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Abstract: The diversity and distribution of the amphibians in Rwanda was critically reviewed to
provide a reliable species inventory for informed conservation management. The checklist of the
amphibian species of Rwanda is based on results of our own fieldwork, historical records compiled
from the literature, and examination of voucher specimens in museum collections. A total of 62
species are recorded, and 22 further species listed in field guides and open-access data bases are
discussed, identified as erroneous records, and consequently not included in the country list. We
provide diagnostic characters of external morphology and the advertisement call for each validated
species, and a short synopsis of geographic distribution, altitudinal range, occurrence in the provinces
of Rwanda, and habitat preference. We provide keys to all genera, and all taxonomically described
species based on morphological characters and additional keys based on features of the advertisement
calls. We discuss features of amphibian communities including local community structure and
delimitation of altitudinal metacommunities. Based on the IUCN red list assessment and our field
surveys, we propose for the first time a national red list of amphibians in Rwanda.

Keywords: Anura; Gymnophiona; taxonomy; morphological features; species diagnoses; advertise-
ment calls; ecology; distribution; identification keys; red list; Albertine Rift

1. Introduction

Until today, the assessment of the diversity of the Rwandan amphibians and their
distribution in the country has remained incomplete. In regional treatments of amphibians,
Rwanda was usually not covered, the presence and distribution of species in Rwanda
were extrapolated from records from outside the country or coarsely described based on
information from the middle of the 20th century [1-8]. Even though herpetological field
work has been conducted for more than a century in Rwanda, the country must still be
considered poorly explored in comparison to other countries of the region, like Tanzania or
Kenya.

The first major collection of Rwandan amphibians was made by Hermann Schubotz
on the scientific expedition under Duke Adolf Friedrich of Mecklenburg from 1907 to
1908 [9]. Additional specimens were collected subsequent to the expedition by the Austrian
zoologist Rudolf Grauer in the same region, and the combined material, which had been
deposited in the collection of the Zoologisches Museum Berlin (ZMB), was later examined
by Fritz Nieden who identified 20 species of frogs among the 400 collected specimens, of
which he described five as new [10,11]. Species of the genus “Rappia” (to which Nieden at
that time referred species of the genera Afrixalus, Hyperolius, and Leptopelis) were not treated
by Nieden “because of the associated difficulties”. Nieden [11] stated that “additional
research is required to get to know entirely the fauna of this region”. The Rwandan frog
specimens including those of the genus “Rappia” were re-examined by Ernst Ahl, who
during his engagement as “Wissenschaftlicher Oberassistent” at the Department of Her-
petology and Ichthyology of the ZMB published a series of papers, in which he described
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many new species [12-18]. After the territory which is now Rwanda had become part
of the Belgian Congo after World War I, expeditions to explore the Rwandan fauna were
primarily conducted by Belgian zoologists, but also by researchers from other countries.
Noteworthy is the expedition of the Harvard Medical School in 1926 during which am-
phibians, including the types of a new frog species, were collected in Rwanda [19,20]. The
most substantial contribution to the exploration of the Rwandan herpetofauna so far was
made by Belgian herpetologists, most notably Gaston-Francois de Witte and Raymond
Ferdinand [Louis-Philippe] Laurent. Several expeditions to the Belgian Congo were lead
and accompanied by de Witte during which he made important collections of amphibians
and reptiles [21-23]. Laurent was arguably the most important contributor. Starting in
1940, he wrote more than 100 publications on Africa’s herpetofauna, including Rwandan
amphibians [24-46]. Whereas his earlier work was based on collections in the Royal Mu-
seum for Central Africa in Tervuren, Belgium, and other European museums and on loan
he received from Parcs Nationaux du Congo Belge, he also made huge own collections on
expeditions in Central Africa between 1950 and 1960 [47]. Laurent provided many new
locality records of amphibians and described a huge number of new taxa.

Subsequently, the Rwandan amphibians have been explored by several groups from
Germany (University of Mainz, Zoologisches Forschungsmuseum Alexander Koenig, Bonn,
and University of Koblenz), the USA (University of Texas at Arlington), and Italy (Museo
Tridentino di Scienze Naturali, Trento). Published results of these studies include general
publications on amphibians and reptiles of the country by Harald Hinkel [48-50], who also
co-authored the description and rediscovery of Boulengerula fischeri from Rwanda, which is
the only caecilian species known from the Albertine Rift [51,52]. More recently, a tadpole
description, a range extension, and a taxonomic study on the genus Leptopelis [53-55], a list
of species from the Volcano National Park [56], an assessment of montane anuran commu-
nities [57], and a paper on the taxonomy of Hyperolius castaneus and H. constellatus [58] have
been published. The results of the fieldwork of the Trento Natural History Museum include
unpublished reports as well as papers on the systematics of the endemic Boulengerula fis-
cheri, a taxonomic study on Hyperolius discodactylus, and a study on montane toads [59-63].
Furthermore, some recent phylogenetic studies, which comprised species from the Alber-
tine Rift used samples from Rwanda [64-75]. Our own contributions published so far have
focused on amphibian communities in anthropogenically altered habitats [76-79], studies
on the taxonomy and ecology of the genera Hyperolius [58,62,80-85], Afrixalus [86,87], and
Ptychadena [88-90], and amphibian parasites [91-95].

The present view on the amphibian diversity of Rwanda varies considerably among
the available online data bases, ranging from 44 species in “AmphibiaWeb” [96] to 62
in “Amphibian Species of the World” [8]. Considering the limited field work carried
out previously, the species richness of the country is expected to be underestimated. In
contrast to that, the impression of a much higher species richness had been created in the
past by inflationarily repeated descriptions of species under different names that were
later shown to be synonyms [17,18,24,26-29,33]. We have recorded numerous additional
amphibian species during our recent field work. Since it is crucial for informed conservation
management to know the real diversity in this densely populated country, we critically
validate published reports on the occurrence of amphibians in Rwanda in this review and
complement it with partially unpublished data from our field studies. The aim of this
review is to provide a comprehensive inventory of the amphibian diversity in Rwanda and
an assessment of the current conservation status.

2. Materials and Methods
2.1. Study Area

The Central African country Rwanda is situated between 1°04" and 2°51’ S and 28°53'
and 30°53" E (Figure 1). Lake Kivu and the valley of the Ruzizi River in the west of the
country are part of the Albertine Rift. The eastern edge of the rift, which in Rwanda runs
from the Virunga Volcanoes in the northwest to the Nyungwe Forest in the southwest,
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divides the westernmost part of Rwanda from the central plateau and the eastern lowland
and represents the watershed between the Congo River and the Nile River. Elevations
within Rwanda range from about 925 m in the southwestern Bugarama plains to the top of
the volcano Karisimbi at 4507 m. The altitudinal gradient in combination with the country’s
topography favors the presence of a wide range of vegetation types [48]. Furthermore,
Rwanda is not only part of the endemic-rich Albertine Rift region but also situated at the
edges of two further major biogeographical regions, the Central African rainforests, and
the East African savanna [69,97,98]. Consequently, species that have originated in any of
the three regions occur within the boundaries of the country.
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Figure 1. Physical map of Rwanda showing the 50 main sampling localities in the 5 provinces. 1:
Huye/Butare, 2: Karama, 3: Rukarara River, 4: Mwogo River I, 5: Mwogo River II, 6: Gitarama, 7:
Kigali I, 8: Musanze/Ruhengeri, 9: Nyabarongo River, 10: Mizingo, 11: Lake Kivu, Rubavu/Gisenyi
I, 12: Gishwati Forest (edge), 13: Lake Kivu, Kibuye, 14: Ruzizi/Cyangugu, 15: Bugarama, 16:
Mwaga, 17: Cyamudongo Forest (edge), 18: Mugesera wetland, 19: Rusumo, 20: Akagera River,
Saruhembe, 21: Rugege, Nyungwe National Park, 22: Uwasenkoko, Nyungwe National Park, 23:
Nshili, Nyungwe National Park (NP), 24: Rukuzi, Nyungwe NP, 25: Busoro, Nyungwe NP, 26:
Kamiranzovu, Nyungwe NP, 27: Karamba, Nyungwe NP, 28: Cyamudongo Forest, Nyungwe NP, 29:
Gishwati Forest, Gishwati-Mukura NP, 30: Lac Ngezi, Volcanoes NP, 31: Mount Gahinga, Volcanoes
NP, 32: Rugezi Wetland, 33: Muyumbu, Akagera NP, 34: Rwisirabo Hill, Akagera NP, 35: Lake
Shakani, Akagera NP, 36: Lake Birengero, Akagera NP, 37: Lake Mihindi, Akagera NP, 38: Bweya,
Akagera NP, 39: Lake Rwanyakazinga, Akagera NP, 40: Kilala Plains I, Akagera NP, 41: Kilala Plains
II, Akagera NP, 42: Kilala Plains III, Akagera NP, 43: Akagera River, Akagera NP, 44: Gisakura, 45:
Kitabi, 46: Stream, Nyungwe NP, 47: Kamiranzovu Waterfall, Nyungwe NP, 48: Mpanga, Kibungo,
49: Rubavu/Gisenyi I, 50: Kigali II. Map courtesy of S. Seidel.

We systematically sampled a total of 50 localities distributed all over the country
(Figure 1). For species-assemblage analyses, we considered exclusively localities, in which
the sampling intensity was at least eight person-hours, including visual and bioacoustic
transects. The most exhaustively sampled locality was Huye (=Butare) with more than
200 person hours [76,78]. We visited many additional sites for short stopovers to obtain
occurrence data, usually for the most common local species.
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2.2. Diagnostic Features for Species Identification

We collected and observed amphibians on numerous trips to Rwanda between 2009
and 2022. All collected voucher specimens were identified by comparison with the original
species descriptions and descriptions in species accounts in subsequent genus revisions.
With few exceptions, JMD examined the holotypes or syntypes of all respective species to
confirm species identification in the collections of the Royal Museum for Central Africa,
Tervuren, Belgium (RMCA), Museum fiir Naturkunde, Leibniz-Institut fiir Evolutions-
und Biodiversitdtsforschung an der Humboldt-Universitdt zu Berlin, Germany (ZMB),
Naturhistorisches Museum Wien, Austria (NHMW), Natural History Museum, London
(NHM), and Zoologisches Forschungsmuseum Alexander Koenig, Bonn, Germany (ZFMK).
Moreover, we collected tissue samples from voucher specimens, prepared DNA sequences
for barcoding mitochondrial 165 and 12S rRNA genes, and compared the sequences with
those available in GenBank for molecular identification. Our sequences have been deposited
in GenBank [62,71-75,80,82,83,85,86,88,89].

2.2.1. External Morphology

We provide diagnostic morphological characteristics and snout-vent length (SVL, i.e.,
distance from tip of snout to posterior margin of vent, to the nearest 0.1 mm) of adults as
a general measure of body size. Depending on data availability, we give SVL range and
arithmetic mean of SVL for males and females separately to indicate potential sexual size
dimorphism. Hand and toe webbing are described as proposed by Ref. [99]. Coloration in
life is described to indicate the presence of potential sexual dichromatism [75]. Additional
sexually dimorphic characters, specifically those of reproductive males, are also indicated.
We provide a key to all genera at the beginning of the species accounts and a key to the
species of each genus at the beginning of each family section.

2.2.2. Vocalizations

We recorded anuran calls in the field using a Sony™ PCM-D50 Linear PCM Recorder
with stereo microphones (Sony Deutschland GmbH, Cologne, Germany). We prepared
sound spectrograms and oscillograms of vocal recordings using Adobe Audition 1.0. Stereo
recordings were converted to mono at a sampling rate of 44.1 kHz and resolution of 16 bits.
Sound spectrograms and frequency analyses were obtained applying Blackman-Harris Fast
Fourier transformation with a FFT size of 1024 Hz. If necessary, recordings were filtered
to reduce background noise. If not mentioned otherwise, we used calls recorded from
specimens in Rwanda for bioacoustic analyses.

According to the behavioral context, we identified the advertisement calls among the
recorded vocalizations [57,62,76,80,88]. These calls are species-specific, useful for taxonomic
purposes, and allow for non-invasive species identification [100,101]. Calls, and if present
notes (discrete subunits of a call), were assigned to one of two categories, i.e. tonal or pulsed.
Tonal calls/notes lack zero minima sustained throughout total duration. Pulsed calls/notes
are characterized by having various amplitude peaks separated by significant amplitude
modulation from other pulses. Pulses were defined as a strong increase and decrease of
amplitude peaks on the oscillogram within a single call/note, and notes were defined
by a single and complete amplitude rise from and return to the base amplitude of the
background noise. The following call variables were measured, if applicable: Call duration
[ms], intercall interval [ms], number of pulses per call, pulse duration [ms], interpulse
interval [ms], pulse rate [pulses/s], and dominant frequency [Hz].

Based on the features of the advertisement calls, we provide keys to the species with
known advertisement calls of each family at the beginning of each family section. As a key
to the families or genera is impossible to produce and therefore, the genus or at least the
family of the calling individual must be known, these bioacoustic keys are primarily meant
as auxillary means to help to distinguish morphologically similar species.
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2.3. Distribution, Habitat Preferences, and Ecology

We provide information on the overall geographic distribution and altitudinal range
of each species retrieved from original references, the data bases “Amphibian species of the
world” [8], “IUCN Red List” [7], and “AmphibiaWeb” [96], the most recent compendium
on African amphibians [6], and our own partly unpublished data. The distribution within
Rwanda is given as the altitudinal range of validated records and the validated occurrence
in the five provinces as administrative units. All altitude values in meters are “above sea
level” (a.s.l.).

Habitat preference of the adults of each species is given as a rough categorization of
the predominant lifestyle as fossorial, terrestrial, arboreal, semi-aquatic, or aquatic, and the
association with the biotope type inhabited. Fossorial means that individuals spend most
of their life underground in moist soil, e.g., as in Leptopelis bocagii and Boulengerula fischeri
(see Sections 3.1.5 and 3.1.62). Terrestrial means on the ground, when non-reproductive,
e.g., Sclerophrys gutturalis (see Section 3.1.11). The habitat used by terrestrial species
is categorized as open grassland (subcategories natural/savanna, or artificial), ecotone
between grassland and forest (i.e., gallery forest), and montane forest. Arboreal species
are usually found in vegetation above the ground, e.g., as in Hyperolius, ranging from a
few centimeters on herbs and reeds to several meters in bamboo and trees. Semi-aquatic
means bound to the shore region inside and outside the water body, e.g., Hoplobatrachus
occipitalis (see Section 3.1.13). Aquatic means predominantly within a water body, e.g., as in
Xenopus victorianus (see Section 3.1.45). The habitat used by aquatic species is categorized as
stream (with current, independent of width or running velocity) or pond (without current,
independent of water surface area, subcategories natural or artificial). Breeding habitat
categories are water bodies of any size without current (e.g., ponds, lakes, puddles), water
bodies with current (e.g., brooks, streams, rivers, or irrigation channels with current),
vegetation (associated with the shore of ponds or streams), leaf litter (no association with
water bodies), and subterranean cavities.

2.4. Species Conservation Status and Population Trend

Global conservation status of the amphibians occurring in Rwanda follows catego-
rization and criteria established by the International Union for Conservation of Nature
(IUCN) [7], including area of geographic distribution, fragmentation of distribution, and
population trend (variation of number and local abundance). The following categories
were used: (1) Data Deficient: There is inadequate information to make a direct or indirect
assessment of its risk of extinction based on its distribution and/or population status;
(2) Least Concern: The species is widespread and abundant and not under immediate risk
of extinction; (3) Near Threatened: For species that are not currently threatened, but are
close to qualifying for or are likely to qualify for a threatened category in the near future;
(4) Vulnerable: A taxon is Vulnerable when it is considered to be facing a high risk of
extinction in the wild (Criteria A to E for Vulnerable); (5) Endangered: When the species is
considered to be facing a very high risk of extinction in the wild; (6) Critically Endangered:
When the species is considered to be facing an extremely high risk of extinction in the
wild; (7) Extinct in the Wild: When the species is known only to survive in cultivation,
in captivity, or as a naturalized population, outside its historical range, a taxon is pre-
sumed Extinct in the Wild when exhaustive surveys in known and/or expected habitats,
at appropriate times, throughout its historic range, have failed to record an individual;
(8) Extinct: When there is no reasonable doubt that the last individual of the species has
died; a taxon is presumed Extinct when exhaustive surveys in known and/or expected
habitats, at appropriate times (diurnal, seasonal, annual), throughout its historic range
have failed to record an individual [7].

Rwanda has not yet developed a national or regional Red List for amphibians. Based
on our intensive surveys throughout Rwanda, we propose a national conservation status
for the amphibian species, using the IUCN categories [7].
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2.5. Community Features

We estimate the association of species to realized (local) communities and potential
(countrywide) metacommunities based on altitude, latitude, and longitude of inhabited
localities, habitat preferences of reproductive and non-reproductive adults, their tolerance
to human disturbance, and lifestyle of all species found in Rwanda. In a first step, we pre-
pared a data matrix using the following continuous variables describing the geographical
features of the surveyed localities, i.e., the distribution range of each species in Rwanda:
(1) minimum altitude (m a.s.l.), (2) maximum altitude (m a.s.l.), (3) minimum latitude
(°S), (4) maximum latitude (°S), (5) minimum longitude (°E), (6) maximum longitude (°E).
Realized communities were characterized using local species richness. Recognizing that
the sampling intensity differed among localities and, consequently, the number of likely
undetected species as well, we focused on the species richness of those localities, which
showed the maximum species number in seven representative altitudes along an eleva-
tional gradient from 900 to 3100 m. An analysis of shared species among communities
surveyed at neighboring altitudes was used to detect and to delimit metacommunities
along the altitudinal gradient. In a second step, we performed a factorial analysis of the
data matrix extracting principal components with an eigenvalue > 1 and submitting PCs to
an orthogonal VARIMAX rotation. The three-dimensional space of specific factor scores
was analyzed for similar positions of previously identified members of altitudinal metacom-
munities (step 1) and species not yet associated with a metacommunity. Similar positions
in the factorial space indicated membership of the same metacommunity.

The metacommunities delimited in this way (n = 2) were examined for potential differ-
ences in ecological features of their members. Shared species were associated exclusively to
that metacommunity, which included most of their geographical distribution. A second
data matrix described lifestyle features and habitat preferences of adults as categorical
variables (absence = 0, presence = 1). Lifestyle: (1) fossorial mode of living, (2) terrestrial,
i.e.,, mostly ground-dwelling, (3) arboreal, usually found in vegetation above the ground,
(4) semi-aquatic meaning extensive use of water body and shore area, and (5) aquatic.
Habitat preference outside reproductive activity: (1) Open grassland and agricultural areas,
(2) forest edge and gallery forest ecotone, (3) montane forest, and (4) water bodies including
temporary puddles, pond, and lakes, and slow-flowing sections of streams and irrigation
channels. Tolerance for disturbed habitats: (0) exclusively in pristine habitats, (1) occurring
in undisturbed and disturbed habitats. Breeding habitat preference: (1) stagnant water
bodies, (2) flowing water bodies, (3) terrestrial within leaf litter, and (4) subterranean cavity.
We tested for significant deviations of the trait-frequency distribution using the x2-test for
paired samples.

Finally, we identified the conservation status of the metacommunities by using the
national Red List category of their members as an indicator of exposure to threats. The
presence of species in protected areas such as the four national parks indicated a low
probability of vulnerability. As a further indicator of vulnerability, we considered the
presence of habitat specialists in five or less known localities.

3. Accounts of Species in Rwanda

Amphibians are represented in Rwanda by at least 61 anuran and one caecilian species.
Some additional candidate species have already been identified by us but are not treated in
the following accounts. First, we list the 62 species with validated country records, and
then we give an account of species that have been assumed to occur in Rwanda by several
authors but have never actually been collected within the borders of the country and are
therefore rejected.

3.1. Species with Validated Country Record

The anuran species of Rwanda belong to ten families: (1) Arthroleptidae Mivart, 1869
with three genera, Arthroleptis Smith, 1849, Cardioglossa Boulenger, 1900, and Leptopelis
Glinther, 1859; (2) Bufonidae Gray, 1825 with two genera, Schismaderma Smith, 1849 and
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Sclerophrys Tschudi, 1838; (3) Dicroglossidae Anderson, 1871 with the genus Hoplobatrachus
Peters, 1863; (4) Hyperoliidae Laurent, 1943 with five genera, Afrixalus Laurent, 1944, Cal-
lixalus Laurent, 1950, Hylambates Duméril, 1853, Hyperolius Rapp, 1842, and Kassina Girard,
1853; (5) Microhylidae Giinther, 1858 (1843) with the genus Phrynomantis Peters, 1867; (6)
Phrynobatrachidae Laurent, 1941 with the genus Phrynobatrachus Giinther, 1862; (7) Pipi-
dae Gray, 1825 with the genus Xenopus Wagler, 1827; (8) Ptychadenidae Dubois, 1987 with
the genus Ptychadena Boulenger, 1917; (9) Pyxicephalidae Bonaparte, 1850 with two genera,
Amietia Dubois, 1987 and Cacosternum Boulenger, 1887; (10) Ranidae Batsch, 1796 with the
genus Amnirana Dubois, 1992 (Table 1). The only caecilian species of Rwanda belongs to
the genus Boulengerula Tornier, 1896 in the family Herpelidae Laurent, 1984 (Table 1). The
species are treated in the order of the families and genera, and then alphabetically within
the genus to which they belong.

Table 1. Amphibian species in Rwanda, their global [7] and proposed national Red List status
(CR = Critically Endangered, DD = Data Deficient, EN = Endangered, LC = Least Concern, NT = Near
Threatened, VU = Vulnerable, / = not evaluated), and recorded presence in the four national parks
(x = present, - = not recorded). The global red-list status of A. phantasma has been proposed by
Ref. [86].

Species Global Red National Red Presence. in Rw.andan National Parks
List Status List Status Akagera Gishwati- Nyungwe  Volcanoes
Mukura
Arthroleptidae
Arthroleptis adolfifriederici LC LC - X X X
Arthroleptis schubotzi LC LC - X X X
Arthroleptis sp. / DD - - X -
Cardioglossa cyaneospila NT VU - X X -
Leptopelis bocagii LC LC X - - -
Leptopelis cf. cynnamomeus LC DD - - - -
Leptopelis karissimbensis VU NT - - X X
Leptopelis kivuensis LC LC - X X X
Bufonidae
Schismaderma carens LC VU - - - -
Sclerophrys berghei / DD - - X -
Sclerophrys gutturalis LC LC X - - -
Sclerophrys kisoloensis LC LC - X X X
Dicroglossidae
Hoplobatrachus occipitalis LC LC - - - -
Hyperoliidae
Afrixalus orophilus LC EN - - X -
Afrixalus phantasma (VU) NT - X X -
Afrixalus quadrivittatus LC LC X - - -
Callixalus pictus VU CR - X X -
Hylambates verrucosus LC VU - - X
Hyperolius castaneus LC LC - X X X
Hyperolius cinnamomeoventris LC LC X - - -
Hyperolius discodactylus LC LC - X X X
Hyperolius frontalis LC VU - - X -
Hyperolius glandicolor LC LC - - - X
Hyperolius jackie DD EN - - X -
Hyperolius kivuensis LC LC X - - -
Hyperolius lateralis LC \48) - - - -
Hyperolius parallelus LC LC - - - -
Hyperolius rwandae LC LC X - - -
Hyperolius viridiflavus LC LC X - - -
Kassina senegalensis LC LC X - - -
Microhylidae
Phrynomantis bifasciatus LC VU - - - -
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Table 1. Cont.

