by alien vegetation), east
of Old Cape Road (large tar road constructed during
1965-1968) and Platteklip Gorge on Table Mountain
(influenced by tourism because of its location along a
main footpath at the top of a popular cableway).

The phylogenetic analysis indicates that both breeding
sites from the Cape Peninsula form a well-supported
monophyletic lineage (Fig. 2). There were no shared
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Fic. 2 The best likelihood tree for
Capensibufo spp., based on amplified
fragments of 16S and ND2 markers.
Circles at each node indicate the level of
support: filled circles, =70% likelihood
bootstrap and =0.95 Bayesian posterior
probabilities; unfilled circles, =70%
likelihood bootstrap.

haplotypes between the sites and haplotype (h) and
nucleotide (m) diversity were substantially greater for
the Silvermine breeding site than for Cape Point
(Table 1; Supplementary Table 2). The analysis of molecular
variance showed a significant difference between the two
breeding sites (Fst = 0.79, @sr = 0.89, P < 0.001) although
net sequence divergence (uncorrected P-distance) between
the sites was within the range expected for populations of a
single species (0.04% for ND2). In comparison, P-distances
between the Cape Peninsula populations and those from
other lineages were 9-12% for ND2, similar to that usually
found between amphibian species (Cunningham & Cherry,
2004; Vences et al., 2005; Supplementary Table 3).

Discussion

Despite a dedicated search effort over a number of years
only two breeding sites of C. rosei were located on the Cape
Peninsula (Silvermine and Cape Point). Although there
may be additional undiscovered populations, the species has
not been observed at at least four historically known
breeding sites since the 1980s, suggesting local extinction
of some breeding populations. These apparent losses are
of particular concern because the disappearance of

doi:10.1017/50030605313001051
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TaBLE1 Summary statistics for the two populations of Rose’s mountain toad Capensibufo rosei on the Cape Peninsula, South Africa (Fig. 1),
with location, number of individuals, number of haplotypes, genetic diversity and nucleotide diversity.

Location No. of individuals No. of haplotypes Mean genetic diversity (h) £ SE Mean nucleotide diversity (z) = SE
Silvermine 33 3 0.322+0.097 0.00063 +0.00071
Cape Point 29 2 0.069 +0.063 0.00012 +0.00030

populations can be the prelude to species extinction
(Ceballos & Ehrlich, 2002).

Overall, the phylogenetic analysis suggests that the
Cape Peninsula lineage is best treated as a separate species.
Our results, together with our current knowledge of the
phylogenetics and geographical distribution of C. rosei,
make it clear that the taxonomy of this genus needs to be
updated. However, more comprehensive sampling coupled
to genetic and morphological analyses are required for
a thorough assessment of the genus. Nevertheless, it is
possible to confidently recognize that the Cape Peninsula
lineage is sufficiently distinct to be given species status. As
C. rosei was described from a holotype collected on the Cape
Peninsula (Hewitt, 1926), the Cape Peninsula populations
retain the name Capensibufo rosei and populations within
the remainder of the distribution are placed in a state
of incertae sedis. A re-evaluation of the categorization of
C. rosei sensu stricto on the IUCN Red List will undoubtedly
lead to a change in the current categorization of Vulnerable,
given the considerably reduced Area of Occupancy and
Extent of Occurrence. In turn, a new categorization will
demonstrate the necessity for conservation action. There is
now a more urgent need to assess the other Capensibufo spp.
to clarify their taxonomic status and check for potential
declines.

Although the two breeding sites (c. 20 km apart) on the
Cape Peninsula form a single monophyletic lineage, they
are differentiated at the population level by significantly
high values of both Fsr and ®gr. There were no shared
haplotypes between sites, indicating that gene flow across
the 20 km between them is unlikely. Disruption of gene flow
may be exacerbated by the apparent loss of other Cape
Peninsula populations, disconnecting dispersal pathways
and causing a loss of haplotypes in flanking populations
(Page & Holmes, 1998). It is important to note, however,
that amphibians are usually restricted to relatively isolated
populations associated with discrete breeding habitats
(Beebee, 2005; Jehle et al., 2005) and can therefore exhibit
strong population structuring over relatively small spatial
scales. Therefore, findings could be the result of the two
breeding sites being located at different ends of the original
range.