Species Global Red National Red Presencg in Rw.andan National Parks
List Status List Status Akagera Gishwati- Nyungwe  Volcanoes
Mukura
Phrynobatrachidae
Phrynobatrachus acutirostris NT \48) - - X -
Phrynobatrachus auritus LC DD - - - -
Phrynobatrachus bequaerti LC LC - - - X
Phrynobatrachus graueri LC NT - - X X
Phrynobatrachus kakamikro LC LC X - -
Phrynobatrachus natalensis LC LC X - - -
Phrynobatrachus sp. A / DD - - - -
Phrynobatrachus parvulus LC LC - - - -
Phrynobatrachus scheffleri LC DD X - - -
Phrynobatrachus versicolor LC NT - X X X
Phrynobatrachus sp. B / DD - - X
Pipidae
Xenopus muelleri LC LC - - - -
Xenopus vestitus LC DD - - - -
Xenopus victorianus LC LC X - - -
Xenopus wittei LC LC - X X X
Ptychadenidae
Ptychadena anchietae LC LC X - - -
Ptychadena chrysogaster LC EN - X X X
Ptychadena guibei LC DD - - - -
Ptychadena nilotica LC LC X - - -
Ptychadena oxyrhynchus LC LC X - - -
Ptychadena porosissima LC LC - - - -
Ptychadena uzungwensis LC VU - - - -
Ptychadena sp. A / DD X - - -
Ptychadena sp. B / DD X - - -
Pyxicephalidae
Amietia desaegeri LC \48) - X X -
Amietia nutti LC LC - - X X
Amietia ruwenzorica LC DD - - - X
Cacosternum plimptoni LC DD X - - -
Ranidae
Ampnirana albolabris LC DD - - - -
Amnirana galamensis LC DD X - - -
Herpelidae
Boulengerula fischeri VU VU - - X -
Total number of species 19 13 25 15

Key to the families and genera of the amphibians of Rwanda based on morphological

characters:
1  Limbless ....ccooviiiiiiiiiniiiiinns Herpelidae (only Boulengerula; only B. fischeri)
T/ WIH MBS oot 2
2 Toes with claw-like tiPs .....cccoooeiiiiiciiiiiccccrccrenes Pipidae (only Xenopus)
2/ Toes Without Claw-1Ke tPS ....c..cvueverumeurieiericie e sseneenees 3

3  Dorsum black with bright red dorsolateral bands and red spots on limbs ..............
............................................. Microhylidae (only Phrynomantis; only P. bifasciatus)
3’ Dorsal colour and pattern different ...........ccoecveureereeeeeeererieiencneseiseseeeesesenaes 4

4  Distinct pale transverse groove behind the eyes, tooth-like projections in the upper
and lower jaw ............. Dicroglossidae (only Hoplobatrachus; only H. occipitalis)
4’ Transverse groove behind eyes and tooth-like projections in jaw absent ................. 5
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5/

6/

7/

8/

9/
10

10’

11
11

12

12/

13

13’

14
14/

15
15’

16

16’

17

17/
18

18’

Dorsum with three to four pairs of continuous longitudinal dermal ridges ...........
..................................................................................... Ptychadenidae (only Ptychadena)
Dorsum without or with one pair of continuous ridges, sometimes with additional
interrupted ridges ... 6

Mid-tarsal tubercle present ............... Phrynobatrachidae (only Phrynobatrachus)
Mid-tarsal tubercle abSent .............ccccciciiriririciiiiiie e 7

Large paratoid gland present behind eye .............. Bufonidae (part.): Sclerophrys
Paratoid glands absent ................. Bufonidae (part.): Schismaderma (only S. carens)

Venter white with large black Spots ..........ccoeeviiiiriiiiii
.......................................... Pyxicephalidae (part.): Cacosternum (only C. plimptoni)
Venter without large black SPOts .........cccouiiiiiiiiciiininiiiiccccccces 10

Dorsolateral ridge extending from posterior end of upper eyelid, separated from
well-developed supratympanic fold ...................... Pyxicephalidae (part.): Amietia
Dorsolateral ridge absent or extending from supratympanic fold ..........c..ccc.c....... 11

Webbing between toes abSent ...........c.ccccuvuviiciiiniciciiiniiciccceeeceeaes 12
Webbing between toes Present ... 13

Narrow vertebral dermal ridge on dorsum, dorsal colouration brown or grey with
or without symmetric darker brown markings ...........ccccooeiiiiiiiiiiii
............................................................................... Arthroleptidae (part.): Arthroleptis
Vertebral ridge absent, dorsal colour bluish grey with irregularly shaped black
blotches .......ccoeevenenne Arthroleptidae (part.): Cardioglossa (only C. cyaneospila)

Conspicuous dorsolateral ridge running from eye as anterior part of supratympanic
fold, then continuing straight-lined to end of body, tympanum as large or nearly as
large @s @Ye .....cocueviueiiiei Ranidae (only Amnirana)
Dorsolateral ridge absent or reaching at most to middle of trunk, tympanum
SINALLET .o e 14

Tympanum concealed or reduced ...........ccooviiiiiiiiiiiii 15
Tympanum Visible ... 17

Pupil horizontal ..o Hyperoliidae (part.): Hyperolius
PUPIL VETHICAL ..ot 16

Dorsal colouration light brown to yellowish brown with darker brown markings
........................................................................................ Hyperoliidae (part.): Afrixalus
Dorsal colouration chocolate brown with yellow blotches ..o
.......................................................... Hyperoliidae (part.): Callixalus (only C. pictus)

Dorsal skin tuberculate, sides of thigh with conspicuous black and yellow trans-
verse bars .........ccccoeeeiennne Hyperoliidae (part.): Hylambates (only H. verrucosus)
Dorsal skin smooth or shagreen, colouration of thighs different ......................... 18

Canthus rostralis and supratympanic fold indistinct, dorsal colour yellowish brown
to cream with contrasting large black stripes and blotches ...
................................................... Hyperoliidae (part.): Kassina (only K. senegalensis)
Canthus rostralis and supratympanic fold distinctly visible, dorsal colour brown
or green without contrasting pattern, dorsal skin shagreen ............ccccccoooeinin.
..................................................................................... Arthroleptidae (part.): Leptopelis
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Arthroleptidae

Eight arthroleptid species have been recorded from Rwanda. While the morphological
features of the genera Arthroleptis, Cardioglossa and Leptopelis allow for a reliable assignment
of species to a genus, species within each genus are not always readily distinguished from
each other. Yet, species are well differentiated with respect to partial 16S sequences. The
advertisement call (unknown for C. cyaneospila and L. cf. cynnamomeus) allows for a reliable
assignment of reproductive males to species of Arthroleptis and Leptopelis in the field.

Key to the species of Arthroleptis of Rwanda based on morphological characters:

1 Large, SVL of males > 27 mm, females > 37 mm ........cccccocevrrrvninnes A. adolfifriederici
1’ Small, SVL of males and females < 24 MM ....c.covevverreeeeieeeeeeeeeeeeeeens A. schubotzi

Key to the species of Leptopelis of Rwanda based on morphological characters:

1 Thick-bodied, toes webbed only at the bases ............cccccceviiiiiiinnne. L. bocagii
1’ Body sturdy but not thick, toes webbed to one-third ...........ccccocevcueiveineincicenecins 2
2 Canthus rostralis and supratympanic fold sharply defined, the latter continued as
a short dorsolateral ridge ..........cccccevveiviiiiiiin L. cf. cynnamomeus
2/ Canthus rostralis and supratympanic fold distinct but without a sharp edge,
dorsolateral ridge abSENt ...........cccccuiiriiiiiiiniicicc s 3
3 Males with a white ventral side including the vocal sac ........ccccco...... L. kivuensis
3’ Males with a bluish ventral side including the vocal sac ............... L. karissimbensis

Key to the arthroleptid species of Rwanda based on advertisement-call features:

T Calltonal .o Arthroleptis adolfifriederici
1/ Call PUISEA ..o 2
2 Dominant frequency <3000 HZ .........cccceoeiinninnnnniniiiciicne, Leptopelis (3)
2/ Dominant frequency > 4000 HZ .......cccoevuerurermererniererenneinenenne Arthroleptis schubotzi
3 Dominant frequency < 1000 HZ .......cccovviiiiniciiicccccennes Leptopelis bocagii
3’ Dominant frequency > 1000 HZ ........c.cccoeuuiiiiniiniiniieiicincieeenisecessese e 4
4  Dominant frequency 1000-1500 Hz .........ccccccoovrrrirnnnnnne. Leptopelis karissimbensis

4’ Dominant frequency > 1500 HZ .....ocveueveerereenimnerereeneireirenennens Leptopelis kivuensis
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Figure 2. Rwandan species of Arthroleptidae (A) Arthroleptis adolfifriedrici, Gishwati-Mukura NP
(photo: ].M.D.), (B) Arthroleptis schubotzi, Nyungwe NP (photo: ].M.D.), (C) Cardioglossa cyaneospila,
Nyungwe NP (photo: Protais Niyigaba), (D) Leptopelis bocagii, Akagera NP (photo: ].M.D.), (E)
Leptopelis cf. cynnamomeus, Cyamudongo Forest (photo: Eberhard Fischer), (F) Leptopelis karissim-
bensis, Nyungwe NP (photo: ].M.D.), (G) Leptopelis kivuensis, Nyungwe NP (photo: ].M.D.); and
Dicroglossidae (H) Hoplobatrachus occipitalis, Bugarama (photo: ].M.D.).
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Figure 3. Advertisement calls of Rwandan Arthroleptidae (A) Arthroleptis adolfifriederici, (B) Arthrolep-
tis schubotzi, (C) Leptopelis bocagii, (D) Leptopelis karissimbensis, (E) Leptopelis kivuensis; and Dicroglossi-
dae (F) Hoplobatrachus occipitalis. Calls are shown as representative spectrograms and oscillograms.

3.1.1. Arthroleptis adolfifriederici Nieden, 1911 (Figures 2A and 3A)

Original name and description: Arthroleptis adolfi-friederici—F. Nieden (1911 “1910”).
Sitzungsberichte der Gesellschaft Naturforschender Freunde zu Berlin, 1910: 436441 [p.
4401

Type locality: “Bugoiewald” (=“Bugoie Forest”, now Gishwati Forest, Rwanda),
“Rugegewald” (=“Rugege Forest”, in the northeastern part of Nyungwe Forest, Rwanda).

External morphology: The Rugege Forest Squeaker is a stout, medium-sized frog
with long and slender limbs. Pronounced sexual size dimorphism, SVL of males 27.6-32.0
mm, SVL of females 37.5-46.0 mm [4,6,11,102]. In reproductive males, spines on the inner
side of the second and third fingers. Finger and toe tips with small discs. Coloration in life:
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Dorsum variable from brown to reddish, mimicking local ground cover, sometimes with a
vertebral stripe and dark spots, the venter whitish to marbled. Dorsal skin shagreen with
scattered tubercles, ventral skin areolate. Tympanum distinct, half the eye size.

Advertisement call: Males produce series of loud, short whistles. The tonal calls
within a series are more or less regularly spaced in time (intercall interval 0.9-1.3 s depend-
ing on temperature or social interactions with conspecifics). A single call has a duration of
52-65 ms (average: 58 ms) and a dominant frequency of about 2900 Hz (Figure 3A).

Distribution: Isolated populations of the Rugege Forest Squeaker inhabit the pristine
montane forests (altitudinal range: 1780-2815 m) of extreme eastern DR Congo, Rwanda,
Burundi, and southwestern Uganda [103]. In Rwanda known to occur in Nyungwe (includ-
ing Cyamudongo Forest), Gishwati-Mukura, and Volcanoes National Parks. Altitudinal
range and province records in Rwanda: 1780-2700 m; Southern, Western, and Northern
Provinces.

Habitat preference and ecology: Terrestrial. Dwells in the leaf litter of moist montane
forest and pristine bamboo forest. The breeding is terrestrial, eggs develop directly within
moist leaf litter.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Frag-
mented range with populations in protected areas. Locally abundant, but population
trend unknown. Proposed national conservation status: Least Concern, due to its frequent
occurrence in National Parks.

3.1.2. Arthroleptis schubotzi Nieden, 1911 (Figures 2B and 3B)

Original name and description: Arthroleptis schubotzi—F. Nieden (1911 “1910”). Sitzungs-
berichte der Gesellschaft Naturforschender Freunde zu Berlin, 1910: 436441 [p. 440].

Type locality: “Usumbura” (=Bujumbura, Burundji).

External morphology: Schubotz’s Squeaker is a very small frog. Sexual size dimor-
phism absent; SVL of males 16.0-23.1 mm, SVL of females up to 23 mm [6,32]. In reproduc-
tive males, throat is black, third finger elongated with spines on the inner edge. Finger and
toe tips with small discs. First finger shorter than the second. Coloration in life: dorsum
brown or grey, often with dark spot on head, venter white, mottled or marbled with grey,
thighs frequently orange. Dorsal skin granular. Tympanum distinct, half the eye size.

Advertisement call: The calls consist of 5-6 notes that are each composed of three
pulses. Call duration is 246-429 ms. A single note has a duration of 23-29 ms (average: 27
ms). Internote interval 34—40 ms. Dominant frequency 4331-4450 Hz (average: 4372 Hz)
(Figure 3B).

Distribution: Schubotz’s Squeaker inhabits the Rift Valley from the northern shores
of Lake Tanganyika in western Tanzania to northern Kivu (DR Congo), Rwanda, Burundi,
and the western part of Uganda at elevation of 1460-2800 m [11]. Altitudinal range and
province records in Rwanda: 1583-3000 m, Northern and Western Provinces.

Habitat preference and ecology: Terrestrial. Inhabits closed forest, forest edges, and
agricultural areas outside forest. The species is found on the ground. Males hide in leaf
litter and under fallen tree branches. The breeding is terrestrial, eggs develop directly
within moist leaf litter.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Locally
abundant, but population trend unknown. Proposed national conservation status: Least
Concern, due to its occurrence in national parks (Volcanoes, Nyungwe, and Gishwati-
Mukura) and in anthropogenically altered habitats.

3.1.3. Arthroleptis sp.

Taxonomic remark: A small species of Arthroleptis. It differs in morphological charac-
ters, advertisement call, and 165 rRNA sequence from the other Arthroleptis species from
Rwanda. The taxonomic status of the species will be addressed elsewhere (Dehling et al.,
in preparation).

Distribution in Rwanda: So far, only known from Western Province.
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Conservation status and population trend: IUCN Red List: Not evaluated [7]. Popu-
lation trend and local abundance unknown. Proposed national conservation status: Data
Deficient.

3.1.4. Cardioglossa cyaneospila Laurent, 1950 (Figure 2C)

Original name and description: Cardioglossa nigromaculata cyaneospila—R. Laurent
(1950). Revue de Zoologie et de Botanique Africaines, 44: 1-18 [p. 4].

Type locality: “riviere Mukozira (Alt. 1800 m.), a 5 km. de Bururi, Urundi” (=Mukazira,
south of Bururi, Burundi [104]).

External morphology: The Blue-spotted Long-fingered Frog is named for its unusual
bluish gray color [28]. The medium-sized species exhibits a pronounced sexual size di-
morphism: SVL of males up to 31 mm, SVL of females up to 39 mm [104]. Males have
elongated third fingers. Coloration in life: Dorsum pale purple with three to four large and
several smaller dark spots, venter similar with irregular blotches, dark mask from snout tip
along the side of the head to tympanum.

Advertisement call: Unknown.

Distribution: Endemic to the Albertine Rift, occurring in the mountains (14672248
m) of eastern DR Congo, southwestern Uganda, Rwanda, and southwestern Burundi [104].
In Rwanda, it inhabits the Gishwati-Mukura and Nyungwe National Parks. Altitudinal
range and province records in Rwanda: 19502248 m; Southern and Western Provinces.

Habitat preference and ecology: Terrestrial. In the vicinity of streams within montane
forests. Breeding takes place in slow-flowing streams.

Conservation status and population trend: IUCN Red List: Near Threatened [7].
Population trend and local abundance unknown. Proposed national conservation status:
Vulnerable, because, although the species occurs in two national parks, it has lost a large
part of its former geographic range at medium altitudes due to habiat conversion.

3.1.5. Leptopelis bocagii (Giinther, 1865) (Figures 2D and 3C)

Original name and description: Cystignathus bocagii—A. Giinther (1865 “1864”). Pro-
ceedings of Scientific Meetings of the Zoological Society of London, 1864: 479482 [p.
481].

Type locality: “Province of Duque de Bragance” [nowadays Calandula], Angola.

Taxonomic remark: The nominal taxon L. bocagii is probably a species complex [2,105].

External morphology: Bocage’s Burrowing Frog is a moderate-sized, robust tree
frog [2,4,6,105-107]. Moderate sexual size dimorphism: SVL of males 43-52 mm, SVL of
females up to 58 mm. Pectoral glands in males well developed. Coloration in life: Dorsum
green to brown with an inverted Y-shape dark pattern, venter white without any spotting.
Discs on toes and fingers weakly developed, unlike the arboreal Leptopelis spp.

Advertisement call: The call is a slow, low-pitched croak, often produced in pairs.
Males emit pulsed calls lasting 54-107 ms (average: 77 ms) and consisting of 25-38 pulses
(average: 33) (Figure 3C). Pulse rate ranges from 182 to 198 pulses/s. Pulse duration 1-3 ms
(average: 2 ms). Interpulse interval 1-4 ms (average: 3 ms). Dominant frequency 709-929
Hz (average: 781 Hz).

Distribution: A widespread species, ranging from Namibia and Angola to Malawi and
northwards to Ethiopia at elevations from sea level to about 1900 m [108,109]. Altitudinal
range and province records in Rwanda: 962-1673 m; Southern, Western, and Eastern
Provinces.

Habitat preference and ecology: Fossorial, climbs into vegetation when above the
ground. The species inhabits dry and humid savanna and grassland that enters occasionally
marginally into clearings in tropical deciduous forest. It lives in anthropogenically dis-
turbed habitats like the surrounding of Ruzizi and Huye (Rwanda) and Nairobi (Kenya) [7].
The species breeds in temporary pools.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pop-
ulation trend unknown. The species is likely to be overlooked because of its burrowing
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habits but may be quite common. During the breeding season frogs can occur in great
numbers. Proposed national conservation status: Least Concern, because of its frequent
occurence in protected sites (Akagera National Park) and in anthropogenically altered
environments.

3.1.6. Leptopelis cf. cynnamomeus (Bocage, 1893) (Figure 2E)

Original name and description: Hylambates cynnamomeus—]. V. B. du Bocage (1893).
Jornal de sciencias mathematicas, physicas e naturaes, Ser. 2, 3: 115-121 [p. 120].

Type locality: “Quillengues” [Angola] (=Quilengues, Angola; 14.07° S, 14.07° E).

Taxonomic remark: The nominal taxon is probably a complex of cryptic species [2]
and the Rwandan population might not be identical with the topotypic population from
Angola.

External morphology: The Cinnamon Tree Frog is a medium-sized Leptopelis [2,6].
SVL of males up to 40 mm, sexual dimorphism unknown. Extralimital populations with
brown dorsum with indistinct dark pattern consisting of a dark bar between the eyes that
may extend as a triangle backwards to join a pair of diverging dorsolateral bands and a
dark line along the side of the head from the tip of the snout to the level of tympanum [6].
Dorsum of Rwandan specimens greyish green. Males with weakly developed pectoral
glands.

Advertisement call: The call has been described as “a clack followed by a whine”, as
“a second-long whine followed immediately by a chirp”, and as “a scream followed by a
clack” [2,6]. Call descriptions may refer to distinct taxa within the species complex. The
call of the Rwandan population is unknown.

Distribution: This species (complex) occurs from southern DR Congo and north-
western Zambia to central and eastern Angola. Further records from eastern DR Congo,
Rwanda, and Burundi appear to refer to another taxon than the nominal one. Altitudinal
range and province records in Rwanda: The only locality currently known is a wetland
near Cyamudongo Forest at 1839 m; Western Province.

Habitat preference and ecology: Arboreal. Occurs in savanna, near trees. Breeds in
burrows in the ground [2,6]. The Rwandan specimens were found in farmland close to
forest edge.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed national conservation status: Data Deficient.

3.1.7. Leptopelis karissimbensis Ahl, 1929 (Figures 2F and 3D)

Original name and description: Leptopelis karissimbensis—E. Ahl (1929). Sitzungs-
berichte der Gesellschaft Naturforschender Freunde zu Berlin, 1929: 185-222 [p. 195].

Type locality: “Dorf des Mtulia Gahama am Karissimbi [Deutsch-Ost-Afrika]” (="Vil-
lage of Mtulia Gahama on Karissimbi [German East Africa]”, nowadays Mount Karisimbi,
Rwanda).

External morphology: The Karisimbi Tree Frog is a moderate-sized, stout species [4,
6,55]. Pronounced sexual size dimorphism, SVL of males 27.2-47.1 mm, SVL of females
42.7-47.1 mm. Reproductive males have pectoral glands, a blue vocal sac and often blue
pigmentation inside the mouth and on the ventral side of fore and hind limbs. Coloration in
life: Dorsum uniformly brownish gray, venter white to cream with brown spots. Juveniles
and subadults are bright green with yellow spots at elbow and heel.

Advertisement call: Males emit pulsed calls, often a long one followed by a shorter. A
single call has a duration of 534-1305 ms (average: 1105 ms) and consists of 56-132 pulses
(average: 88) (Figure 3D). Pulse duration is 1-3 ms (average: 2 ms), interpulse interval 6-8
ms (average: 7 ms). Dominant frequency at 1100-1395 Hz (average: 1312 Hz). The call has
been described elsewhere, but most numerical data have been confounded with those of L.
kivuensis [55].
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Distribution: The species occurs on both sides of the Albertine Rift in Burundi, DR
Congo, Rwanda, and Uganda at elevations of 1800-3200 m [55,56]. Altitudinal range and
province records in Rwanda: 2006-3200 m; Western, Southern, and Northern Provinces.

Habitat preference and ecology: Arboreal. In montane forests including the bamboo
zone, near standing water bodies or slow-flowing streams. Abundant in seasonally flooded
marshes within forest [56]. Clutches of eggs are deposited into troughs of wet soil near
small temporary pools, semipermanent ponds, and slow-moving streams, tadpoles develop
within the water bodies.

Conservation status and population trend: IUCN Red List: Vulnerable [7]. The
species is locally abundant. Proposed national conservation status: Near Threatened,
because of the limited geographic distribution in the country, restricted to few localities in
Volcanoes and Nyungwe National Parks.

3.1.8. Leptopelis kivuensis Ahl, 1929 (Figures 2G and 3E)

Original name and description: Leptopelis kivuensis—E. Ahl (1929). Sitzungsberichte
der Gesellschaft Naturforschender Freunde zu Berlin, 1929: 185-222 [p. 206].

Type locality: “Kissenji, stidlich des Kivu-See’s” (=“Gisenyi, south of Lake Kivu”
[nowadays Rubavu, Western Province, Rwanda]; in error, as Rubavu is situated at the
northeastern shore of Lake Kivu).

Taxonomic remark: The nominal taxon is a complex of cryptic species and up to three
different species might be present in Rwanda [72].

External morphology: The Kivu Tree Frog is a moderate-sized, stout species [2,4,6,55].
Pronounced sexual size dimorphism, males 27.7-37.0 mm, females 45.1-46.5 mm [55].
Reproductive males are similar to those of L. karissimbensis but differ by the white coloration
of the gular sac. Coloration in life: Dorsum pale brown with a darker brown irregular
pattern. Juveniles and subadults brightly green.

Advertisement call: Males emit pulsed calls in series of 2—6 single calls (intercall
interval 0.14-0.18 s depending on temperature or social interactions with conspecifics). A
single call has a duration of 55-88 ms (average: 69 ms) and includes 5-12 pulses (average:
8) (Figure 3E). Pulse duration is 2-3 ms (average: 3 ms), interpulse interval 2—4 ms (average:
3 ms). Dominant frequency at 1880-1975 Hz (average: 1922 Hz). The call has been
described elsewhere, but most numerical data have been confounded with those of L.
karissimbensis [55].

Distribution: The species occurs on both sides of the Albertine Rift, in the highlands
of western Rwanda and Burundi, North and South Kivu Provinces, DR Congo, and the
Ruwenzori Mountains in western Uganda at elevations of 1481-3400 m [54-56]. Altitudinal
range and province records in Rwanda: 1533-3400 m; Southern, Western, and Northern
Provinces.

Habitat preference and ecology: Arboreal. In montane wetlands and forest ecotones,
also in farmland and tea plantations near forest. Seasonally flooded forest swamps and
shallow pools are used for reproduction.

Conservation status and population trend: IUCN Red List: Least Concern [7]. This
species can be abundant where it occurs. Proposed national conservation status: Least
Concern, because of its occurrence within protected areas (Volcanoes, Gishwati-Mukura,
and Nyungwe National Parks including Cyamudongo Forest) as well as in farmland.

Bufonidae

Four bufonid species have been recorded in Rwanda. While Schismaderma carens is
readily distinguished from the three Sclerophrys species by the absence of paratoid glands,
the latter species are morphologically similar, but differ in size and color pattern and are
well differentiated with respect to partial 165 rRNA sequences. The advertisement call
allows for a reliable distinction of reproductive males in the field.
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Key to the species of Sclerophys of Rwanda based on morphological characters:

1

1/

2

2/

Large, SVL of adult males >50 mm, adult females 53-120 mm, paratoid gland
about 3 times as long as wide, its surface rather smooth without keratinous spines

............................................................................................................................................... 2
Small, SVL of adult males <49 mm, adult females < 55 mm, paratoid gland four
times as long as wide, its surface rough with keratinous spines ................... S. berghei

Light band from middle of paratoid gland to arm insertion, red markings on thigh,
breeding males with warty back and normal dorsal colouration ....... S. gutturalis
Light band from paratoid gland to arm insertion and red thigh markings absent,
breeding males with smooth back and yellow dorsal colouration ... S. kisoloensis

Key to the bufonid species of Rwanda based on advertisement call features:

1
1/

2
2/

3
3/

Call consisting of 2-3 pulse Zroups ........ccceeevereirrircirenieieiennes Sclerophrys berghei
Call consisting of a single pulse Group ..........ccceeierieiiiiicieiiciec 2
Number of pulses per call <20 ........cccccceuvviinriniciiiniieien, Sclerophrys gutturalis
Number of pulses per call greater...........coovvevviiiiiiiiiii e 3
Pulse rate > 73 pulsSes /s ......ccccouvviviiviviiiies Sclerophrys kisoloensis
Pulse rate JoWer ... Schismaderma carensv

Figure 4. Species of Bufonidae in Rwanda (A) Schismaderma carens, Eastern Province (photo: Eberhard
Fischer), (B) Sclerophrys berghei, Nyungwe NP (photo: ].M.D.), (C) Sclerophrys gutturalis, Akagera NP
(photo: ].M.D.), (D) Sclerophrys kisoloensis, Cyamudongo Forest (photo: J.M.D.).
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Figure 5. Advertisement calls of Bufonidae in Rwanda. (A) Schismaderma carens, (B) Sclerophrys berghei,
(C) Sclerophrys gutturalis, (D) Sclerophrys kisoloensis. Calls are shown as representative spectrograms
and oscillograms.

3.1.9. Schismaderma carens (Smith, 1848) (Figures 4A and 5A)

Original name and description: Bufo carens—A. Smith (1848). Illustrations of the
Zoology of South Africa; consisting chiefly of figures and descriptions of the objects of
natural history collected during an expedition into the interior of South Africa, in the years
1834, 1835, and 1836; fitted out by “The Cape of Good Hope Association for exploring
Central Africa”. Reptilia. Part 27: Plate 68 (1).

Type locality: “The interior of Southern Africa”.

External morphology: The Red Toad is a large species [4,107,110,111]. Moderate
sexual size dimorphism, SVL of males 54-88 mm, SVL of females 55-92 mm. Nuptial
pads on the first three fingers and a subgular vocal sac present in males. Coloration in life:
Brick-red to light brown dorsum with a pair of dark spots in the posterior part, the venter
whitishly speckled with gray spots. Parotid glands are absent, distinguishing the species
from members of Sclerophrys. Broad glandular dorsolateral ridges running from above the
tympanum to the hind limb. Dorsal skin relatively smooth for a toad and less less warty
than in Sclerophrys. Tympanum conspicuously large and round, its diameter equaling eye
diameter. Tarsal fold present.

Advertisement call: Call description is based on calls recorded in South Africa [107].
The call sounds like a loud, long whoop [6,107]. Males emit pulsed calls in series (intercall
interval 1.256-3.416 ms depending on temperature or social interactions with conspecifics)
and often form choruses. A single call has a duration of 690-1702 ms (average: 1118 ms)
and consists of 47-74 pulses (average: 58) (Figure 5A). The pulse rate varies between 44 and
71 pulses/s (average: 59 pulses/s). Pulse duration is 6-10 ms (average: 8 ms), interpulse
interval 6-9 ms (average: 7 ms). Dominant frequency at 209-344 Hz (average: 267 Hz).
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Distribution: Widely distributed throughout southeastern and eastern Africa from
South Africa and Botswana to Kenya, Rwanda, and Uganda at elevations from sea level to
1600 m. Altitudinal range and province records in Rwanda: So far known from a single
locality south of Akagera National Park at 1232 m; Eastern Province.

Habitat preference and ecology: Terrestrial. Natural habitats include grassland and
wooded savanna. Tolerant to human impact with occurrences on livestock ranches, around
human settlements, and on agricultural land. Deep ponds are used for breeeding [107].

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pro-
posed national conservation status: Vulnerable, because its occurrence is limited to a
restricted, non-protected area in the extreme East of the country that is used for livestock
breeding and agriculture.

3.1.10. Sclerophrys berghei (Laurent, 1950) comb. nov. (Figures 4B and 5B)

Original name and description: Bufo berghei—Laurent, R. F. (1950). Revue de Zoologie
et de Botanique Africaines, 44: 1-18 [p. 1].

Type locality: “Makamba, Terr. de Bururi, Urundi [=Burundi]”.

Taxonomic remark: The species was hitherto considered a synonym of Sclerophrys fu-
nerea (Bocage, 1866) [112]. Examination of the type series of Bufo berghei and other specimens
in the RMCA revealed significant morphological differences to S. funerea. Furthermore,
the two species differ markedly in the sequences of molecular mitochondrial and nuclear
markers [63]. Therefore, we resurrect the name (as Sclerophrys berghei comb. nov.) for the
populations from Rwanda and Burundi. The phylogenetic relationship of the population
from Nyungwe to the topotypic population from Burundi is currently under investigation.

External morphology: A small species of Sclerophrys, van den Berghe’s Toad exhibits a
pronounced sexual size dimorphism, SVL of males 38.3-48.5 mm, SVL of females 47.6-54.9
mm. Nuptial pads (clusters of black spinules) on the first two fingers of males. Parotid
glands about four times as long as wide. Dorsal skin warty with spines. Coloration in life:
Dorsum brown with pairs of dark spots [28].

Advertisement call: Males emit calls consisting of 2-3 pulsed notes in series of up to
9 calls (intercall interval 901-2913 ms). A single call has a duration of 344-702 ms (average:
503 ms) and consists of 15-21 pulses (average: 19) (Figure 5B). The duration of a single note
is 40-51 ms (average: 48 ms) and the number of pulses per note is 5-7. The pulse rate varies
between 30 and 44 pulses/s (average: 38 pulses/s). Pulse duration is 4-6 ms (average: 5
ms), interpulse interval 0-1 ms. Dominant frequency at 1033-1119 Hz (average: 1067 Hz).
The call has not been described before.

Distribution: As the species was considered a synonym of S. funerea, the distributional
range is currently unclear. So far known with certainty from several localities in Burundi
and Rwanda. Populations currently assigned to S. funerea from eastern DR Congo and
in Uganda possibly also belong to S. berghei. Altitudinal range and province records in
Rwanda: 1750-1900 m; Southern and Western Provinces.

Habitat preference and ecology: Terrestrial. On the ground in leaf litter in the interior
of rainforests. Breeding probably takes place in streams.

Conservation status and population trend: IUCN Red List: Not evaluated [7]. Pro-
posed national conservation status: Data Deficient, because of the lack of information on
the distributional range and population size. The species occurs in Nyungwe National
Park.

3.1.11. Sclerophrys gutturalis (Power, 1927) (Figures 4C and 5C)

Original name and description: Bufo regularis gutturalis—Power, J. H. 1927. Transac-
tions of the Royal Society of South Africa, 14: 405422 [p. 416].

Type locality: “Lobatsi” and “Kuruman”, South Africa.

Taxonomic note: Until recently, the population from Rwanda has been referred to as
Sclerophrys (Bufo) regqularis [11,20,23,48,76-78].
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External morphology: A large species of Sclerophrys, the Guttural Toad exhibits a
pronounced sexual size dimorphism, SVL of males 62-91 mm, SVL of females 70-130
mm [4,6,113]. Reproductive males have a yellow, dark-speckled throat, a single subgular
vocal sac, enlarged thenar tubercles and black nuptial pads on the outer faces of the
first, second and third fingers; the latter is often less obvious. Large, prominent, straight-
lined or slightly kidney-shaped parotid glands, with a relatively smooth appearance. The
tympanum shows a shallow circular depression. Its diameter ranges between 50% and
70% of that of the eye. Coloration in life: Dorsum dark-olive brown with dark brown
patches, the venter cream to whitish. A characteristic light cross between four conspicuous
dark brown blotches on the head. Lateral faces of thigh often with red markings, more
pronounced in juveniles.

Advertisement call: The call is a lengthy rattling sound. Males emit pulsed calls in
series (intercall interval 631-1281 ms) and often form choruses. A single call has a duration
of 525-1011 ms (average: 719 ms) and consists of 8-17 pulses (average: 12) (Figure 5C).
The pulse rate varies between 13 and 20 pulses/s (average: 17 pulses/s). Pulse duration
is 13-37 ms (average: 24 ms), interpulse interval 24-58 ms (average: 40 ms). Dominant
frequency at 301-510 Hz (average: 388 Hz) [4,76].

Distribution: A wide geographical range from Uganda and Kenya, through much of
eastern and southern Africa except the southwestern parts at elevations from sea level to
2348 m [6,79,113]. Altitudinal range and province records in Rwanda: 960-2348 m; all 5
provinces.

Habitat preference and ecology: Terrestrial. In savanna, grassland, shrubland, dry
forests, and the edges of rainforests. Tolerant to human disturbance, present in cultivated
wetlands and human settlements. Breeds in shallow permanent or temporary ponds and
puddles, vegetated lake shores, slow-moving streams and ditches, also in rice fields and
artifical fishponds.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pro-
posed national conservation status: Least Concern, because of its occurrence in high
numbers in both a protected area (Akagera National Park) and in agricultural wetlands
(marais) throughout the country.

3.1.12. Sclerophrys kisoloensis (Loveridge, 1932) (Figures 4D and 5D)

Original name and description: Bufo regularis kisoloensis—A. Loveridge (1932). Occa-
sional Papers of the Boston Society of Natural History, 8: 43-54 [p. 52].

Type locality: “Kisolo, Kigezi district, southwestern Uganda”.

External morphology: The Kisolo Toad is a medium-sized bufonid [4,6,31,110,114,
115]. Pronounced sexual size dimorphism, SVL of males 50-71 mm, SVL of females 53-87
mm. Reproductive males are bright yellow during and a short period after amplexus.
Unlike S. gutturalis, breeding males have a shagreen back with flattened warts lacking
spines, and the gular pigmentation is never black. Coloration in life: Dorsum olive-
brown with dark brown markings, often with a light thin mid-dorsal stripe, the venter
lighter. Parotid glands are two to three times longer than wide, separated from the eyelid.
Tympanum diameter is smaller than eye diameter.

Advertisement call: Males emit pulsed calls in series (intercall interval 825-1713 ms)
and often form choruses. A single call has a duration of 965-1251 ms (average: 1091 ms)
and consists of 72-95 pulses (average: 78) (Figure 5D). The pulse rate varies between 73 and
87 pulses/s (average: 76 pulses/s). Pulse duration is 3-4 ms (average: 3 ms), interpulse
interval 9-10 ms (average: 9 ms). Dominant frequency at 411-496 Hz (average: 452 Hz).

Distribution: The species has a fragmented range from central Malawi to Uganda
and western and central Kenya in altitudes from 1500 m to 3031 m [6,79,113]. Altitudinal
range and province records in Rwanda: 1467-3031 m; Western, Northern, and Southern
Provinces.

Habitat preference and ecology: Terrestrial. In wetlands within montane forests.
Occurs also in agricultural wetlands near forested areas and near Lake Kivu. Breeds in
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natural ponds and puddles, slow-moving streams, and ditches, and also in rice fields and
artificial ponds.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pro-
posed national conservation status: Least Concern, because of its occurrence in protected
areas (Volcanoes, Gishwati-Mukura, and Nyungwe National Parks including Cyamudongo
Forest) as well as anthropogenically disturbed sites.

Dicroglossidae

This family is represented in Rwanda by a single species. The large, water-associated
African Groove-crowned Frog cannot be confused with any other species. Eye with an oval
vertical pupil.

3.1.13. Hoplobatrachus occipitalis (Guinther, 1858) (Figures 2H and 3F)

Original name and description: Rana occipitalis—A. Guinther (1858). Archiv fir
Naturgeschichte, 24: 319-328 [p. 320].

Type locality: “West-Afrika”.

External morphology: The African Groove-crowned Frog is a robust, very large
anuran species. Pronounced sexual size dimorphism: SVL of males 52-110 mm, body
mass 24-84 g, SVL of females 65-160 mm, body mass 20-235 g [4,6,116-118]. Males have
paired lateral vocal sacs, that are dark grey, light blue, or cream, and considerably enlarged
thenar tubercles. Transverse pale groove behind the eyes. The skin is tuberculate with
many enlarged tubercles and short dermal ridges, of which some are arranged to form
interrupted dorsolateral glandular folds; slippery due to numerous glands. Feet fully
webbed. Large tympanum (70-100% of eye diameter) bordered by a conspicuous, strongly
curved supratympanic fold. Coloration in life: Dorsum olive, drab brown or gray with
darker markings and a pale occipital band behind the eyes, venter white with large irregular
dark spots.

Advertisement call: Call description is based on calls recorded in Mauritania [119].
The pulsed advertisement call is a low pitched, deep roar. Males usually emit call series
(intercall interval 1438-1630 ms) and often form choruses. A single call has a duration
of 223-238 ms (average: 232 ms) and consists of 19-25 pulses (average: 22) (Figure 3F).
The pulse rate varies between 83 and 109 pulses/s (average: 97 pulses/s). Pulse duration
is 13-37 ms (average: 24 ms), interpulse interval less than 1 ms. Dominant frequency at
316-532 Hz (average: 481 Hz). For additional call descriptions see [6,120-122].

Distribution: Most parts of sub-Saharan Africa from Mauretania and southern Mali
through West Africa eastwards to Ethiopia, southwards to Zambia and Angola and Gabon,
except for the central Congo Basin. Altitudinal range and province records in Rwanda:
Known only from the Bugarama area at 930-980 m; Western Province.

Habitat preference and ecology: Semi-aquatic, always closely associated with water
bodies. In savanna, farmland, and disturbed edges of forests. Breeds on riverbanks, in rock
pools, and in savanna ponds. In Rwanda only in agricultural wetlands.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pro-
posed national conservation status: Least Concern, because it occurs in high numbers in
anthropogenically altered sites.

Hyperoliidae

The Hyperoliidae are the most diverse frog family in Rwanda and comprise 17 species
in five genera, i.e., Afrixalus (3 species), Callixalus (1 species), Hylambates (1 species), Hy-
perolius (11 species), and Kassina (1 species). Morphological or bioacoustic distinction of
species is difficult in some genera, but usually feasible in combination. All taxa are well

differentiated with respect to partial 165 sequences. The advertisement call (unknown for
Callixalus pictus) allows for a reliable distinction of reproductive males in the field.

Key to the species of Afrixalus of Rwanda based on morphological characters:

1 Dorsal pattern consisting of longitudinal stripes ...........ccccoooieiiiiiiiiiccian, 2
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1/
2

2/

Dorsal pattern consisting of irregularly shaped blotches and spots ... A. phantasma

Two pairs of sharply delimited longitudinal dark brown dorsal bands, central
one extending from level of anterior corners of eyes to end of body, running over
bases of upper eyelids, light brown area between the bands without dark spots or
SPECKIES .o A. quadrivittatus
Usually a single pair of narrow longitudinal dark paravertebral stripes (inconspic-
uous second pair of lateral stripes rarely present), from level of anterior corners of
eyes to end of body, not running over bases of upper eyelids, dorsum and limbs
densely covered with small dark spots ...........cccccevviivinccinccien, A. orophilus

Key to the species of Hyperolius of Rwanda based on morphological characters:

1

1/

2/

3/

4/

5/

6/

7/

8/

Ventral skin without white pigmentation, translucent with a green or bluish hue,

internal organs well visible through sKin ..., 2
Ventral skin or peritoneum with whitish pigmentation, internal organs not or only
PATtLY VISIDLE ..o 4
Large, SVL of males > 27 mm, dorsum coarsely granular, green with heavy brown
and black SPeckling ...........coooiiiiii 3
Smaller, SVL of adult males < 24 mm, dorsum smooth, uniformly bright green,
rarely with few brown dots ... H. jackie

Area between tip of snout and anterior corners of eyes brighter than the rest of the
AOTSUIM ..o H. frontalis
Area not brighter than the rest of the dorsum ............ccccccccevviinnes H. discodactylus

Body elongated, head small and narrow, snout long and acuminate ...... H. rwandae
Body not markedly elongated, head wide, snout rounded or subacuminate .......... 5

Colouration very variable but usually dorsum darker than flanks, separated from
each other by narrow line of bright yellow to yellowish green pigmentation from
tip of snout along edge of eyelid to groin ..........ccoceevvecccccceeninnnene. H. castaneus
Narrow yellow or green line between dorsum and flanks absent ..............cccccc......... 6

Light, straight-lined band running from tip of snout on both sides above nos-
tril, along lateral edge of eyelid, above tympanic area along body side the groin,
flank region ventral to band without heavy white pigmentation ............ccccccoeocee..
............................................................................................ H. cinnamomeoventris (male)
Light lateral band absent or, if present, not running in straight line, through differ-
ent body areas or excluding the eyelid, or, if straight-lined, flank area ventral to
band with dense white pigmentation ............ccccooiieiiii 7

Dorsum uniformly bright to dark green, rarely brownish or greyish; well-defined,
although sometimes interrupted black stripe from nostrils to eye, through tympanic
area onto flanks (if absent, dorsum bright green), preaxial side of thigh with sharply
delimited bright red bIOtch .........cccooiviiiiiiiiiiie 8
Dorsal colouration different, greyish brown if uniform, always without a black strip
from nostril to flank, thigh without sharply delimited red blotch but leg can be red
overall or thigh with diffuse red pigmentation .............ccooooiiiii 9

Green colouration on dorsum, flanks, and dorsal faces of limbs sharply delimited
by a black edge from largely unpigmented ventral colouration that extends around
arm insertion, disrupting the colouration of arm and flank, SVL up to 23 mm
......................................................................................... H. cinnamomeoventris (female)
Dorsum green, brown, or greyish, lower flanks and venter white, no disruption of
colouration of arm and flank, SVL of adult males (with gular gland) > 23.5 mm, of
adult females (no gular gland) > 25 mMm .....ccooevviiiiiiii, H. kivuensis
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9/

Webbing reaching to distal subarticular tubercle on third and fifth toes, colouration
variable but flanks with conspicuously dense white pigmentation forming well
defined stripes or spots or diffusely delimited blotches............c.c.ccc......... H. lateralis
Webbing reaching to disk on third and fifth toes, colouration highly variable
but usually without conspicuous dense white pigmentation on flanks .............
H. glandicolor, H. parallelus and H. viridiflavus (very variable species, closely
resembling each other, rendering their identification based on external characters
in many cases impossible. They are unequivocally distinguished by genetics.)