Although diversity values for the Silvermine population
are similar to those of other anurans (e.g. Crawford, 2003;
Fitzpatrick et al., 2009; Measey & Tolley, 2011), nucleotide
diversity is an order of magnitude lower for the Cape Point

population (Table 1). During the field surveys it was noted
ad hoc that the number of tadpoles and quantity of spawn
were lower at Cape Point than at Silvermine and no
metamorphs were observed at Cape Point in 2010 or 2011.
Although this could reflect natural fluctuations in popu-
lation size, the apparent loss of other Cape Peninsula
populations over the past 40 years raises concerns over the
long-term viability of the remaining population. Declining
populations often display low genetic variability, where a
reduction in the effective population size causes only a small
number of haplotypes to persist (Page & Holmes, 1998;
Allendorf & Luikart, 2007). A reduction in population size
can be of further detriment as a result of an increase in the
amount of inbreeding, which in turn reduces the genetic
diversity through drift (Ghiselin, 2002). In anurans this has
been linked directly to fitness and recruitment, where lower
than mean hatch, larval growth and larval survival rates are
attributed to a loss of genetic variation (Rowe et al., 1999;
Semlitsch et al., 2000; Rowe & Beebee, 2003; Andersen et al.,
2004). Thus, the Cape Point population is of particular
conservation concern because of the lack of genetic
diversity, its apparent isolation and our ad hoc observations
of low population numbers.

Although it is not possible to definitively identify
the cause of the apparent demise of C. rosei on the Cape
Peninsula, it is possible to infer circumstances at some sites.
The breeding site east of the Old Cape Road was probably
altered by the construction of the tar road during 1965-1968.
The Platteklip Gorge site on Table Mountain is influenced
by human presence, with hundreds of thousands of visitors
travelling by cableway to the mountaintop annually
(e.g. there were >780,000 visitors estimated in 2002;
SANParks, 2004), and there are now a major footpath and
numerous side paths at the old breeding site. Additionally,
beginning in the 1850s Table Mountain was afforested
with pine plantations (Huntley, 1999), although they never
extended to the areas where C. rosei was historically
recorded. Likewise, parts of Silvermine and Cape Point
were previously invaded by alien plants, which have since
been removed. Much of the natural habitat has been
restored but the entire peninsula has been affected by
human activity. The former plantations, invasive plant
species, the existence of several major dams for water
supplies, and the management practice of excluding the
natural fire regime of the fynbos may have altered the
habitat in subtle ways. The loss of breeding sites that have
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apparently suitable habitat, with natural vegetation and
pools of water, suggests that the species has experienced
some form of enigmatic decline, possibly as a result of
indirect habitat alteration. However, we cannot rule out
other potential causes of these enigmatic declines, such as
the chytrid fungus or effects of climate change, although
the former seems unlikely given that C. rosei has tested
negative for the fungus (Tarrant et al., 2013).

Amphibian declines on the Cape Peninsula do not
appear to be particularly uncommon. Eight of the 27
amphibian species that occur there are threatened (Measey,
2011) but the causes of most declines are easier to recognize.
For example, four of these species (Amietophrynus panther-
inus, Hyperolius horstockii, Microbatrachella capensis,
Xenopus gilli) have the bulk of their distribution in and
around the Cape Town metropolitan area (c. 2,500 km?,
with a human population of >3.5 million). Within the
metropolis 800 km® is completely transformed, with a
20-fold increase in developed area since 1900 (Rebelo et al.,
2011). Little original habitat remains and these species
now have very small and fragmented distributions. For
example, the Critically Endangered M. capensis, which has
an estimated Area of Occupancy of only 7 km?, exists at four
breeding sites only, one of which is located entirely inside
awetland at the centre of a horse racing track (Measey, 2011).
Although the historical and present distribution of C. rosei
is almost entirely within what is now a protected area
(Table Mountain National Park, which encompasses both
Silvermine and Cape of Good Hope Nature Reserves),
this species still appears to have undergone a steep decline in
the last several decades.

Our results suggest an urgent need for management
interventions and immediate re-assessment of C. rosei sensu
stricto for the IUCN Red List. Being historically isolated,
geographically distinct and reciprocally monophyletic,
both Cape Peninsula populations should be treated as
separate management units. Conservation efforts should
focus on the protection and growth of each individual
population and the patches of suitable habitat on which
they rely. Ideally, restoration of connectivity across the Cape
Peninsula, possibly through reintroductions at historical
sites that still retain suitable habitat, should help to re-
establish gene flow and promote diversity. The specific
habitat requirements and presumed restricted dispersal
ability could hinder the species’ ability to recover from
catastrophic events. Noteworthy in this regard is the Cape
Point population, which has low numbers of adults,
tadpoles and spawn and unusually low genetic diversity.
This population is of global conservation importance as its
loss would result in this species being restricted to a single
breeding site, placing it on the brink of extinction. If acted
upon, the evidence and management recommendations
provided by this study may contribute to the future survival
of this rare Cape Peninsula endemic.
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