Key to the hyperoliid species of Rwanda based on advertisement call features:

1
1/

2
2!
3
3
4

4/

5/

6/

7/

8/

9/

10
10’

11
11/

12
12/

13

13’
14

14’

Call consisting of two or more clearly audible elements .............ccooovevrriierniniinnnn. 2
Call consisting of a single short vocalisation ..............cccceeececeiennnnnnneciccenes 6

Call consisting of 1-3 very short (<12 ms) notes (clicks)....ccccccouunnne
........................................................................... Hyperolius cinnamomeoventris (part.)
Call consisting of a series of usually >3 longer (>30 ms) NOteS .........ccceevruerriricrcrenee. 3

Call consisting of a series of 2-13 pulsed notes, repeated at 4.8-6.3 notes/s, each
consisting of 10-18 pulses and lasting 54107 mSs ..........cccccevvurnnee. Hyperolius jackie
Note repetition rate < 8/s, repeated notes briefer .............ccccooviiviiiiinnninenn 4

Call consisting of an initiating long note, composed of 6 pulses, immediately
followed by a long series of 17-138 briefer 3-pulse notes, repeated at approximately

9 notes/s, each lasting <40 MS .......ccocovvrriviviiniiiiniiinnn Afrixalus quadrivittatus
Call a shorter trill, consisting of <16 NOtES ........cccovueveviriiiiiieeic e 5
Trill consisting of 4-6 notes, repeated at 7-12 notes/s ........... Afrixalus phantasma
Trill consisting of 9-15 notes, repeated at 14-25 notes/s .......... Afrixalus orophilus
Dominant frequency markedly upward-modulated ..o, 7
Dominant frequency not modulated ..o 8

Frequency modulation moderate, frequency not rising to 1000 Hz, call duration <

100 ms, note fully tonal ........c.coooriiiciiiiice, Hylambates verrucosus
Frequency modulation strongly expressed, frequency rising to above 1000 Hz, call
duration > 120 ms, note initially distinctly pulsed .................... Kassina senegalensis

Call consisting of 1-3 very short (<12 ms) notes (clicks) .......cccceevrecccccnnccnees
......................................................................... Hyperolius cinnamomeoventris (part.)

Call duration > 150 ms, interpulse interval increasing towards the end of call
................................................................................................. Hyperolius discodactylus

Call duration briefer ... 10
Calls not pulsed or indistinctly pulsed in the first half only .......ccccccoooveriiennnne. 11
Calls distinctly pulsed throughout ..o 13
Maximum amplitude at the beginning of the call ...........cccoooiniii, 12
Maximum amplitude in the middle of the call .................... Hyperolius glandicolor
Call indistinctly pulsed ..........cccoooviiiiiiiiis Hyperolius parallelus
Call unpulsed ..o, Hyperolius viridiflavus
First pulse of call separated by a long interval from the successive pulses, resulting
in a cracking sound .........ccccciiiiiiiii Hyperolius kivuensis
Call dIffeTent .....cvvviveviiiciieic e 14

Buzzing call, consisting of >10 pulses, repeated at >250 pulses/s at the beginning,
followed by 1-3 isolated pulses ..........ccoooviiiiiiiiiiiininnnn, Hyperolius rwandae
Notes consisting of <10 PUISES ........ccoveueieiiriiiiiiinicc e, 15
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15 Maximum amplitude at second pulSe ........c.oocueieiiiiieiiiiiic e 16
15" Maximum amplitude 1ater .........oc.vevvevneenererirerneenerneieeienines Hyperolius castaneus
16 Pulses separated by distinct interpulse intervals (>2 ms) ......cccoovvneenne.

............................................................................................................ Hyperolius frontalis
16’ Interpulse intervals indistinct (<1 ms) ...c..ceeeeeeeereerererinereerncens Hyperolius lateralis

3.1.14. Afrixalus orophilus (Laurent, 1947) (Figures 6A and 7A)

Original name and description: Megalixalus orophilus—R. Laurent (1947). Bulletin du
Musée royal d'Histoire naturelle de Belgique, 23 (7): 1-8 [p. 1].

Figure 6. Rwandan species of Hyperoliidae (A) Afrixalus orophilus, Rugezi Wetland (photo: ].M.D.),
(B) Afrixalus phantasma, Nyungwe NP (photo: J.M.D.), (C) Afrixalus quadrivittatus, Huye (photo:
JM.D.), (D) Callixalus pictus, preserved holotype, RMCA 105145, from Rutsiro, Western Province
(photo: ].M.D.), (E) Hylambates verrucosus, Kahuzi-Biega NP, DR Congo (photo: Bonny Dumbo), (F)
Hyperolius castaneus, Nyungwe NP (photo: ].M.D.), (G) Hyperolius cinnamomeoventris, Huye (photo:
J.M.D.), (H) Hyperolius discodactylus, Nyungwe NP (photo: ] M.D.).
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Figure 7. Advertisement calls of Hyperoliidae in Rwanda, I. (A) Afrixalus orophilus, (B) Afrixalus
phantasma, (C) Afrixalus quadrivittatus, (D) Hylambates verrucosus, (E) Kassina senegalenis, (F) Hyper-
olius castaneus, (G) Hyperolius cinnamomeoventris, (H) Hyperolius discodactylus. Calls are shown as
representative spectrograms and oscillograms.
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Type locality: “Lac Magera (2,000 m.) [Parc National Albert]” (=Lake Magera, 1°25'28”
S§29°3/23” E, North Kivu Province, DR Congo).

External morphology: The Montane Spiny Reed Frog is a small species with hardly
expressed sexual size dimorphism: males 18.3-22.6 mm, females 19.3-24.9 mm [4,27,44,86].
Eyes large and protruding. Two conspicuous narrow dark dorsal bands, with little contrast
to ground color, converging on the head.

Advertisement call: A fast trill, typically consisting of 9-15 notes; total call duration
462-841 ms; dominant frequency slightly increasing from 2900-3180 Hz at the beginning of
the call to 3090-3280 Hz at the end (Figure 7A) [87].

Distribution: The species occurs in an altitudinal range from 950 to 2800 m in the DR
Congo, Burundi, Rwanda, and southwestern Uganda [27,44]. In Rwanda, it is known from
Nyungwe National Park and wetlands in the Northern Province [44,87]. Altitudinal range
and province records in Rwanda: 1865-2400 m; Western and Northern Provinces.

Habitat preference and ecology: Arboreal. In montane swamps, often found in reeds,
papyrus, and bamboo. Breeds in small pools of standing water and in seasonally flooded
meadows [44,87].

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pop-
ulation trend unknown. Proposed national conservation status: Endangered, because
the species has lost most of its former habitat and its distribution is currently limited to
unprotected wetland that is under threat of conversion into farmland.

3.1.15. Afrixalus phantasma Dehling, Greenbaum, Kusamba & Portik in Greenbaum et al.,
2022 (Figures 6B and 7B)

Original name and description: Afrixalus phantasma—]. M. Dehling, E. Greenbaum,
C. Kusamba & D. M. Portik in E. Greenbaum, D. M. Portik, K. E. Allen, E. R. Vaughan, G.
Badjedjea, M. F. Barej, M. Behangana, N. Conkey, B. Dumbo, L. N. Gonwouo, M. Hirschfeld,
D. F. Hughes, F. Igunzi, C. Kusamba, W. Lukwago, F. M. Masudi, J. Penner, J. M. Reyes,
M.-O. Rédel, C. E. Roelke, S. Romero & J. M. Dehling (2022). Zootaxa, 5174: 201-232 [p.
213].

Type locality: “Gishwati Forest (01.823745° S, 29.360373° E, 2084 m), now part of
Gishwati-Mukura National Park, Western Province, Rwanda”.

External morphology: The Ghost Spiny Reed Frog is a small species with a short
body and large protruding eyes [86]. Moderate sexual size dimorphism: SVL of males
20.1-24.6 mm, SVL of females 22.6-26.4 mm. Coloration in life: At night, dorsal side of
head, trunk, forelimbs, crus and tarsus light yellowish brown with more or less regular
dark brown speckling; indistinct darker brown transverse stripe between upper eyelids;
large dark brown, irregularly shaped spot in scapula region, weak brown stripe along
canthus, continuing behind eye on anterior half of trunk on both sides, ventral side of head,
trunk, and limbs largely unpigmented and translucent. At daytime, basic dorsal coloration
brighter, very light brown to bright cream-colored; dark brown dorsal speckles, spots and
stripes in more pronounced contrast to basic coloration, more distinctly visible.

Advertisement call: Five to six, rarely four pulse groups (notes), repeated at a rate of
7.1-11.4/s. Each note consisting of 10-11 pulses, that are repeated at a rate of 190-292/s,
resulting in a note length of 36-94 ms (Figure 7B). Amplitude modulation prominent
within individual notes. Energy maximum at 3020-3810 Hz without marked frequency
modulation. Prominent harmonics at about 60007000 Hz and 9000-11,000 Hz [86].

Distribution: Western Rwanda (Nyungwe and Gishwati Forest) and eastern DR
Congo (in and near Kahuzi-Biega National Park, [tombwe Plateau and Kabobo Plateau;
very likely also in southwestern Uganda and northwestern Burundi [86]. Altitudinal range
and province records in Rwanda: 1962-2084 m; Western Province.

Habitat preference and ecology: Occurs in swamps in forest openings, or at forest
edges. Males call from leaves above standing bodies of water with thick lower vegetation
cover.
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Conservation status and population trend: IUCN Red List: Not evaluated [7] but
proposed as Vulnerable [86]. Proposed national conservation status: Near Threatened,
because of the limited geographic distribution in the country at few localities in Gishwati-
Mukura and Nyungwe National Parks.

3.1.16. Afrixalus quadrivittatus (Werner, 1908) (Figures 6C and 7C)

Original name and description: Megalixalus leptosomus subsp. quadrivittata—F. Werner
(1908 “1907”). Sitzungsberichte der mathematisch-naturwissenschaftlichen Klasse der
Kaiserlichen Akademie der Wissenschaften, 116: 1823-1926 [p. 1900].

Type locality: “am Nil bei Khor Atta [anglodgyptischer Sudan]” (= “by the Nile near
Khor Attar [Anglo-Egyptian Sudan]”, 9.33° N, 31.41° E, 400 m, nowadays Jonglei State,
Republic of South Sudan [99].

Taxonomic remark: This taxon is probably a complex of cryptic species [123,124].

External morphology: The Four-lined Spiny Reed Frog is a small species. Sexual size
dimorphism weakly expressed: SVL of males 23-27 mm, SVL of females 25-28 mm [2,6,38].
Body long, limbs relatively short, eyes large. Reproductive males possess small spines on
dorsum, head, and legs, venter smooth without spines. Coloration in life: dorsum brown
with three pale longitudinal stripes converging at head, venter creamy white.

Advertisement call: The pulsed advertisement call is composed of a long introductory
note (buzz), followed by >20 short notes (clicks comprised of 2-3 pulses) [2,6,76]. Males
usually emit single calls. A call has a duration of 859-7598 ms (average: 2855 ms) and
consists of 17-138 notes (average: 68) (Figure 7C). The pulse rate varies between 16 and
30 pulses/s (average: 24 pulses/s). Pulse duration is 3-8 ms (average: 6 ms). Interpulse
interval is 4-11 ms (average: 7 ms). Dominant frequency 3078-3511 Hz (average: 3251 Hz).
Calls have been described in detail elsewhere [76,123].

Distribution: The nominal species to which the Rwandan specimens belong is found
in eastern DR Congo, southern Ethiopia, Kenya, South Sudan, Rwanda, Tanzania Uganda,
and northern Zambia [6]. It is unclear whether populations reported from West and Central
Africa are conspecific with the nominal taxon [124,125]. Altitudinal range and province
records in Rwanda: 962-1807 m; in all five provinces.

Habitat preference and ecology: Arboreal. In moist and dry savanna, agricultural
areas, and degraded former forest. Breeds in pools of standing water. Eggs are deposited
above the water surface on leaves that are subsequently folded. The tadpole has been
depicted by Ref. [85].

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pop-
ulation trend stable. It is generally an abundant and adaptable species that is tolerant to
human habitat disturbance. In Rwanda, it is a common and abundant species of the agricul-
tural wetlands (marais) as well as natural savannas. Proposed national conservation status:
Least Concern, because of its abundance in protected natural areas (Akagera National Park)
as well as anthropogenically disturbed sites.

3.1.17. Callixalus pictus Laurent, 1950 (Figure 6D)

Original name and description: Callixalus pictus—R. Laurent (1950). Revue de Zoolo-
gie et de Botanique Africaines, 44: 1-18 [p. 6].

Type locality: “Lutsiro (Alt. 2600 m.), Territoire de Kisenyi” (=Rutsiro, Western
Province, Rwanda).

External morphology: The Painted Beauty Frog is large, stout hyperoliid [2,6,28].
Moderate sexual size dimorphism: SVL of males up to 37 mm, SVL of females up to 43 mm.
Dorsum finely tuberculate with scattered larger tubercles, digital discs enlarged, webbing
reduced. No vocal sac and no vocal sac openings. Dorsum chocolate brown to almost black
with numerous small orange or golden spots. Hidden parts of limbs yellow to orange,
venter pink, mauve or bluish, whitish in juveniles. Iris brown.

Advertisement call: Unknown. The species lacks a vocal sac and a tympanum and is
therefore presumed to be mute.
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Distribution: ltombwe and Kabobo highlands of eastern DR Congo, Gishwati-Mukura
and Nyunge National Parks of western Rwanda at 2100-2600 m. Historical altitudinal
range and province records in Rwanda: 2600 m; Western Province.

Habitat preference and ecology: Montane bamboo forest, in broken bamboo stalks
at 2-4 m above the ground, or, where bamboo is scarce, between bark and moss, on tree
trunks. Breeding habitat is unknown, but the species is presumed to breed in phytotelmata
or other small bodies of standing water [36].

Conservation status and population trend: IUCN Red List: Vulnerable [7]. Popula-
tion trend unknown. Proposed national conservation status: Critically Endangered, due to
the loss of almost the complete former habitat in Rwanda during the past 50 years and the
lack of recent records from the country. The species might even be extinct.

3.1.18. Hylambates verrucosus Boulenger, 1912 (Figures 6E and 7D)

Original name and description: Hylambates verrucosus—G. A. Boulenger (1912). The
Annals and Magazine of Natural History including Zoology, Botany, and Geology, Eighth
Series, 10: 140-142 [p. 141].

Type locality: “Mabira Forest, Chagwe, Uganda”.

External morphology: The Warty Stripe-legged Frog is a large tree frog [2,4,6,48].
Sexual size dimorphism apparently absent, males 46-52 mm, females up to 51 mm [2].
Reproductive males have numerous white asperities on the dorsal skin. Coloration in life:
Dorsum uniformly black or dark grey with darker markings. Femur and corresponding
part of flanks, barred with black and yellow or orange. Venter dark brown with few small
spots.

Advertisement call: The tonal call is brief rising whistle, lasting 70-150 ms [2,4,6].
Dominant frequency is steeply upward modulated from 400 to 900 Hz, like the call of
Kassina senegalensis (Figure 7D). A spectrogram of the call has been shown in Ref. [2].

Distribution: The species occurs in parts of the DR Congo, Rwanda, and Uganda at
elevations of 600-2000 m. Altitudinal range and province records in Rwanda: Recorded
from only a single locality at 1936 m in Nyungwe National Park; Western Province.

Habitat preference and ecology: Aboreal. Occurs in lowland and montane forest,
usually associated with edge habitats to open areas. Tolerant to human disturbance. Breeds
in temporary ponds. Eggs are placed singly below water.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed national conservation status: Vulnerable, due to the very
limited geographic range in the country.

3.1.19. Hyperolius castaneus Ahl, 1931 (Figures 6F and 7F)

Original name and description: Hyperolius castaneus—E. Ahl (1931). Mitteilungen
aus dem Zoologischen Museum in Berlin, 17 (1): 1-132 [p. 31].

Type locality: “Vulkangebiet nord-ostlich des Kivu-See’s” (=“volcano area northeast
of Lake Kivu”; i.e., the Virunga Mountains, probably in Rwanda).

External morphology: The Chestnut Reed Frog is a medium-sized species of Hyper-
olius [2,4,6,57,84,85]. Pronounced sexual size dimorphism: SVL of males 20.3-27.2 mm
(average: 23.8 mm), SVL of females 24.1-36 mm (average: 28.9 mm). Reproductive males
differ from females by a yellow throat and a vocal sac. Coloration in life: Dorsum brown
to green, sometimes with irregular darker spots forming variable patterns, venter and
feet yellow to reddish. Metamorphs are uniformly green, sometimes with yellow to white
lateral lines and small black spots.

Advertisement call: The pulsed call is brief and high-pitched, emitted singly or in
series (intercall interval 726-3894 ms depending on temperature or social interactions with
conspecifics) [2,57,58]. The call has a duration of 26-73 ms (average: 45 ms) and consists
of 6-11 pulses (average: 8) (Figure 7F). Pulse rate varies between 125 and 280 pulses/s
(average: 193 pulses/s). Pulse duration is 2-4 ms (average: 2 ms). Interpulse interval is 2-7
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ms (average: 4 ms). Dominant frequency at 2670-3402 Hz (average: 2991 Hz). Calls have
been described in detail elsewhere [57,58].

Distribution: An Albertine Rift endemic of montane forests at elevations of 1600-2879
m in eastern DR Congo, western Rwanda, and western Uganda [2,6,57,58]. In Rwanda, this
species occurs in Volcanoes, Gishwati-Mukura, and Nyungwe National Parks and their
vicinity with degraded rests of montane forest. Altitudinal range and province records in
Rwanda: 1813-3031 m; Northern, Western, and Southern Provinces.

Habitat preference and ecology: Arboreal. In pristine and degraded montane forests.
Breeding takes place in small ponds in wetlands within or at the edge of forests. Clutches
of 20-57 eggs are deposited on moss pads (Polytrichum commune, Isotachis aubertii) or
grass tussocks (Andropogon shirensis) 2-5 cm above the water level [83]. Egg masses are
occasionally infested by frogflies. Seven days after oviposition, tadpoles (Gosner stage
24-25) move into the water and begin their free-swimming tadpole stage. The tadpole has
been described in detail elsewhere [83,85].

Conservation status and population trend: [UCN Red List: Least Concern [7]. Pop-
ulation trend stable. It is an abundant species that is widespread in montane forests. In
Rwanda, it is one of the most common and abundant species of montane wetlands and
occurs abundantly in three protected areas. Proposed national conservation status: Least
Concern.

3.1.20. Hyperolius cinnamomeoventris Bocage, 1866 (Figures 6G and 7G)

Original name and description: Hyperolius cinnamomeo-ventris—]J. V. B. du Bocage
(1866). Jornal de sciencias mathematicas, physicas e naturaes, 1: 57-78 [p. 77].

Type locality: “Duque de Braganca” (=Calandula, Malanje Province, Angola).

Taxonomic remark: This taxon is probably a complex of at least three cryptic species [74,
126,127].

External morphology: The Cinnamon-bellied Reed Frog is a small species of Hy-
perolius [2,4,6,57,84,85]. Moderate sexual size dimorphism: SVL of males 18.6-22.8 mm
(average: 21.1 mm), SVL of females 19-23 mm. Reproductive males differ from females by
a small gular sac flap and in coloration. Coloration in life: Dorsum of males dark brown to
light brown with white to yellow dorsolateral bands, dorsum of females uniformly green,
venter whitish to yellow, thighs of breeding individuals reddish.

Advertisement call: The call has a duration of 550-2003 ms (average: 664 ms) and
typically consists of 2-3 short notes (clicks), each consisting of 2—4 pulses [2,4,6,76,126,128]
(Figure 7G). Pulse rate varies between 125 and 280 pulses/s (average: 193 pulses/s). Pulse
duration is 1-5 ms (average: 3 ms). Interpulse interval is usually 0 ms, interval between
notes up to 593 ms. Dominant frequency at 3083-3992 Hz (average: 3245 Hz). Calls of
Rwandan specimens have been described in detail elsewhere [76].

Distribution: The Cinnamon-bellied-Reed-Frog-species complex occurs in Central
and eastern Africa, from Cameroon to Kenya and south to Angola, Zambia, and Rwanda [2,
6,74,76]. Altitudinal range and province records in Rwanda: 1287-1785 m; Southern
and Eastern Provinces. Erroneously reported from Volcanoes National Park based on
misidentified H. castaneus [56,57] and H. glandicolor [129,130].

Habitat preference and ecology: Arboreal. In savanna at larger water bodies, papyrus
wetland, and other open habitats. The species breeds in dense vegetation on lake shores,
small ponds or ditches in wetlands including farmland. In Rwanda, it often co-occurs with
H. lateralis in natural or recovering reed areas of wetland. The tadpole has been depicted
elsewhere [85].

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pop-
ulation trend stable. Proposed national conservation status: Least Concern, because the
species is common in a protected area (Akagera National Park) and also occurs scatteredly
in farmland.
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3.1.21. Hyperolius discodactylus Ahl, 1931 (Figures 6H and 7H)

Original name and description: Hyperolius discodactylus—E. Ahl (1931). Mitteilungen
aus dem Zoologischen Museum in Berlin, 17 (1): 1-132 [p. 89].

Type locality: “Rugege-Wald” (="Rugege Forest”, in the northeastern part of Nyungwe
Forest, Rwanda).

External morphology: The Disc-fingered Reed Frog is a medium to large species of
Hyperolius [2,4,6,38,62,84,85]. Moderate sexual size dimorphism: SVL of males 29.0-34.1
mm (average: 31.8 mm), SVL of females up to 40 mm. Reproductive males differ from
females by a bright green throat and in coloration. Coloration in life: dorsum green with
dark speckles, rarely brownish green, throat and venter yellow-orange, underside of hands
and feet pink.

Advertisement call: The call is a brief, low-pitched buzz, sometimes emitted in short
series of up to six calls [2,4,61]. The call has a duration of 167-362 ms (average: 254 ms)
and includes 19-50 pulses (average: 37) (Figure 7H). Relative amplitude rises from the
beginning to the middle of the call and declines towards the end. Pulse repetition is highest
at the beginning (142-250 pulses/s) and declines towards the end (58-125 pulses/s). Pulse
duration is 7-16 ms (average: 12 ms), interpulse intervals vary from 0 ms at the beginning
of the call to 19 ms at the end. There is a modulation of the dominant frequency from
between 1950 and 2350 Hz at the beginning of the call to a maximum of 2350-2750 Hz
at about three-fourths the call length (Figure 7H). The call has been described in detail
elsewhere [62].

Distribution: The geographical range of this species is fragmented because it is
restricted to montane forest in eastern DR Congo, Burundi, Rwanda, and Uganda in the
altitudinal range of 1600-2700 m [2,62]. The range includes Volcanoes, Gishwati-Mukura,
and Nyungwe National Parks in Rwanda. Altitudinal range and province records in
Rwanda: 1813-2379 m; Southern, Western, and Northern provinces.

Habitat preference and ecology: Arboreal. In montane forests associated with rivers,
streams, and swamps. Breeds in streams, in sections with slow current. The tadpole has
been described elsewhere [85]. Males call from trees near streams, 1-5 m above ground [62].
The species is capable of parachuting [81]. Sexual maturity is attained within the first year
following metamorphosis, longevity is two years [84].

Conservation status and population trend: IUCN Red List: Least Concern [7]. Locally
abundant, but population trend unknown. Proposed category for the National Red List:
Least Concern, due to its frequent occurrence in protected areas.
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Figure 8. Rwandan species of Hyperoliidae (A) Hyperolius frontalis, Nyungwe NP (photo: ].M.D.),
(B) Hyperolius glandicolor, Volcanoes NP (photo: ].M.D.), (C) Hyperolius jackie, Nyungwe NP (photo:
JMD), (D) Hyperolius kivuensis, Huye (photo: ].M.D.), (E) Hyperolius lateralis, Huye (photo: ].M.D.),
(F) Hyperolius parallelus, Ruzizi (photo: ].M.D.), (G) Hyperolius rwandae, Huye (photo: ] M.D.), (H)
Hyperolius viridiflavus, Kigali (photo: ].M.D.).
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Figure 9. Advertisement calls of Hyperoliidae in Rwanda, II. (A) Hyperolius frontalis, (B) Hyperolius
glandicolor, (C) Hyperolius jackie, (D) Hyperolius kivuensis, (E) Hyperolius lateralis, (F) Hyperolius parallelus,
(G) Hyperolius rwandae, (H) Hyperolius viridiflavus. Calls are shown as representative spectrograms
and oscillograms.
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3.1.22. Hyperolius frontalis Laurent, 1950 (Figures 8A and 9A)

Original name and description: Hyperolius frontalis—R. Laurent (1950). Revue de
Zoologie et de Botanique Africaines, 44: 1-18 [p. 11].

Type locality: “Bushoho (Alt. 1100 m.) a 10 km. au nord-ouest de Bunyakiri, Territoire
de Kalehe, Kivu” (=“Bushoho, 1100 m, 10 km northwest of Bunyakiri, Kalehe Territory,
Kivu [nowadays South Kivu Province]”, DR Congo).

External morphology: The White-Snouted Reed Frog is a medium-sized species of
Hyperolius [2,4,28,85]. Moderate sexual size dimorphism: SVL of males 27.6-31.0 mm, SVL
of females up to 35 mm. Reproductive males differ from females by a green throat (as in
H. discodactylus). Coloration in life: dorsum green (speckled with darker markings) with
an irregular, yellow or golden triangle on the snout, the pale marking often continues
posteriorly as short line or a series of small dots.

Advertisement call: The call is a brief buzz, sometimes in short series of 2-3 calls
(intercall interval about 10 s depending on temperature or social interactions with con-
specifics) [2,4,6]. A call has a duration of 64-69 ms (average: 65 ms) and consists of 8 pulses
(Figure 9A). The pulse rate varies between 116 and 125 pulses/s. Pulse duration is 4-7
ms (average: 6 ms). Interpulse interval is 3-4 ms (average: 3 ms). Dominant frequency
2996-3080 Hz (average: 3030 Hz).

Distribution: The species occurs from northwest of Mount Rwenzori in the eastern
DR Congo, south to west of Lake Kivu, in Bwindi Impenetrable Forest in south-western
Uganda, and in Nyungwe National Park in Rwanda, in an altitudinal range of 700-2000
m [2,4,6,28]. Recorded only from the southern part of Nyungwe National Park in Rwanda.
Altitudinal range and province records in Rwanda: 2283 m; Western Province.

Habitat preference and ecology: Arboreal. In upper lowland rainforest and montane
forest associated with streams and swamps. Breeds in small ponds and stream sections
with slow current. Males call from dense vegetation overhanging ponds. The opaque white
eggs (diameter: 5 mm) are attached to vegetation up to 3 m above water [2]. Clutch size is
ca. 24. The tadpole has been described elsewhere [85].

Conservation status and population trend: IUCN Red List: Least Concern [7]. Locally
abundant, but population trend unknown. Proposed category for the National Red List:
Vulnerable, because of the very restricted range in the country, at a single known locality in
a protected area.

3.1.23. Hyperolius glandicolor Peters, 1878 (Figures 8B and 9B)

Original name and description: Hyperolius glandicolor—W. Peters (1878). Monats-
berichte der Koniglich Preussischen Akademie der Wissenschaften zu Berlin. Aus dem
Jahre 1878: 194-209 [p. 208].

Type locality: “Taita”, Kenya.

External morphology: The Montane Common Reed Frog is a medium-to-large species
of Hyperolius [2,4,85]. Pronounced sexual size dimorphism: SVL of males 20.5-33.2 mm
(average: 25.2 mm), SVL of females 26-35 mm (average: 31.2 mm). Coloration in life: not
as variable as in the other species of the viridiflavus group in Rwanda; dorsum of males
yellow and dark brown, dorsum of females dark grey, venter and limbs red.

Advertisement call: The call is a brief click, often emitted in series (intercall interval
between 1 and 4 s depending on temperature or social interactions with conspecifics) [4].
The tonal call structure is common in advertisement calls of species in the H. viridiflavus
group. The call has a duration of 39-41 ms (average: 39 ms). Dominant frequency 2344-2388
Hz (average: 2358 Hz) (Figure 9B).

Distribution: The species occurs in Rwanda, Uganda, northern Tanzania and southern
Kenya [85,131]. Altitudinal range and province records in Rwanda: 2055-2879 m; Western
and Northern Provinces.

Habitat preference and ecology: Arboreal. In swamps in montane forest, on lake
shores, also in cultivated land near irrigation channels and ponds. Breeds in ponds and
other bodies of stagnant water. Males call from emergent vegetation above the water
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surface. Maturity is reached in males within the first year of life, in females within the
second. Longevity is about three years [84].

Conservation status and population trend: IUCN Red List: Least Concern [7]. Usu-
ally abundant, but population trend unknown. Proposed category for the National Red
List: Least Concern, because the species occurs in high numbers both in montane swamps
in protected areas (Volcanoes National Park) and in farmland.

3.1.24. Hyperolius jackie Dehling, 2012 (Figures 8C and 9C)

Original name and description: Hyperolius jackie—]. M. Dehling (2012). Zootaxa, 3391:
52-64 [p. 54].

Type locality: “a natural pond at Karamba (S 2°28'44.28”, E 29°06/44.50”, 1940 m
a.s.l.), Nyungwe National Park, Rwanda”.

External morphology: The Nyungwe Reed Frog is a small species of Hyperolius [80,85].
Sexual size dimorphism absent: SVL of males 18.8-23.2 mm (average: 21.1 mm), SVL of
females unknown. Reproductive males have nuptial pads and a green throat. Coloration
in life: dorsum green with dark brown spots, venter transparent. Bones are blue, visible
through skin. Tympanum visible, size about half the area of the eye.

Advertisement call: Males emit pulsed calls in series (intercall interval 109-132 ms
depending on temperature or social interactions with conspecifics) [80]. A single call
has a duration of 54-107 ms (average: 75 ms) and consists of 10-18 pulses (average: 14)
(Figure 9C). Pulse rate on average 187 pulses/s. Pulse duration is 2-4 ms (average: 3 ms).
Interpulse interval is 1-3 ms (average: 2 ms). Dominant frequency 2650-3150 Hz (average:
2956 Hz).

Distribution: Known only from the Karamba swamp and a neighbouring stream in
the southwestern part of Nyungwe National Park, southwestern Rwanda. Altitudinal
range and province records in Rwanda: 1881-1936 m; Western Province.

Habitat preference and ecology: Arboreal. In small swamps and near small streams
in montane forest. Breeds in small ponds and probably also in stream sections with low
current. Tadpole morphology and ecology are described in Ref. [73].

Conservation status and population trend: IUCN Red List: Data Deficient [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Endangered, because
the type locality, and thus one of only two localities from where the species was known,
was destroyed during road construction between 2014 and 2017.

3.1.25. Hyperolius kivuensis Ahl, 1931 (Figures 8D and 9D)

Original name and description: Hyperolius kivuensis—E. Ahl (1931). Mitteilungen aus
dem Zoologischen Museum in Berlin, 17 (1): 1-132 [p. 26].

Type locality: “Kivu-See” (=Lake Kivu).

External morphology: The Kivu Reed Frog is a large species of Hyperolius [2,4,6,85].
Pronounced sexual size dimorphism, males 23.5-37.1 mm (average: 29.7 mm), females 25.1-
40.5mm (average: 33.1 mm) [94]. Males with gular vocal sac, in reproductive individuals
colored brightly yellow. Snout long and pointed. Coloration in life: dorsum uniformly light
to dark brown or green with a distinct dark lateral band, light canthal, and dorsolateral
stripe often present in the brown specimens, rarely in green ones. Hidden parts of limbs
reddish to yellow. Venter unpigmented in most populations. Dorsum usually without
asperities.

Advertisement call: The call is brief harsh chirp [2,4,6]. A single call has a duration
of 50-107 ms (average: 75 ms) and includes 4-7 pulses (average: 5). Pulse duration is
1-5 ms (average: 3 ms). Interpulse interval between the first and second pulse (1541 ms)
always longer than among the following pulses (3-9 ms). Dominant frequency 2177-3124
Hz (average: 2649 Hz) (Figure 9D). The call has been described in detail and a spectrogram
of the call has been depicted elsewhere [2,76].

Distribution: The Kivu Reed Frog is distributed from Angola to Mozambique and
northwards through Tanzania, DR Congo, Rwanda, Uganda to southwestern Ethiopia and
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eastern South Sudan at elevations up to 2300 m. Altitudinal range and province records in
Rwanda: 1287-2143 m; all five provinces.

Habitat preference and ecology: Arboreal. In natural grassland and cultivated wet-
lands (marais). The species breeds in ponds and on lake shores with dense vegetation.
Maturity is reached at 10-14 months, longevity in field up to four years, in captivity up to
six years [84]. Tadpole morphology and ecology are described in Refs. [85,132].

Conservation status and population trend: [UCN Red List: Least Concern [7]. One of
the most common species in the wetlands of Rwanda, tolerant to human habitat alteration.
Proposed category for the National Red List: Least Concern, because it occurs abundantly
in natural savanna in a protected area (Akagera National Park) and in farmland throughout
the country.

3.1.26. Hyperolius lateralis Laurent, 1940 (Figures 8E and 9E)

Original name and description: Hyperolius lateralis—R. Laurent (1940). Revue de
Zoologie et de Botanique Africaines, 34: 1-7 [p. 1].

Type locality: “N’Gesho (pres des Lacs Mokoto)” (=“N’Gesho, near the Mokoto
Lakes”), DR Congo.

External morphology: The Side-striped Reed Frog is a small species of Hyperolius [2,4,
6,85]. Moderate sexual size dimorphism, males 18.6-25.0 mm (average: 21.6 mm), females
21-30 mm (average: 25.3 mm). Reproductive males have a yellow throat. Coloration in life:
variable patterns in males, dorsum brown to green with a dark line from nostril to eye. A
dorsolateral pale white stripe is common. Venter and feet with a reddish tinge. Females
dark brown or green with a broad yellow stripe, which has black margins.

Advertisement call: The call is brief harsh creak [2,4,6,76]. Males emit pulsed calls
often in long series (intercall interval 0.6-1.7 s depending on temperature or social inter-
actions with conspecifics) or singly. A single call has a duration of 13-55 ms (average: 32
ms) and contains 4-8 pulses (average: 6) [76]. Average pulse rate is 214 pulses/s. Pulse
duration is 1-4 ms (average: 3 ms). Interpulse interval is 0-3 ms (average: 1 ms). Dominant
frequency 3046-3854 Hz (average: 3500 Hz) (Figure 9E). The call has been described in
detail and a spectrogram of the call has been depicted elsewhere [2,76,126].

Distribution: The species is a locally common species in Burundi, DR Congo, Kenya,
Rwanda, Tanzania, and Uganda in at elevations of 650-2100 m. Recent records in Rwanda
are from a few scattered localities only. Altitudinal range and province records in Rwanda:
1324-2055 m; Northern, Eastern, and Southern Provinces.

Habitat preference and ecology: Arboreal. In natural or near-natural wetlands. The
species breeds in small ponds and in waterfilled depressions in seasonally flooded mead-
ows. Males reach maturity before completing the first year of life, longevity in nature is up
to two years [84]. Tadpole morphology and ecology are described in Ref. [85].

Conservation status and population trend: IUCN Red List: Least Concern [7]. Locally
common species in natural or moderately disturbed wetlands in Rwanda. Population trend
unknown. Proposed category for the National Red List: Vulnerable, because the species
has lost most of its former area of occupancy in the country and the few remaining areas
where the species occurs are threatened with conversion into farmland.

3.1.27. Hyperolius parallelus Gtinther, 1858 (Figures 8F and 9F)

Original name and description: Hyperolius parallelus—A. Glinther (1858). Archiv fiir
Naturgeschichte, 24: 319-328 [p. 326].

Type locality: “Stid-Afrika” (=“South Africa”). Later stated as “South Africa” and
“Angola” [133] and restricted to “Cape of Good Hope” and “Ambris” (=Ambriz), “An-
gola” [134]. Ref. [131] further restricted the type locality to Ambriz, Angola and assigned
(by implication) the types from Cape of Good Hope to Hyperolius marmoratus Rapp, 1842.

External morphology: The Angolan Reed Frog is a medium to large species of Hyper-
olius [85]. No marked sexual size dimorphism, males 30.0-38.4 mm (average: 35.5 mm),
females slightly larger. Coloration in life variable: Dorsum usually black, dark brown or
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dark reddish brown with dark-edged light (white to light brown) broad stripes or large
spots in the middle and on flanks. Limbs lighter colored.

Advertisement call: The call is a short metallic click. It is indistinctly pulsed, primar-
ily in the first half. Males emit calls in series (intercall interval 0.6-1.1 s depending on
temperature or social interactions with conspecifics). A single call has a duration of 60-88
ms (average: 71 ms). Dominant frequency 2534-2584 Hz (average: 2573 Hz) (Figure 9F).

Distribution: The species is distributed from northern Namibia, through Angola,
across to southern Lake Tanganyika, Burundi, Rwanda, and northern DR Congo [131].
Only in the southwestern part of Rwanda. Altitudinal range and province records in
Rwanda: 962-1839 m; Western Province.

Habitat preference and ecology: Arboreal. In savanna and cultivated wetlands;
tolerant to human disturbance. Breeding habitat: ponds and ditches.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Least Concern, because
it occurs abundantly in cultivated wetlands in southwestern Rwanda.

3.1.28. Hyperolius rwandae Dehling, Sinsch, Rodel & Channing in Channing et al., 2013
(Figures 8G and 9G)

Original name and description: Hyperolius rwandae—]. M. Dehling, U. Sinsch, M.-O.
Rodel & A. Channing in A. Channing, A. Hillers, S. Lotters, M.-O. Rodel, S. Schick, W.
Conradie, D. Rodder, V. Mercurio, P. Wagner, J. M. Dehling, L. H. du Preez, J. Kielgast & M.
Burger (2013). Zootaxa, 3620: 301-350 [p. 337].

Type locality: “Pond in farmland on the eastern outskirts of Butare, Huye District,
South Province, Rwanda (2°37/10.79” S, 29°45'08.45” E)”.

External morphology: The Rwanda Reed Frog is a small species of Hyperolius [6,82,85].
Sexual size dimorphism absent, males 18.4-22.0 mm (average: 19.5 mm), females 18.2-23.5
mm (average: 19.2 mm) [82,84]. Coloration in life: Dorsum yellowish green; yellowish
white, moderately broad dorsolateral stripe running along each side of the body from
lateral edge of upper eyelid to groin; very small dark brown to black dots and larger brown
to reddish brown specks on dorsum; ventral side and parts of dorsal side of thigh and
upper arm largely unpigmented, appearing bluish-green. Iris reddish-brown during the
night, yellowish-brown during the day.

Advertisement call: The call is a high-pitched chirp immediately followed by 2—4
single pulses [6,76,82]. Males emit the calls in series (intercall interval 1.0-1.3 s depending
on temperature or social interactions with conspecifics) or singly. A single call (long note
pluse single pulses) has a duration of 62-287 ms (average: 139 ms) and consists of 13-23
pulses (average: 18) (Figure 9G). The average pulse rate is 130 pulses/s. Pulse duration
is 2-4 ms (average: 3 ms). Interpulse interval within the introductory long note ca. 1
ms, between the following single pulses 20-25 ms (average: 23 ms). Dominant frequency
4005-5272 Hz (average: 4621 Hz). The call has been described in detail elsewhere [76,82].

Distribution: The species is known from Rwanda, Burundi, and eastern DR
Congo [82,85,135]. Altitudinal range and province records in Rwanda: 1287-1807 m;
all five provinces.

Habitat preference and ecology: Arboreal. Occurs in savanna, grasslands, and culti-
vated wetlands. It is tolerant to human impact. Breeding takes place in ponds and densely
vegetated lake shores. Males call from vegetation in 5-200 cm height. Eggs are small
(diameter: 1.0 mm) and placed on vegetation above the water. Maturity is reached in the
second year of life at 18.2 mm; longevity in nature up to 3 years in females and 5 years in
males [84]. Size at metamorphosis is 9.0 mm. Tadpole morphology is described in [85].

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pop-
ulation trend seems stable. Proposed category for the National Red List: Least Concern,
because the species commonly occurs throughout the country in farmland and a protected
area (Akagera National Park).
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3.1.29. Hyperolius viridiflavus (Duméril & Bibron, 1841) (Figures 8H and 9H)

Original name and description: Eucnemis viridi-flavus—A.-M.-C. Duméril & G. Bibron
(1841). Erpétologie générale ou histoire naturelle complete des reptiles. Tome huitieme, 784
pp- [p. 528].

Type locality: “Abyssinie” (=Ethiopia), restricted to “Adoua” (=Adwa, Ethiopia) [136].

External morphology: The Common Reed Frog is a medium to large Hyperolius [6,
76,84,85,99]. Moderate sexual size dimorphism, males 22.1-36.3 mm (average: 28.6 mm),
females 28.4-43.0 mm (average: 30.4 mm) [84,94]. Reproductive males have a yellow gular
disc. Coloration in life: many variations of dorsal patterns within the same population,
dorsum can be uniformly greyish to brown, green with small black dots, or dark brown
with yellow or whitish blotches or with longitudinal bands, or yellow with red or gray
spots. The color of metamorphs is brownish to green with paired light dorsolateral lines
(SVL: 13-15 mm).

Advertisement call: The call is loud metallic click [2,4,6,76]. The tonal call is emitted
in long series (intercall interval 0.5-0.7 s depending on temperature or social interactions
with conspecifics) or singly [76]. A single call has a duration of 24-82 ms (average: 47 ms).
Dominant frequency 2220-2917 Hz (average: 2640 Hz) (Figure 9H). The call has been
described elsewhere in detail [76].

Distribution: It is one of the most abundant species in Burundi, DR Congo, Ethiopia,
Kenya, Rwanda, Sudan, Tanzania, and Uganda at elevations of up to 2400 m. Altitudinal
range and province records in Rwanda: 1287-2143 m; all five provinces. Erroneously
reported from up to 3000 m in Volcanoes National Park based on misidentified H. glandi-
color [56,129,130].

Habitat preference and ecology: Arboreal. Occurs in all types of savanna, grassland,
bush land, and at the forest edge; tolerant to human disturbance and abundant in cultivated
land. The species breeds in ponds, irrigation channels, densely vegetated lake shores areas,
and in flooded meadows. Males call from vegetation at heights of 0-200 cm and compete for
preferred calling sites by physical combat including kicking and grasping [137]. Maturity
is reached during the second year of life, longevity in nature up to 3 years [84]. Tadpole
morphology and ecology are described in Ref. [85].

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend stable. Proposed category for the National Red List: Least Concern, because
it occurs very commonly throughout the country in both farmland and a protected area
(Akagera National Park).

3.1.30. Kassina senegalensis (Duméril & Bibron, 1841) (Figures 7E and 10A)

Original name and description: Cystignathus Senegalensis—A.-M.-C. Duméril & G.
Bibron (1841). Erpétologie générale ou histoire naturelle compleéte des reptiles. Tome
huitieme, 784 pp. [p. 418].

Type locality: “Sénégal [...] dans les étangs des environs de Galam” (=“in the ponds
of Galam”, “Senegal”).

External morphology: The Senegal Running Frog is medium-sized hyperolid [2,4,6].
Sexual size dimorphism absent, males and females 25-52 mm SVL. Reproductive males
have a dark vocal sac, covered almost completely with the large square gular gland.
Coloration in life: Dorsum yellowish brown to gray with a dark vertebral band and a
pair of sometimes interrupted dark paravertebral bands, venter greyish white. Fingertips
slightly swollen.

Advertisement call: The tonal call is fast rising whistle [2,4,6], emitted in long series
(intercall interval 2-5 s depending on temperature or social interactions with conspecifics)
or singly [76]. A single call has a duration of 58-159 ms (average: 118 ms); dominant
frequency is upward-modulated (753-2174 Hz) (Figure 7E). The call has been described
elsewhere in detail [76,138].

Distribution: The species is distributed from Senegal through most of West Africa
except the wettest coastal areas eastwards to Eritrea and southwards to southeastern South
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Africa, central Namibia and southwestern DR Congo at elevations from near sea level to
2500 m. It is absent from the wetter regions of Central Africa and the drier regions of the
Horn of Africa. Altitudinal range and province records in Rwanda: 1287-2143 m; all five
provinces.

Habitat preference and ecology: Terrestrial. The species occurs in humid and dry
savannas, shrubland, forest edge, degraded forest, and cultivated wetlands. It breeds in
temporary or permanent ponds. Males call at the margins of ponds, often well hidden.
Males often form large choruses and respond to each other when one male begins calling.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend stable. Proposed category for the National Red List: Least Concern, because
the species occurs in high numbers throughout the country in both farmland and natural
wetlands including a protected area (Akagera National Park).

Microhylidae

The family is represented in Rwanda by a single genus with a single species.

3.1.31. Phrynomantis bifasciatus (Smith, 1847) (Figures 10B and 11H)

Original name and description: Brachymerus bifasciatus—A. Smith (1847). Illustrations
of the Zoology of South Africa; consisting chiefly of figures and descriptions of the objects
of natural history collected during an expedition into the interior of South Africa, in the
years 1834, 1835, and 1836; fitted out by “The Cape of Good Hope Association for exploring
Central Africa”. Reptilia. Part 26: Plate 63.

Type locality: “country to the east and north-east of the Cape Colony”, “on the banks
of the Limpopo River, close to the tropic of Capricorn”, Limpopo Province, South Africa.

Taxonomic remark: The genetic variation among populations referred to as Phryno-
mantis bifasciatus requires a re-evaluation in future [139].

External morphology: The Banded Rubber Frog is a small to medium-sized frog
species [4,6,48,140]. Sexual size dimorphism present, males up to 53 mm SVL, females up
to 65 mm SVL, specimens from Rwanda smaller (up to 42 mm; [48]). Reproductive males
have a black throat, whereas that of females is greyish. Skin smooth, fingers, and toes with
small, truncated discs. Coloration in life: Dorsum shows two orange to red broad bands
from snout over eyes to the leg on a black background, orange to red patch above the vent.
Venter grey with white small spots and blotches. Unmistakable due to its unique dorsal
color pattern.

Advertisement call: The pulsed call is a long melodious trill, which can be heard from
over a kilometer [4,6,141,142]. The maximum sound pressure level is 108 dB [143]. Average
call duration is 1862 ms (range: 1-7 s), intercall interval ranges from 1597 to 5004 ms. The
number of pulses per call ranges from 41 to 44 pulses, pulse duration averages 22 ms (range:
20-26 ms), and the interpulse interval averages 20 ms (range: 19-23 ms). The pulse rate
averages 22 pulses/s. The power spectrum includes two harmonics with almost the same
intensity, the lower band ranges between 900 Hz and 1200 Hz, the upper band ranges
between 1800 and 2400 Hz. A spectrogram of the call has been depicted elsewhere [107].

Distribution: The species occurs from northern Angola to southern Kenya and south-
ern Somalia and to northern South Africa at elevations from sea level to 1450 m. In Rwanda,
known from two localities in the eastern lowlands. Altitudinal range and province records
in Rwanda: 1290-1292 m; Eastern Province.

Habitat preference and ecology: Terrestrial, also arboreal. Inhabits grassland, wooded
savanna, and agricultural areas such as banana plantations, tolerant to human disturbance.
Breeding takes place in temporary pans and pools and in flooded grassland.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Vulnerable, because its
occurrence is limited to a restricted, non-protected area in the extreme East of the country
that is used for livestock breeding and agriculture.
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Figure 10. Rwandan species of Hyperoliidae (A) Kassina senegalensis, Huye (photo: ].M.D.); Microhyl-
idae (B) Phrynomantis bifasciatus, Eastern Province (photo: Eberhard Fischer); and Phrynobatrachidae
(C) Phrynobatrachus acutirostris, Nyungwe NP (photo: Eberhard Fischer), (D) Phrynobatrachus auritus,
Libreville, Gabon (photo: ].M.D.), (E) Phrynobatrachus bequaerti, Rugezi Wetland (photo: ].M.D.), (F)
Phrynobatrachus graueri, Nyungwe NP (photo: ] M.D.), (G) Phrynobatrachus kakamikro, Huye (photo:

J.M.D.), (H) Phrynobatrachus natalensis, Huye (photo: ] M.D.).
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Figure 11. Advertisement calls of Rwandan Phrynobatrachidae (A) Phrynobatrachus acutirostris, (B)
Phrynobatrachus bequaerti, (C) Phrynobatrachus kakamikro, (D) Phrynobatrachus natalensis, (E) Phrynoba-
trachus parvulus, (F) Phrynobatrachus scheffleri, (G) Phrynobatrachus versicolor; and Microhylidae (H)
Phrynomantis bifasciatus. Calls are shown as representative spectrograms and oscillograms.
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Phrynobatrachidae

Nine species of the genus Phrynobatrachus have been recorded in Rwanda so far.
Morphological distinction of most species is difficult because they resemble each other in
general appearance and differ mainly in adult size. All taxa are well differentiated with
respect to partial 16S sequences. The advertisement call (unknown for P. auritus and P.
graueri) allows for a reliable distinction of reproductive males in the field.

Key to the species of Phrynobatrachus of Rwanda based on morphological characters:

1

1/

2
2/

3
3/

4

4/
5

5/

6/

7/

8/

Distinct ridge from snout to eye, continued as anterior part of supratympanic fold

then as dorsolateral ridge to end of trunk present ..........ccccccceunnne. P. acutirostris
Continuous ridge from snout to end of trunk absent ...........cccccccoeeueennnnnnnnnee. 2
Continuous, well defined, narrow concave dermal scapular ridge present ............. 3
Dermal ridge absent or elongated tubercles present in scapular region .................. 6

Posterior part of abdomen yellow, ventral side of leg reddish orange ... P. graueri
Colouration of abdomen and ventral side of legs different ............ccccoevvrniccncnnnee 4

SVL of adult males < 23 mm, adult females < 26 mm, tympanum concealed ..........
........................................................................................................................... P. bequaerti

Supratympanic fold straight-lined from eye to arm insertion, lateral fold absent ...
.............................................................................................................................. P. auritus
Supratympanic fold rounded to angular, lateral dermal fold usually present ......
......................................................................................................................... P. versicolor

Tympanum covered by skin but visible, no elongated tubercles or dermal folds in

scapular region, SVL of adults > 26 mm .........cccooveriiiiiiiiiiii P. natalensis
Tympanum invisible, pair of elongated large tubercles in scapular region, SVL < 25
5101 2 0 OSSOSO 7

White line from eye to arm insertion, breeding males with blackish throat and long
gland on thigh ..o P. parvulus
Colouration of side of head and on throat different, no gland on thigh in males .... 8

Two pairs of elongated scapular tubercles forming an interrupted “W”, posterior
ones almost meeting in the centre, interrupted row of enlarged tubercles on flank
.......................................................................................................................... P. scheffleri
Two pairs of elongated scapular tubercles forming an interrupted “X”, posterior
ones separated from each other by half their length, enlarged tubercles on flank not
I @ TOW vttt P. kakamikro

Key to the species of Phrynobatrachus of Rwanda based on advertisement call features:

1

1/

2
2/

3
3/

4

4/

Call consists of a single pulse group, sometimes with an additional terminal pulse

............................................................................................................................................ 2
Call consists of more than one pulse roup .......cc.cccoeeeieieieiieieiieiicieiceeeee e, 6
Call consists of equally spaced pulses .........cccccvviiiiviiniiciiiniiccccc 3
Call with interpulse intervals of variable duration ..........c.cccccoeceuevrnniciccccccccnnenes 4
Dominant frequency about 1500 Hz ..o P. natalensis
Dominant frequency > 3500 Hz .........cccccooiiiiinniiiiic, P. scheffleri

Call consists of a long pulse group followed by a well-separated single pulse
....................................................................................................................... P. kakamikro
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5"  Call with less than 3 diStinet €LEIMENES ........e.veveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenes 7

6 Call duration < 500 ms, final element consisting of a single loud pulse ... P. bequaerti
6’ Call duration > 1 s, final element consisting of 3-5 widely spaced loud pulses
........................................................................................................................ P. acutirostris

7  Call consisting of 3-5 pulse groups, each with at least 4 pulses ............ P. versicolor
7' Call consisting of >10 pulse groups with a terminal loud single click ...... P. parvulus

3.1.32. Phrynobatrachus acutirostris Nieden, 1912 (Figures 10C and 11A)

Original name and description: Phrynobatrachus acutirostris—F. Nieden (1912 “1911”).
In Schubotz H. (Ed.): Wissenschaftliche Ergebnisse der Deutschen Zentral-Afrika-Expedition
1907-1908 unter Fithrung Adolf Friedrichs, Herzogs zu Mecklenburg. Band IV, Zoologie II:
165-195 [p. 173].

Type locality: “Rugegewald” (="Rugege Forest”, in the northeastern part of Nyungwe
Forest, Rwanda).

External morphology: The Sharp-snouted Puddle Frog is a large species of Phrynoba-
trachus with SVL of males 43.8-49.2 mm and SVL of females up to 51 mm [6,23,46]. Back
with characteristic inverted-u-shaped scapular ridge, lateral face separated from dorsal
face by glandular ridge. Coloration in life: Dorsum uniformly brown, sometimes with dark
spots, flanks darker brown. Venter brown with darker mottling.

Advertisement call: The complete advertisement call consists of three parts: (a) an
initial series of pulses that are repeated with increasing rate and decreasing amplitude and
fade into (b) a series of 10 or more rapidly repeated notes with constant amplitude that are
finally condensed to a short pulsed note with increasing amplitude that ends with (c) a
distinct last pulse of much higher amplitude and is followed by two to four separate, more
or less equally spaced pulses with further increasing amplitude, the loudest part of the
call (Figure 11A). Call duration of the complete call averages 1677 ms (range: 1432-1781
ms). Dominant frequency is at 750-1000 Hz and slightly decreases from the first pulse
to the pulsed note before it increases again towards the last pulse. Amplitude decreases
from the first note to the penultimate pulse of the condensed note, and then significantly
increases from the last pulse of the note to the end of the final pulse series (Figure 11A).
Most commonly, part c is emitted separately, especially when two or more males call near
each other. The rapid series and condensed note without the louder final pulse (part b)
is sometimes also emitted separately, as are, rarely, the first 3-5 pulses of the initial pulse
series. This suggests that the three parts of the call may serve different purposes.

Distribution: The species is an Albertine-Rift endemic recorded from Rwanda and
eastern DR Congo at elevations between 1750 and 2380 m. It probably also occurs in
northwestern Burundi. Altitudinal range and province records in Rwanda: 2238-2503 m;
Southern Province. Erroneously reported from Lac Ngezi in Volcanoes National Park due
to a typesetting error by Ref. [57].

Habitat preference and ecology: Terrestrial. Inhabits wetlands in pristine montane
rainforest along streams, which are used for breeding. Tadpoles are found in stream sections
with low current. Reproductive males call hidden below vegetation at the shore of streams.
Calling activity is limited to daytime.

Conservation status and population trend: IUCN Red List: Near Threatened [7].
Population trend decreasing. Proposed category for the National Red List: Vulnerable, due
to the species’ very small geographical range.

3.1.33. Phrynobatrachus auritus Boulenger, 1900 (Figure 10D)

Original name and description: Phrynobatrachus auritus—G. A. Boulenger (1900).
Proceedings of the Zoological Society of London, 1900: 433-456 [p. 440].

Type locality: “Benito River [north of the Gaboon River between 20 and 30 miles
inland from the coast]”, Gabon.
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External morphology: The Golden Puddle Frog is a medium-sized species of Phryno-
batrachus, SVL of males up to 33 mm, that of females up to 40 mm [6,144]. The dorsum is
smooth with a conspicuous, large X-shaped dermal ridge extending from behind the eyes
to about the middle of the trunk. The canthus rostralis and the supratympanic fold are well
developed. Legs long, tips of fingers and toes not enlarged.

Advertisement call: The call has been described as a “low croaking” [6]. A quantita-
tive call analysis is not available.

Distribution: The species is distributed from eastern Nigeria and western DR Congo
to Uganda and eastern DR Congo from sea level to about 1600 m. The only record from
Rwanda is based on a single specimen (RMCA 1848, Figure 10D) collected at “Kissenyi”
(=Gisenyi/Rubavu, Rwanda) in January 1926 by H. Schouteden (as P. plicatus) [22,23,145].
Laurent [38] doubted the occurrence of this lowland-forest species at Gisenyi which he
thought was improbable. No other specimen has ever been collected or observed at Gisenyi
or elsewhere in Rwanda, and the presence of the species needs to be confirmed. Altitudinal
range and province records in Rwanda: approximately 1500 m; Western Province.

Habitat preference and ecology: Terrestrial. Inhabits primary and secondary lowland
to submontane rainforest. The species breeds in ponds, puddles, and stream sections with
low current.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend stable. Proposed category for the National Red List: Data Deficient.

3.1.34. Phrynobatrachus bequaerti (Barbour & Loveridge, 1929) (Figures 10E and 11B)

Original name and description: Arthroleptis bequaerti—T. Barbour & A. Loveridge
(1929). Proceedings of the New England Zoological Club, 11: 25-26 [p. 25].

Type locality: “a swamp on Mt. Vissoke, Belgian Congo [=Mount Bisoke, DR Congo],
8000-9000 feet altitude”.

External morphology: Bequaert’s Puddle Frog is a very small species. Sexual size
dimorphism present, SVL of females 20.0-25.8 mm, SVL of males 18.8-22.8 mm [19].
Coloration in life: Dorsum uniformly brown, less than one-third of specimens with narrow
vertebral stripe or broader vertebral band [23]. Venter white, mottled and vermiculated
with dusky brown on throat and chest.

Advertisement call: The high-pitched, pulsed call is composed of up to three parts:
(a) 2—4 equally spaced pulses of low intensity, slightly increasing on the last pulse; (b) a
long buzzing note consisting of 22-25 pulses with further increasing amplitude that are
repeated at an increasing rate; and (c) a series of 1-4 widely separated single-pulse klick
notes, the loudest part of the call (Figure 11B). The first klick note is added after a brief
interval of approximately 40 ms, the following ones after intervals of 230-250 ms. Call
duration of a complete call with one klick note averages 268 ms (range: 240-277 ms). The
three-part call (n = 6) was initially emitted in a spontaneous call series including 33 calls.
Later, element (a) was skipped until the end of the series. The two-part call (b + c) is similar
to the call of P. kakamikro. Element duration was 13-28 ms (a), 104-190 ms (b), and 2-3 ms
(c), respectively. Dominant frequency averages 3942 Hz (3936-4073 Hz). The call has not
been described before.

Distribution: The species is endemic to the Albertine Rift and occurs in the DR Congo,
Rwanda, and Uganda at elevations of 600-3475 m [23,38]. Altitudinal range and province
records in Rwanda: 2055-3475 m; Northern Province.

Habitat preference and ecology: Terrestrial. Inhabits wetlands at higher altitudes,
including clearings in montane forest and swamps in Dendrosenecio-Lobelia paramo. Breeds
in shallow puddles and ponds.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pop-
ulation trend decreasing. Proposed category for the National Red List: Least Concern,
because it occurs in high numbers in protected areas (Volcanoes National Park, Rugezi
Wetland) and in farmland.
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3.1.35. Phrynobatrachus graueri (Nieden, 1911) (Figure 10F)

Original name and description: Arthroleptis graueri—F. Nieden (1911 “1910”). Sitzungs-
berichte der Gesellschaft Naturforschender Freunde zu Berlin, 1910: 436441 [p. 441].

Type locality: “Rugegewald” (="Rugege Forest”, in the northeastern part of Nyungwe
Forest, Rwanda).

External morphology: Grauer’s Puddle Frog is a small species; SVL of males up to
23 mm, SVL of females up to 28 mm [115, Dehling unpublished). Dorsum smooth with
conspicuous dermal ridge on each side from eye to scapula region. Canthus rostralis
and supratympanic fold well developed. Feet large with little webbing. Coloration in
life: Dorsum grey to light brown with dark speckling, sometimes with a broad, yellowish
vertebral stripe. Venter white with brown marbling anteriorly, orange in the posterior part.
Legs dark orange to red.

Advertisement call: The call has been described as “tink-tink” or clicking [4]. It is
similar to the call of P. bequaerti but at a lower frequency. A quantitative call analysis is not
available.

Distribution: The species is endemic to the Albertine Rift, occurring in eastern DR
Congo, Rwanda, Uganda, and western Kenya at elevations of 1200-3031 m [23,79]. Al-
titudinal range and province records in Rwanda: 2379-3031 m; Western and Northern
Provinces.

Habitat preference and ecology: Terrestrial. The species inhabits swamps in montane
forest and breeds in shallow ponds and puddles.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pop-
ulation trend unknown. Proposed category for the National Red List: Near Threatened,
because of the limited geographic distribution in the two protected areas (Volcanoes Na-
tional Park, Nyungwe National Park).

3.1.36. Phrynobatrachus kakamikro Schick, Zimkus, Channing, Kohler & Lotters, 2010
(Figures 10G and 11C)

Original name and description: Phrynobatrachus kakamikro—S. Schick, B. M. Zimkus,
A. Channing, ]. Kéhler & S. Lotters (2010). Salamandra, 46: 24-36 [p. 29].

Type locality: “a temporary puddle at the border of the Kakamega Forest (00°21' N,
34°51" E; 1650 m a.s.l.), Western Province, Kenya”.

External morphology: The Kakamega Puddle Frog is among the smallest species of
Phrynobatrachus. Sexual size dimorphism present, SVL of males up to 16.2 mm, SVL of
females up to 19.0 mm [146]. Fingertips expanded, not forming discs, tympanum not
visible. Coloration in life: Dorsum light brown, greyish brown to olive-brown with darker
markings, sometimes with a yellowish vertebral stripe. Legs with darker cross bars. Venter
whitish, throat of males greyish, chest often with darker mottling.

Advertisement call: The call is a buzz followed by a single click. The pulsed call
has a duration of 400-620 ms (average: 540 ms) and consists of 15-28 pulses (average:
22.3). Intercall interval varies between 754 and 1301 ms (depending on temperature or
social interactions with conspecifics). Pulse duration is 3-10 ms (average: 7 ms), interpulse
interval is 5-12 ms (average: 9 ms). Pulse rate averages 62 pulses/s. Dominant frequent
averages 3809 Hz (34884306 Hz). The call has been described elsewhere in detail [76,146].

Distribution: The species has been reported from western Kenya and Rwanda at
elevations of 962-1807 m. It is expected to occur in southeastern Uganda and northwestern
Tanzania. Altitudinal range and province records in Rwanda: 962-1807 m; all five provinces.

Habitat preference and ecology: Terrestrial. Inhabitats wetlands and the shore area
of lakes. Tolerant to human habitat alteration, it is one of the most common species
of cultivated wetlands and flooded grassland. The species breeds in temporary ponds,
puddles, ditches, and densely vegetated lake shores.

Conservation status and population trend: IUCN Red List: Data Deficient [7]. Pop-
ulation trend unknown. Proposed category for the National Red List: Least Concern,
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because it occurs abundantly in both protected natural habitats (Akagera National Park)
and cultivated areas throughout the country.

3.1.37. Phrynobatrachus natalensis (Smith, 1849) (Figures 10H and 11D)

Original name and description: Stenorhynchus natalensis—A. Smith (1849). Illustra-
tions of the Zoology of South Africa; consisting chiefly of figures and descriptions of the
objects of natural history collected during an expedition into the interior of South Africa,
in the years 1834, 1835, and 1836; fitted out by “The Cape of Good Hope Association for
exploring Central Africa”. Reptilia. Appendix: 1-28 [p. 24].

Type locality: “The country around Port Natal” (=Durban, KwaZulu-Natal, South
Africa).

Taxonomic remark: The taxon is a complex of several species [70]. Two distinct species
of the complex occur in Rwanda.

External morphology: The Natal Puddle Frog is medium-sized to large species of
Phrynobatrachus. Sexual size dimorphism weakly expressed; SVL of males up to 36 mm;
SVL of females up to 38 mm [4,6]. Reproductive males with dark grey throat, throat of
females whitish with darker spots. Fingertips slightly swollen but not expanded to discs.
Dorsal skin with several large warts. Coloration in life variable. Dorsum light brown,
greyish brown, light or dark grey, creme or even greenish with few small darker markings,
sometimes with a yellowish vertebral stripe or band. Legs with darker cross bars. Venter
whitish to light grey.

Advertisement call: The call is a slow loud snore. It is very loud and audible at
distances of several hundred metres. The pulsed call has a duration of 501-821 ms (average:
632 ms) and consists of 34-58 pulses (average: 42) (Figure 11D). Pulse duration is 6-10
ms (average: 8 ms), interpulse interval is 4-9 ms (average: 7 ms). Pulse rate averages 67
pulses/s (range: 56-80). The dominant frequent averages 1490 Hz (range: 1292-1840 Hz).
The call has been described elsewhere in detail [76].

Distribution: The nominal species is widely distributed in sub-Saharan Africa from
Senegal to Eritrea and to northern Namibia and eastern South Africa in the south, from
sea level to about 2000 m; absent from the wetter parts of West and Central Africa and the
driest regions at the horn of Africa and in the southwestern deserts. Altitudinal range and
province records in Rwanda: 1287-1785 m; all five provinces.

Habitat preference and ecology: Terrestrial. Inhabits arid and humid savanna, culti-
vated wetlands and agricultural areas. The species breeds in temporary ponds, puddles,
and ditches. Adults are active during both day and night, but calling is largely restricted to
night time and after heavy rain also during the day.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend stable. Proposed category for the National Red List: Least Concern, because
the species occurs abundantly in farmland throughout the country as well in a protected
area (Akagera National Park).

3.1.38. Phrynobatrachus sp. A

Taxonomic remark: One of two species of the natalensis group in Rwanda (see Sec-
tion 3.1.37), a medium-sized species of Phrynobatrachus. It differs in morphological charac-
ters, advertisement call, and 16S rRNA sequence from the other Phrynobatrachus species
from Rwanda. The taxonomic status of the species will be addressed elsewhere.

Distribution in Rwanda: So far, only known from the Western Province.

Conservation status and population trend: IUCN Red List: Not evaluated [7]. Popu-
lation trend and local abundance unknown. Proposed national conservation status: Data
Deficient.
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Figure 12. Rwandan species of Phrynobatrachidae (A) Phrynobatrachus parvulus, Saruhembe, Eastern
Province (photo: ].M.D.), (B) Phrynobatrachus scheffleri, Akagera NP (photo: ].M.D.), (C) Phrynobatra-
chus versicolor, Nyungwe NP (photo: ].M.D.); and Pipidae (D) Xenopus muelleri, Bugarama (photo:
JM.D.), (E) Xenopus victorianus, Huye (photo: J.M.D.), (F) Xenopus wittei, Nyungwe NP (photo:
JM.D.).

3.1.39. Phrynobatrachus parvulus (Boulenger, 1905) (Figures 11E and 12A)

Original name and description: Arthroleptis parvulus—G. A. Boulenger (1905). The
Annals and Magazine of Natural History including Zoology, Botany, and Geology, Seventh
Series, 16: 105-115 [p. 109].

Type locality: “Bange Ngola” [“Jinga country, Loanda province”] (nowadays Bange
Angola, 8°26'17” S, 16°40'11” E, Malanje Province, Angola.

External morphology: The Little Puddle Frog is a small species of Phrynobatrachus.
Sexual size dimorphism present, males up to 16 mm SVL, rarely reaching 20 mm, females
up to 25 mm SVL [4,6,147]. Reproductive males with black throat and a flattened gland on
the upper leg. Fingertips not expanded; tympanum usually not visible. Coloration in life:
Dorsum light brown, greenish brown or dark grey, often with a yellowish vertebral stripe.
Usually, a white stripe is present along the side of the head from the level of the eyes to the
back edge of the jaw. Back of the thigh has a lighter band, legs with dark crossbars. Venter
whitish, sometimes marked with black pattern, female throat speckled dark brown.

Advertisement call: The call is a long, buzzy, cricket-like trill, which is modified
within a call series [4,6]. Call series start with a long call (duration up to 1064 ms) including
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>10 notes (duration: 32—49 ms), each one a group of 3—4 pulses with inter-pulse-group
intervals of 14-28 ms. The call ends with a single loud pulse (duration: 27 ms) (Figure 11E).
In the following calls, the number of notes is successively reduced from two to zero. The
end of a call series consists of up to four spaced single pulses. Dominant frequency of the
pulse groups averages 4287 Hz, that of the terminal single pulses 4416 Hz. A spectrogram
of a call from South Africa has been depicted elsewhere [107].

Distribution: The species occurs from Angola to Rwanda and Burundi, and to south-
ern Tanzania, Malawi, and northeastern Zimbabwe at elevations of 900-2400 m. Altitudinal
range and province records in Rwanda: 1292-1839 m; Western and Eastern Provinces. Erro-
neously reported from higher elevations in Volcanoes National Park based on misidentified
P. graueri by [129,130].

Habitat preference and ecology: Terrestrial. Inhabits humid savannas and grasslands,
montane grasslands, sometimes at the edge of forests, cultivated wetlands, and agricultural
areas. Tolerant to human disturbance. Breeding habitat: grassy pools, puddles, marshes.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Least Concern, because
it occurs adundantly in near-natural and cultivated wetlands.

3.1.40. Phrynobatrachus scheffleri (Nieden, 1911) (Figures 11F and 12B)

Original name and description: Arthroleptis scheffleri—F. Nieden (1911 “1910”).
Sitzungsberichte der Gesellschaft Naturforschender Freunde zu Berlin 1910: 436—441 [p.
438].

Type locality: “bei Kibwesi in Britisch-Ostafrika” (="near Kibwezi”, Makueni County,
Kenya); “Nairobi”, Nairobi County, Kenya; “Zanzibar”, Tanzania; “Mpapua” (=Mpwapwa,
Dodoma Region, Tanzania).

External morphology: Scheffler’s Puddle Frog is a tiny species of Phrynobatrachus.
Sexual size dimorphism absent, SVL of males averages 12.9 mm (range: 10.0-16.4 mm),
SVL of males 15.1 mm (range: 13.0-19.1 mm) [6,146]. Dorsum with green rounded warts,
two distinct pairs of large scapular warts. Toes webbed only at the bases. Coloration in life:
Dorsum light to reddish brown with some darker markings. Top of the head in front of
the eyes lighter, separated from dorsal colouration behind the eyes by a dark interorbital
triangle. Legs with dark crossbars. Venter whitish with dark markings. Reproductive males
with yellow or grey throat.

Advertisement call: The call is a long trill. The call has a duration of 310-2514 ms
and consists of 17-108 pulses (Figure 11F). Pulse duration is 3-5 ms (average: 4 ms),
interpulse interval is 39-160 ms (average: 44 ms). Pulse rate averages 42 pulses/s. The
dominantfrequency ranges between 4100 Hz and 5006 Hz). The call of a Kenyan specimen
has been described elsewhere in detail [146].

Distribution: The species occurs in Kenya, Rwanda, Tanzania, and Uganda at eleva-
tions from sea level to 1800 m. Altitudinal range and province records in Rwanda: a single
locality at 1290 m; Eastern Province.

Habitat preference and ecology: Terrestrial. In herbaceous vegetation, leaf litter,
rocks, or mud in moist grasslands and forest clearings. Tolerant to human disturbance.
In Rwanda, only known from wooded savanna. The species breeds in the shallow shore
regions of lakes, rivers, streams and pools; in Rwanda in water-filled depressions in
grassland.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Data Deficient. The
species occurs in Akagera National Park.

3.1.41. Phrynobatrachus versicolor Ahl, 1924 (Figures 11G and 12C)

Original name and description: Phrynobatrachus versicolor—E. Ahl (1924). Zoologis-
cher Anzeiger, 61: 99-103 [p. 100].
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Type locality: “Rugegewald, 2500 m” (="Rugege Forest”, in the northeastern part of
Nyungwe Forest, Rwanda).

External morphology: The Variable Puddle Frog is a medium-sized species of Phryno-
batrachus. Sexual size dimorphism present, males up to 28.4 mm SVL, females up to 34
mm SVL [4,6]. Dorsum smooth with few scattered tubercles. A prominent longitudinal
dorsolateral dermal ridge on both sides of the trunk. Fingertips expanded to small discs,
tympanum clearly visible. Breeding males with numerous pointed tubercles on back and
legs. Coloration in life: Dorsum brown to greenish, sometimes with a vertebral stripe.
Some individuals have a thin yellowish vertebral stripe. Legs with dark cross bars. Venter
whitish with black marbling.

Advertisement call: The call is rapid series of 3-5 trills [4,6]. The pulsed call is usually
emitted singly and has a duration of 549 ms (range: 479-705 ms). The first note is a pulse
group consisting of 8-14 (average: 11) pulses and is considerably longer (range: 119-223
ms) than the following notes (Figure 11G). These notes consist of 3-5 (average: 4) pulses
and last 48-83 (average: 64) ms. The inter-pulse-group intervals are 40-50 ms. The power
spectrum shows two harmonics with almost the same intensity: the lower band ranges
between 750 Hz and 950 Hz, the upper one between 1550 and 1850 Hz.

Distribution: The species is endemic to the Albertine Rift, occurring in Burundi, DR
Congo, Rwanda, and Uganda at elevations of 1500-2379 m. Altitudinal range and province
records in Rwanda: 1961-2379 m, in Volcanoes, Gishwati-Mukura, and Nyungwe National
Parks; Northern, Western, and Southern Provinces.

Habitat preference and ecology: Semi-aquatic. Inhabits swamps and wetlands in
montane forests. The species breeds in swamp pools. Males call from vegetation submerged
in water.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pop-
ulation trend decreasing, locally abundant. Proposed category for the National Red List:
Near Threatened, because of the limited geographic distribution in the country.

3.1.42. Phrynobatrachus sp. B

Taxonomic remark: A medium-sized species of Phrynobatrachus. It differs in morpho-
logical characters, advertisement call, and 165 rRNA sequence from the other Phrynobatra-
chus species from Rwanda. The taxonomic status of the species will be addressed elsewhere
(Dehling et al., in preparation).

Distribution in Rwanda: So far, only known from the Western Province.

Conservation status and population trend: IUCN Red List: Not evaluated [7]. Popu-
lation trend and local abundance unknown. Proposed national conservation status: Data
Deficient.

Pipidae

Four species of the genus Xenopus have been recorded from Rwanda. The presence
of one species (X. vestitus) requires confirmation. External morphology, especially the
dorsal color pattern and the ventral coloration in life, allows for a reliable distinction. The

advertisement call is emitted underwater, and calls differ markedly between the species.
Moreover, the species are genetically well differentiated.

Key to the species of Xenopus of Rwanda based on morphological characters:

1  Dorsum yellowish light brown with distinct large olive blotches............. X. muelleri
1" Dorsum more or less uniformly coloured, without distinct large blotches ............ 20

2 Throat and lateral sides of venter grey to brown, contrasting with whitish central

VEIERT ottt X. vestitus
2/ Throat and lateral sides of venter not differing in colour with rest of venter ........... 3
3  Venter yellow with small black Spots ........cccceeeeicueuvrnniciiccrrene X. victorianus

3’ Venter yellow with small faint black spots, throat and chest whitish .......... X. wittei
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Key to the species of Xenopus of Rwanda based on advertisement call features:

1 Call a single long note, consisting of >20 pulses increasing in amplitude .............. 2
1’ Call containing several distinct short notes, each usually consisting of <15 pulses
of constant amplitude .........ccccevviiiiiiiii 3

2 Dominant frequency at about 2000 Hz; note lasting 0.2 ms to 1.2 s, consisting of
26-114 pulses that are repeated at a rate of 76-116 pulses/s ........c.......... X. vestitus
2’ Dominant frequency at 1300-1500 Hz; note lasting 0.29 ms to more than 3 s, con-
sisting of 9 to more than 100 pulses that are repeated at a rate of 3040 pulses/s

............................................................................................................................... X. wittei
3 Notes consisting of 2-6 pulses, notes repeated at 9/s .......c.cceuevueeece. X. victorianus
3’ Notes consisting of (4)6-12 pulses, repeated at a rate of 1.5-3.4/s .......... X. muelleri

Frequency [kHz]

X. wittei

Frequency [kHz]

0 250 [ms]

Figure 13. Advertisement calls of Pipidae in Rwanda. (A) Xenopus muelleri, (B) Xenopus victorianus,
and (C) Xenopus wittei (call recordings by Ref. [68]). Calls are shown as representative spectrograms
and oscillograms.

3.1.43. Xenopus muelleri (Peters, 1844) (Figures 12D and 13A)

Original name and description: Dactylethra Muelleri—[W. C. H.] Peters (1844). Bericht
tber die zur Bekanntmachung geeigneten Verhandlungen der Koniglich Preussischen
Akademie der Wissenschaften zu Berlin. Aus dem Jahre 1844: 31-37 [p. 37].

Type locality: “Mozambique”. Later restricted to “Cabaceira, Boror, Sena, Tette” by
Ref. [148], and further restricted to “Tete, Zambesi River, Mozambique” by Ref. [149].

External morphology: Miiller’s Clawed Frog is a large species of Xenopus. Pronounced
sexual size dimorphism with SVL of males SVL up to 61 mm, that of females up to 90
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mm [4,6]. Three claws on the foot. Head relatively small; snout rounded. Eyes moderately
large. Subocular tubercle long, two-thirds of eye diameter. Coloration in life: Dorsum
yellowish light brown with several large olive blotches and many smaller olive or dark
brown spots. Venter yellowish brown with few black spots.

Advertisement call: Males produce series of notes with 6-12 (rarely 4) pulses that
are repeated at a rate of 1.5-3.4/s; other vocalisations such as a series of rapidly repeated
double-pulsed notes have been reported [68,150,151].

Distribution: The species is distributed from eastern DR Congo and Rwanda to
southern Kenya, south to northeastern Namibia and eastern South Africa at elevations
from sea level to 2000 m. In Rwanda, only known from the Bugarama region in the extreme
Southwest of the country. Altitudinal range and province records in Rwanda: 962 m;
Western Province.

Habitat preference and lifestyle: Aquatic. Inhabits many kinds of stagnant water
bodies, from small puddles to the shore area of lakes in open habitats including savanna
and farmland. Tolerant to human disturbance.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Least Concern, because
although its distribution in Rwanda is very restricted it ocurs in high numbers in near
natural habitats and farmland.

3.1.44. Xenopus vestitus Laurent, 1972

Original name and description: Xenopus vestitus—R. F. Laurent (1972). Exploration
du Parc National des Virunga. Deuxieme série, 22: 1-125 [p. 9].

Type locality: “riv. Musugereza, pres de Rutshuru, +/—1.250 m, Kivu, Congo”
(="Musugereza River, near Rutshuru, £1250 m, Kivu, Congo” [nowadays North Kivu
Province, DR Congo]).

External morphology: The Jacketed Clawed Frog is a relatively small species of
Xenopus. SVL of males to 47 mm, that of females to 55 mm [152,153]. Three claws on the
foot. Head wedge-shaped or pointed, snout protruding. Eyes relatively small. Subocular
tubercle short, one-third of eye diameter. Coloration in life: Dorsum, throat, and lateral sides
of venter grey to brown with a marbling of light silver-golden to bronze chromatophores [38,
154]. Chest, central part of venter, and ventral side of legs whitish.

Advertisement call: A long note lasting 0.2-1.2 s and consisting of 26-114 pulses of
steadily increasing amplitude repeated at 76-116 pulses/s. The dominant frequency is at
about 2000 Hz [66,150].

Distribution: The species is endemic to the Albertine Rift and distributed from eastern
DR Congo through southwestern Uganda to northeastern Rwanda at elevations of 925-
2100 m. In Rwanda, the species has been reported from two localities; a single specimen
collected at Gabiro by Burgeon in 1932, together with two X. victorianus [152], and two males
recorded at Shama [150]. Altitudinal range and province records in Rwanda: 1377-1772 m;
Eastern Province.

Habitat preference and lifestyle: Aquatic. Inhabits montane forests and grassland.
The species breeds in ponds and other kinds of stagnant water bodies. Tolerant to human
disturbance, it is also found in cultivated areas.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Data Deficient.

3.1.45. Xenopus victorianus Ahl, 1924 (Figures 12E and 13B)

Original name and description: Xenopus victorianus—E. Ahl (1924). Zoologischer
Anzeiger, 60: 269-273 [p. 270].

Type locality: “Bussissi, am Victoria-See” (=“Bussissi, at Lake Victoria”) [nowadays
Busisi, 2°43' S, 32°51’ E], Tanzania.

External morphology: The Lake Victoria Clawed Frog is large species of Xenopus.
Pronounced sexual size dimorphism; SVL of males up to 60 mm, SVL of females up to
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78 mm [4,6,154]. Three claws on the foot. Head large and rounded. Eyes relatively large.
Subocular tubercle short, one-third of eye diameter. Coloration in life: Dorsum yellowish
brown to grey with many small spots and few irregular larger spots. Venter yellow with
small black spots.

Advertisement call: Males produce calls of the click and burst type, which are emitted
underwater [68]. The call is a series of short notes, each lasting 20-50 ms and consisting of
2-6 pulses. The notes are rapidly repeated at a rate of 9/s [4].

Distribution: The species is distributed from southern South Sudan and eastern DR
Congo, throughout Uganda, Rwanda and Burundi, to eastern Kenya and northern and
eastern Tanzania at elevations from sea leavel to about 2700 m. It is the most common
Clawed Frog in Rwanda. The species occurs in Akagera National Park [155]. Altitudinal
range and province records in Rwanda: 1287-1839 m; all five provinces.

Habitat preference and ecology: Aquatic. Inhabits open habitats such as savanna,
natural and cultivated wetlands and farmland. The species breeds in stagnant waterbodies
from puddles to the shore area of lakes, and also in sections of streams with no or low
current. Tolerant to human disturbance, very frequently found in eutrophic fishponds.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Pop-
ulation trend increasing. Proposed category for the National Red List: Least Concern,
because the species occurs abundantly throughout the country in cultivated areas as well
as in natural wetlands including a protected area (Akagera National Park).

3.1.46. Xenopus wittei Tinsley, Kobel & Fischberg, 1979 (Figures 12F and 13C)

Original name and description: Xenopus wittei—R. C. Tinsley, H. R. Kobel & M.
Fischberg (1979). Journal of Zoology 188: 69-102 [p. 73].

Type locality: “Chelima Forest (waterhole alongside Kabale—Rutenga road), Kigezi
District, S.W. Uganda; alt. 2200 m. 1°04’ S, 29°55’ E”.

External morphology: de Witte’s Clawed Frog is medium-sized species of Xenopus.
Moderate sexual size dimorphism, SVL of males up to 50 mm, SVL of females up to 61
mm [4,153,154].

Three claws on the foot. Head relatively wide and snout rounded. Eyes large. Subocu-
lar tubercle short, one-third of eye diameter. Coloration in life: Dorsum uniformly greyish
to yellowish brown. Venter yellow with small faint black spots, throat and chest whitish.

Advertisement call: Males produce calls of the trill type, which are emitted underwa-
ter [68]. The call consists of a single note that lasts from 0.29 s to more than 3 s and consists of
9 to more than 100 pulses that are repeated at a rate of 30—40/s and initially slowly increase
in amplitude but are repeatedly and regularly downward- and again upward-modulated
in the second half of longer calls; the dominant frequency is at 1300-1500 Hz [66,150].

Distribution: The species is endemic to the Albertine Rift and occurs in eastern DR
Congo, southwestern Uganda, Rwanda, and Burundi at elevations 1200-2379 m Altitudinal
range and province records in Rwanda: 1936-2379 m; Northern, Western, and Southern
Provinces.

Habitat preference and ecology: Aquatic. Inhabits montane swamps and lakes within
forest, grasslands, and cultivated wetlands. Tolerant to human disturbance. The species
breeds in bodies of standing water from large puddles to ponds and lakes.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Least Concern, because
the species occurs in high numbers in both protected areas (Volcanoes, Gishwati-Mukura,
and Nyungwe National Parks) and cultivated wetlands and farmland.

Ptychadenidae

Nine species of the genus Ptychadena have been recorded so far in Rwanda. The
identity and taxonomic status of two species recorded recently during the preparation
of the manuscript will be addressed elsewhere (Dehling, in preparation). We only treat
in detail herein the seven other species. These can be distinguished based on external
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morphological characters as well as characteristics of their advertisement calls [87]. All
taxa are well differentiated in the sequence of the mitochondrial 165 gene.

Key to the species of Ptychadena of Rwanda based on morphological characters:

1
1/

2
2/

3/

4/

5/

6

6/

Median dorsal ridge reaching onto snout ...........cccccevvviiivniinninnnn. P. uzungwensis
Median dorsal ridge not reaching beyond level of eyes ..........c.ccccoooervirriiiiiinrncnnnen, 2

Webbing on Toe IV reaching to distal subarticular tubercle or beyond ................... 3
Webbing on Toe IV reaching to penultimate subarticular tubercle or slightly beyond

SVL of adult males > 49 mm, of adult females 58.0 mm, internarial distance less than
distance from nostril to tip of snout, postaxial side of thigh with yellow mottling
.................................................................................................................... P. oxyrhynchus
SVL of adult males < 44 mm, of adult females < 52 mm, internarial distance equal
to distance from nostril to tip of snout, postaxial side of thigh with reticulated longi-
tudinal yellow bands ..o P. anchietae

Postaxial side of thighs with yellow spots, inner metatarsal tubercle large, more
than half the length of metatarsus of first toe .........cccccoovvevveninnnnen. P. porosissima
Postaxial side of thighs with bright longitudinal bands, inner metatarsal tubercle
small, less than half the length of metatarsus of first toe .........c.cccooeeveieieiin. 5

Ventral side of head white, sometimes with grey mottling, webbing reaching
beyond distal subarticular tubercle on first toe and on postaxial side of fourth toe,
vocal sac aperture in males SUPETIOr ..o P. nilotica
Ventral side of head yellow, webbing not reaching beyond distal subarticular
tubercle on first toe and on postaxial side of fourth toe, vocal sac aperture in males
INFETIOT .o 6

SVL of adult males > 37.7 mm, of adult females 48.0-57.7 mm, postaxial side of

thighs with irregularly shaped bright bands ..........cccccccccennnnn. P. chrysogaster
SVL of adult males < 37.6 mm, of adult females 43.6-49.0 mm, postaxial side of
thighs with sharply defined stripes ..........ccccooviviiiiiiiiiic P. guibei

Key to the species of Ptychadena of Rwanda based on advertisement call features:

1
1/

2

2/

3/

4/

5/

Call with three NOES .......ccucuiuiuiiiiicc e 2
Call with a SINGIE NOLE .....c.cuiiieiiiiicic e 3

Amplitude of notes increases from the first to the third, dominant frequency > 4000
HZ o s P. guibei
Amplitude of notes remains at the same level, dominant frequency < 2500 Hz
................................................................................................................... P. chrysogaster

Pulse repetition rate <25 .......cccccoviiiiiiiii e P. oxyrhynchus
Pulse repetition rate > 36 ..o 4
Fundamental frequency <800 Hz .........cccceuvuiiiiiniiiininiiiicinccce, P. nilotica
Fundamental frequency > 1100 HZ .......ccccooeuiiiiiiiiiniicencceeeeceeneeccenenes 5
Call without marked frequency modulation, repeated at high rate (>150/m) in long
series, pulse repetition rate > 95/5 .......ccccevvririiiiiiiiii, P. uzungwensis
Call with marked dominant-frequency modulation, cricket-like, repeated at lower
rate (<120/m), pulse repetition rate < 85/5 ......cocceureriereureicireniieereiereee s 6

Pulses widely separated, interpulse interval 13.2 [7-20] ms, fundamental frequency
> 1800 Hz, dominant frequency usually <3600 [2971-3724] Hz ................ P. anchietae
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6’ Pulses not widely separated, interpulse interval 5.5 [3-8] ms, fundamental fre-
quency < 1700 Hz, dominant frequency usually >3700 [3617-4306] Hz ......................
P. porosissima

Figure 14. Rwandan species of Ptychadenidae (A) Ptychadena anchietae, Huye (photo: J.M.D.), (B)
Ptychadena chrysogaster, Rugezi Wetland (photo: ].M.D.), (C) Ptychadena guibei, Bugarama (photo:
Mapendo Mindje), (D) Ptychadena nilotica, Mugesera Wetland (photo: J.M.D.), (E) Ptychadena
oxyrhynchus, Akagera NP (photo: J.M.D.), (F) Ptychadena porosissima, Huye (photo: J.M.D.), (G)
Ptychadena uzungwensis, Huye (photo: ].M.D.); and Pyxicephalidae, (H) Cacosternum plimptoni, Ak-
agera NP (photo: ] M.D.).
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Figure 15. Advertisement calls of Ptychadenidae in Rwanda. (A) Ptychadena anchietae, (B) Pty-
chadena chrysogaster, (C) Ptychadena guibei, (D) Ptychadena nilotica, (E) Ptychadena oxyrhynchus, (F)
Ptychadena porosissima, (G) Ptychadena uzungwensis. Calls are shown as representative spectrograms
and oscillograms.
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3.1.47. Ptychadena anchietae (Bocage, 1867) (Figures 14A and 15A)

Original name and description: Rana anchietae—]. V. B. du Bocage (1867). Proceedings
of the scientific meetings of the Zoological Society of London for the year 1867: 843-846 [p.
843].

Type locality: “Benguella”, (=Benguela, Benguela Province, Angola).

External morphology: Anchieta’s Ridged Frog is a medium-sized species of Pty-
chadena. Pronounced sexual size dimorphism, SVL 38.0-42.4 mm in adult males, 46.7-51.3
mm in adult females [4,88-90]. Vocal sac aperture in males inferior; internarial distance
equal to distance from nostril to tip of snout; inner metatarsal tubercle about half the length
of metatarsus I; toe webbing 10.5/2110.5/2I110.5,1/2IV2-/0.5V; reproductive males lack
spines on venter. Coloration in life: Ventral side of head white, of trunk yellow; dark
brown stripe on preaxial side of tibia absent; light tibial line absent; light medial dorsal
band absent; light, prominent dorsolateral fold usually absent; postaxial side of femur with
irregularly delimited, reticulated, longitudinal bands, alternately yellow and dark brown
coloured.

Advertisement call: The call is a high-pitched short trill emitted in short series [4,88].
The pulsed call has a duration of 110-278 ms (average: 203 ms) and consists of 7-14 pulses
(average: 11) (Figure 15A). Intercall interval varies between 274 and 3072 ms (depending
on temperature or social interactions with conspecifics). Pulse duration is 8-13 ms (average:
11 ms), interpulse interval is 3-8 ms (average: 6 ms). Pulse rate averages 54 pulses/s. The
power spectrum shows two harmonics with almost the same intensity, the lower band
ranges between 1480 and 1691 Hz, the upper one between 2971 and 3724 Hz. The call has
been described in detail and spectrograms of the call have been depicted elsewhere [88,90,
107].

Distribution: The species is distributed from Angola to eastern DR Congo, South
Sudana and Eritrea, south to Namibia and South Africa at elevations from near sea level
to up to 2143 m. Altitudinal range and province records in Rwanda: 1287-2143 m; all five
provinces.

Habitat preference and ecology: Terrestrial. Inhabits savanna, grassland, natural and
cultivated wetlands, clearings in forests, and farmland. The species breeds in temporary
ponds and puddles in savanna and in ditches, puddles, ruts, and rice fields in farmland.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Least Concern, because
of its occurrence in high numbers in both a protected area (Akagera National Park) and in
agricultural wetlands (marais) throughout the country.

3.1.48. Ptychadena chrysogaster Laurent, 1954 (Figures 14B and 15B)

Original name and description: Ptychadena chrysogaster—R. Laurent (1954). Annales
du Musée Royal du Congo Belge. Sciences Zoologiques, 34: 1-34 [p. 18].

Type locality: “Lac Karago, 2.250 m., Terr. de Kisenyi, Ruanda” (=“Lake Karago, 2250
m, Gisenyi Territory, Rwanda”).

External morphology: The Yellow-bellied Ridged Frog is a medium-sized species of
Ptychadena. Pronounced sexual size dimorphism, SVL of males 37.8-49.7 mm (average:
43.3 mm), SVL of males 48.0-57.7 mm (average: 53.7 mm) [4,6,89,90]. Vocal sac aperture
in males is inferior; inner metatarsal tubercle less than half the length of metatarsus I; toe
webbing 12/2.5111.5,1.75/31112,2-/3.25,3+1V3/1.5,2V; reproductive males have smooth skin
covered with minute spines. Coloration in life: Ventral side of head and trunk yellow; dark
brown stripe on preaxial side of tibia, continuous or almost continuous; light tibial line
usually present, rarely absent; light medial dorsal band usually present, rarely absent; light,
prominent dorsolateral fold present; postaxial side of femur with irregularly delimited,
reticulated, longitudinal dark bands on greenish-yellow background.

Advertisement call: The call consists of three pulsed notes. The complete call has a
duration of 164-189 ms (average: 177 ms). The intercall interval varies between 796 and
2558 ms (depending on temperature or social interactions with conspecifics). The note
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structure is uniform, with a duration of 3045 ms (average: 37 ms), 3—6 pulses per note
(average: 5), and an internote interval of 27-34 ms (average: 29 ms) (Figure 15B). Pulse
duration is 4-5 ms (average: 5 ms), interpulse interval is 0-3 ms (average: 2 ms). Pulse rate
averages 82 pulses/s. The fundamental frequency is at 1136-1195 Hz and the dominant
frequency at 2368-2411 Hz [90].

Distribution: The species is endemic to the Albertine Rift and is distributed from
eastern DR Congo and southwestern Uganda to western Rwanda and Burundi at elevations
of 1200-2600 m. Altitudinal range and province records in Rwanda: 1650-2600 m; formerly
widely distributed in Northern, Western, Eastern, and Southern Provinces, but the species
has lost much of its former range in Rwanda [89]. Recently recorded from scattered localities
in Northern, Western, and Southern Provinces.

Habitat preference and ecology: Terrestrial. Inhabits montane wetlands at the edge
of forest. The species does not survive in intensively cultivated areas. Breeding occurs in
ponds, puddles, and seasonally flooded meadows.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Endangered, because
of a massive population decline during the last 60 years [89]. The species has lost most of
its former range in Rwanda and is now restricted to few scattered and isolated localities
that are threatened with habitat alteration. Recorded from Volcanoes National Park and
from the edges of Gishwati-Mukura and Nyungwe National Parks.

3.1.49. Ptychadena guibei Laurent, 1954 (Figures 14C and 15C)

Original name and description: Ptychadena chrysogaster guibei—R. Laurent (1954).
Annales du Musée Royal du Congo Belge. Sciences Zoologiques, 34: 1-34 [p. 23].

Type locality: “Muita, Luembe E, Angola” (=Muita, 7.48° S, 21.27° E, 800 m [35];
Lunda Norte Province, Angola).

External morphology: Guibe’s Ridged Frog is a medium-sized species of Ptychadena.
Pronounced sexual size dimorphism, SVL 35.5-37.5 mm in adult males, 43.6-49.0 mm in
adult females [90,107,156]. Vocal sac aperture in males inferior; inner metatarsal tuber-
cle less than half the length of metatarsus I; toe webbing 12/2.5111.5,1.75/2.75,3,3.251112-
,2/3IV3/1.5,1.75V; reproductive males have smooth skin covered with very small spines.
Coloration in life: Ventral side of head and trunk yellow; series of dark brown blotches
on preaxial side of tibia; light tibial line usually present, rarely absent; light medial dorsal
band present; light, prominent dorsolateral fold present; postaxial side of femur with three
sharply delimited longitudinal, bright greenish yellow stripes on dark brown to blackish
background.

Advertisement call: The call consists of three pulsed notes. The complete call has a
duration of 52-128 (average: 124 ms). The intercall interval varies between 399 and 1027
ms (depending on temperature or social interactions with conspecifics). Note duration
increases from first (average 22.6 ms) to third note (35.6 ms), alongside an increase in
number of contained pulses (4-5 in the first note, 10-12 in the third note) (Figure 15C).
Internote interval of 11-13 ms. Pulse duration is 2-5 ms (average: 3 ms). Pulse repetition
rate within a note averages 300 pulses/s. The fundamental frequency is at 1828-2296 Hz
and the dominant frequency is at 4284-4970 Hz [90].

Distribution: The species is distributed from Angola to northern Zambia and northern
Mozambique at elevations from near sea level to about 1400 m. It was recently recorded
from Rwanda where it is known from a single locality [90]. Altitudinal range and province
records in Rwanda: 962 m; Western Province.

Habitat preference and lifestyle: Terrestrial. Inhabits savanna and other grassland,
also in cultivated wetlands and farmland. The species breeds in stagnant water bodies
including puddles, ditches, rice fields, and ponds.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Data Deficient.
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3.1.50. Ptychadena nilotica (Seetzen, 1855) (Figures 14D and 15D)

Original name and description: Rana nilotica—U. ]. Seetzen (1855). Reisen durch
Syrien, Paldstina, Phonicien, die Transjordan-Lander, Arabia Petraea und Unter-Aegypten.
Dritter Band [p. 490].

Type locality: “Kahira” (=Cairo, Egypt).

External morphology: The Nile Ridged Frog is a large species of Ptychadena. Pro-
nounced sexual size dimorphism, SVL 37.2-45.2 mm adult in males, 45.6-53.1 mm in adult
females [88-90]. Vocal sac aperture in males superior; inner metatarsal tubercle less than half
the length of metatarsus I; toe webbing 11.5,1.75/2,2.25111.5/2.75,31111.75,2/31V2.75/1,1.5V;
reproductive males lack ventral spines. Coloration in life: Ventral side of head white,
mottled with grey; abdomen yellow; dark brown stripe on preaxial side of tibia absent in
most specimens, few with dark mottling, not forming continuous stripe; light tibial line
present or absent; light medial dorsal band present or absent; light, prominent dorsolateral
fold present; postaxial side of femur with relatively sharply delimited longitudinal bands,
alternately yellow and black coloured.

Advertisement call: The call consists of a single pulsed note, emitted in series. It
has a duration of 72-281 ms (average: 163 ms) and consists of 8-26 pulses (average: 16)
(Figure 15D). Intercall interval varies between 95 and 2504 ms (depending on temperature or
social interactions with conspecifics). Pulse duration is 3-7 ms (average: 5 ms), interpulse
interval is 2-6 ms (average: 4 ms). Pulse rate averages 96 pulses/s. The fundamental
frequency is at 599-754 Hz, and the dominant frequency at 17222712 Hz. The call has been
described in detail and a spectrogram of the call has been presented elsewhere [76,88,90].

Distribution: The species is distriubuted from the mouth of the Nile River at Cairo
along the Nile to Rwanda and Burundi and to eastern DR Congo, Kenya, Tanzania, and
western Zambia at elevations from near sea level up to 2143 m. Altitudinal range and
province records in Rwanda: 962-2143 m; all five provinces.

Habitat preference and ecology: Terrestrial. Inhabits natural wetlands along the Nile
River including the lake system of the Akagera. Tolerant to human disturbance and one of
the most common species in cultivated wetlands, rice fields, and grassland with secondary
tall herbaceous vegetation near permanent water bodies. The species breeds in still and
slow-flowing water bodies, e.g., puddles, ditches, ponds, rice fields, and densely vegetated
shore areas of lakes.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend stable. Proposed category for the National Red List: Least Concern, because of
its occurrence in high numbers in both a protected area (Akagera National Park) and in
agricultural wetlands (marais) throughout the country.

3.1.51. Ptychadena oxyrhynchus (Smith, 1849) (Figures 14E and 15E)

Original name and description: Rana oxyrhynchus—A. Smith (1849). Illustrations of
the Zoology of South Africa; consisting chiefly of figures and descriptions of the objects
of natural history collected during an expedition into the interior of South Africa, in the
years 1834, 1835, and 1836; fitted out by “The Cape of Good Hope Association for exploring
Central Africa”. Reptilia. [Part 28: Plate 77, 2-2c].

Type locality: “Kaffir Land and the country about Port Natal” (=Eastern Cape Province
and region of Durban, South Africa).

External morphology: The Sharp-nosed Ridged Frog is one of the largest species of
Ptychadena. Pronounced sexual size dimorphism, SVL 49.2-52.7 mm in adult males, 58.0 mm
in adult females [4,6,90,107]. Vocal sac aperture in males inferior; inner metatarsal tubercle
about half the length of metatarsus I; toe webbing 10.5,1/1.75,2-110.5/2+,2.251110.5 /2.251 V2-
,2/0,0.5V; reproductive males lack ventral spines. Coloration in life: Ventral side of head
white, ventral side of trunk yellow; dark brown stripe on preaxial side of tibia absent; light
tibial line absent; light medial dorsal band absent; light prominent dorsolateral fold absent,
but postpalpebral fold white and prominent in its posterior fourth; postaxial side of femur
with irregularly reticulated mottling.
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Advertisement call: The call is a moderately low-pitched trill, consists of a single
pulse group [4,90,107]. It is usually emitted in series comprising 10 to 19 calls, separated
by intervals of 602-1801 ms. Series start with a call consisting of 5-6 pulses and having
a slightly lower amplitude than the following calls. At the end of a series, calls contain
up to 10 pulses. Pulse repetition rate is 17-23/s. Pulse amplitudes within a call increase
from the first pulse to reach its maximum in the central pulses and decreases again at the
last two pulses (Figure 15D). Correspondingly, the dominant frequency increases from the
first pulse to the central pulses and slightly decreases at the last pulses. The fundamental
frequency is the dominant frequency, at 1722-2712 Hz.

Distribution: The species is widely distributed in sub-Saharan Africa, from Senegal
to Kenya, south to southern Republic of the Congo and eastern South Africa at elevations
from near sea level to about 2000 m. Altitudinal range and province records in Rwanda:
1326—ca. 1700 m; Eastern Province.

Habitat preference and ecology: Terrestrial. Inhabits dry and moist savanna and
other grasslands. The species breeds in small permantent and temporary ponds.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend stable. Proposed category for the National Red List: Least Concern, because of
its frequent occurrence in a protected area (Akagera National Park).

3.1.52. Ptychadena porosissima (Steindachner, 1867) (Figures 14F and 15F)

Original name and description: Rana porosissima—F. Steindachner (1867). Reise der
Osterreichischen Fregatte Novara um die Erde in den Jahren 1857, 1858, 1859 unter den
Befehlen des Commodore B. von Wiillerstorf-Urbair. Zoologischer Theil. Erster Band.
Amphibien. 70 pp, 5 plates [p. 18, Plate 9, Figures 9-13].

Type locality: “Angola”.

External morphology: The Striped Ridged Frog is a medium-sized species of Ptychadena.
Pronounced sexual size dimorphism, SVL 37.344.5 mm in adult males, 39.0-52.1 mm in adult
females [4,6,88-90]. Vocal sac aperture in males inferior; inner metatarsal tubercle more than
half the length of metatarsus I; toe webbing 11.75,2/2.25111.5/31111.75/3,3.25IV3/1,1.5V;
reproductive males with many large ventral spines. Coloration in life: Ventral side of head
and trunk yellow; dark brown stripe on preaxial side of tibia absent; light tibial line present;
light medial dorsal band present or absent; light, prominent dorsolateral fold present;
postaxial side of femur with yellow spots diffusely arranged in longitudinal rows on dark
brown background.

Advertisement call: The call is a high-pitched trill emitted in series [4,88]. The pulsed
call has a duration of 100-262 ms (average: 188 ms) and consists of 5-13 pulses (average: 10)
(Figure 15F). Intercall interval varies between 116 and 996 ms (depending on temperature or
social interactions with conspecifics). Pulse duration is 3-12 ms (average: 6 ms), interpulse
interval is 720 ms (average: 13 ms). Pulse rate averages 53 pulses/s. The fundamental fre-
quency is at 1808-2067 Hz and contains almost as much energy as the dominant frequency
at 36174306 Hz. The call has been described in detail and a spectrogram of the call has
been presented elsewhere [88,90,107].

Distribution: The species is distributed from Angola to Uganda and Kenya, and south
to Zimbabwe and eastern South Africa at elevations of 1200-1900 m. Altitudinal range and
province records in Rwanda: 1292-1807 m; Kigali, Eastern, and Southern Provinces.

Habitat preference and ecology: Terrestrial. Inhabits high-altitude swamps, moist
grassland, and savanna. Tolerant to human disturbance, commonly found in cultivated
wetlands. The species breeds in ponds, ditches, and rice fields.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Least Concern, because
of its occurrence in high numbers in agricultural wetlands (marais) throughout the country.
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3.1.53. Ptychadena uzungwensis (Loveridge, 1932) (Figures 14G and 15G)

Original name and description: Rana mascareniensis uzungwensis—A. Loveridge
(1932). Bulletin of the Museum of Comparative Zoology at Harvard College, 72: 375-
387 [p. 384].

Type locality: “Dabaga, Uzungwe Mountains, Tanganyika Territory” (=Dabaga, Iringa
Region, Tanzania).

External morphology: The Udzungwa Ridged Frog is a small species of Ptychadena.
Pronounced sexual size dimorphism, SVL 33.3-35.7 mm in adult males, 43.3 mm in adult fe-
males [4,6,89,90]. Vocal sac aperture in males semi-inferior; inner metatarsal tubercle about
half the length of metatarsus I; toe webbing 12/2.25,2.5111.5/3-1111.75,2- /3IV3/1+,1.25V;
reproductive males have very small ventral spines. Coloration in life: Ventral side of head
and abdomen yellow, breast yellowish white ventrally; dark brown stripe on preaxial
side of tibia absent; light tibial line absent; light medial dorsal band present; light, promi-
nent dorsolateral fold present; postaxial side of femur with two faint, longitudinal yellow
bands, widened to irregularly delimited yellow blotches distally, on greyish dark brown
background.

Advertisement call: The call is a moderately high-pitched trill, repeated in longer
series that sound to the human ear like stuttered baaing [4,90]. A call series consists
typically of up to 40 calls, repeated at a rate of 94-190/min. The single call lasts 154-585
(average: 310) ms and consists of 17-79 (average: 38) pulses, repeated at a rate of 97-162
pulses/s (Figure 15G). A spectrogram of the call has been depicted elsewhere [90,107].

Distribution: The species is distributed from Angola to Rwanda and south to Mozam-
bique and Zimbabwe at elevations of 800-2300 m. Altitudinal range and province records
in Rwanda: 1643-2000 m; Southern Province.

Habitat preference and ecology: Terrestrial. Inhabits grassland, near pools or seep-
ages, also in farmland. The species breeds in temporary pools and rice fields.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Vulnerable, because
the species has lost about half of its former area of occupancy in the country within the past
50 years and cannot survive in intensively cultivated areas.

3.1.54. Ptychadena sp. A

Taxonomic remark: A medium-sized species of Ptychadena. It differs in morphological
characters, advertisement call, and 16S rRNA sequence from the other Ptychadena species
from Rwanda. The taxonomic status of the species will be addressed elsewhere (Dehling,
in preparation).

Distribution in Rwanda: So far, only known from the Eastern Province.

Conservation status and population trend: IUCN Red List: Not evaluated [7]. Popu-
lation trend and local abundance unknown. Proposed national conservation status: Data
Deficient.

3.1.55. Ptychadena sp. B

Taxonomic remark: A small species of Ptychadena. It differs in morphological charac-
ters, advertisement call, and 16S rRNA sequence from the other Ptychadena species from
Rwanda. The taxonomic status of the species will be addressed elsewhere (Dehling, in
preparation).

Distribution in Rwanda: So far, only known from the Eastern Province.

Conservation status and population trend: IUCN Red List: Not evaluated [7]. Popu-
lation trend and local abundance unknown. Proposed national conservation status: Data
Deficient.

Pyxicephalidae

Three species of the genus Amietia and one of the genus Cacosternum have been
recorded in Rwanda. Morphological distinction of Amietia spp. is difficult, whereas all taxa
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are well differentiated with respect to partial 16S sequences. The advertisement call of A.
ruwenzorica is unknown. The calls of the remaining species allow for a reliable distinction
of reproductive males.

Key to the species of Amietia of Rwanda based on morphological characters:

1 Webbing well developed, leaving at most one phalanx free on the first and fifth toe,
conspicuous narrow longitudinal dorsolateral dermal ridges from eye to sacrum,
dorsal pattern consisting of blotches ..........ccccoveiiiiiciiiii, 2

1’ Webbing poorly developed, leaving two phalanges free on first and fifth toe, low,
rather inconspicuous, dorsolateral fold from eye to about half the trunk length,

narrow longitudinal dark marks along the dorsolateral folds ....... A. ruwenzorica
2 Rictal gland flat with few protruding warts, transverse C-shaped dermal scapular
fold usually PIeSent .........ccocooiiieiiiiiiiciiiiiiicce e A. desaegeri
2’ Rictal gland protruding and smooth, no dermal scapular fold ...................... A. nutti

Key to the pyxicephalid species of Rwanda based on advertisement call features:
1 Call consisting of a series of evenly spaced single pulses followed by a long, pulsed

1’ Call consisting of 5-6 notes consisting of 2 to 4 pulses.......... Cacosternum plimptoni

2 Number of single pulses in series up to 5, repeated at 8-11/s ...... Amietia desaegeri
2’ Number of single pulses in series up to 10, repeated at 12-20/s ....... Amietia nutti

Figure 16. Rwandan species of Pyxicephalidae (A) Amietia desaegeri, Gishwati-Mukura NP (photo:
JM.D.), (B) Amietia nutti, Huye (photo: J.M.D.), (C) Amietia ruwenzorica, Volcanoes NP (photo:
J.M.D.); Ranidae (D) Amnirana albolabris, South Kivu Province, DR Congo (photo: Bonny Dumbo), (E)
Ampnirana galamensis, Eastern Province (photo: Eberhard Fischer); and Herpelidae (F) Boulengerula
fischeri, Cyamudongo Forest (photo: J.M.D.).
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Figure 17. Advertisement calls of Rwandan Pyxicephalidae (A) Amietia desaegeri, (B) Amietia nutti,
and (C) Cacosternum plimptoni; and Ranidae (D) Amnirana galamensis (call recording from South
Africa [107]). Calls are shown as representative spectrograms and oscillograms.

3.1.56. Amietia desaegeri (Laurent, 1972) (Figures 16A and 17A)

Original name and description: Rana desaegeri—R. F. Laurent (1972). Exploration du
Parc National des Virunga. Deuxieme série, 22: 1-125 [p. 91].

Type locality: “riv. Byangolo, secteur Munsenene, 1.300 m” (="Byangolo River, Mun-
senene Sector”), Virunga National Park, North Kivu Province, DR Congo.

External morphology: de Saeger’s River Frog is a large anuran species [6,73]. Sexual
size dimorphism absent, SVL of males up to 78 mm, females up to 76.5 mm [73]. Dorsum
smooth with conspicuous narrow longitudinal dorsolateral dermal ridges from posterior
end of eyelid to sacrum. Transverse, c-shaped ridge between dorsolateral ridges at level of
scapula. Legs long, feet large, toes extensively webbed. Coloration in life: Dorsum pale
beige with brown infusions but no distinct markings. Pale band between the eyes. Venter
immaculate, with diffuse darker mottling on throat.

Advertisement call: The call consists of two parts. The first part is a series of (1-)3-5
evenly spaced, single pulses, emitted at at rate of 11/s, with a dominant frequency at 1300
Hz (Figure 17A). The pulse series is followed by a long note after an interval of 628-1398
ms. The long note lasts 49 to 402 ms and consists of 6-50 pulses, repeated at a rate of 125
pulses/s. The amplitude and the dominant frequency (1000-1300 Hz) increase from the first
to the last pulse of the note. Both parts are frequently emitted without the other, suggesting
that both serve different functions. The call has also been described elsewhere [73].

Distribution: The species is endemic to the Albertine Rift and is distributed in eastern
DR Congo and in western Rwanda at elevations of 1000-3500 m. Altitudinal range and
province records in Rwanda: 1850-2082 m; Western Province.
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Habitat preference and ecology: Terrestrial. Inhabits pristine submontane and mon-
tane forest, usually associated with streams. The species breeds in small streams.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend stable. Proposed category for the National Red List: Vulnerable, because the
species has lost most of its former habitat in Gishwati Forest within the last 30 years. The
remaining restricted habitat is threatened by degradation.

3.1.57. Amietia nutti (Boulenger, 1896) (Figures 16B and 17B)

Original name and description: Rana Nutti—G. A. Boulenger (1896). The Annals and
Magazine of Natural History including Zoology, Botany, and Geology, Sixth Series, 18:
467-468 [p. 467].

Type locality: “Lake Tanganyika”.

External morphology: Nutt’s River Frog is a large anuran species. Pronounced sexual
size dimorphism, SVL of males up to 70.1 mm, SVL of females up to 87.8 mm [6,73].
Dorsum smooth with narrow longitudinal dorsolateral dermal ridges from posterior end
of eyelid to sacrum, paralleled by one to four less distinct and interrupted lateral dermal
ridges or rows of tubercles. Transverse dorsal ridge absent. Legs long, feet large, toes
extensively webbed. Coloration in life: Dorsum pale brown with small darker brown
blotches, yellowish vertebral stripe sometimes present. Venter immaculate, with diffuse
darker markings on throat and breast.

Advertisement call: The call consists of two parts. The first part is a series of 7-12
(rarely as few as 3) evenly spaced, single pulses, emitted at at rate of 15/s (12-20), with a
dominant frequency at 1120 Hz. The amplitude increases markedly from the first to the
last pulse of the series (Figure 17B). The pulse series is followed by a long note after a long
interval of 869-2273 ms. The long note lasts 126 to 231 ms and consists of an initial series
of up to 20 pulses that are repeated at a continuously increasing rate from 62/s between
the first two pulses to about 200/s between the last two separable pulses, before the note
becomes pulsatile at about half its duration and finally tonal in the last fourth (Figure 17B).
The amplitude remains at the same level. The dominant frequency decreases during the
pulsed part of the note from 1000 Hz to 560 Hz remains at about 600 Hz until the end of
the note. During the pulsatile section of the note, seven harmonics between 860 Hz and
2400 Hz are expressed, and in the final tonal section, three harmonics at 1100 Hz, 1800 Hz,
and 2400 Hz are present and contain almost as much energy as the fundamental /dominant
frequency, which makes this final part sound higher than the rest of the note. The long note
is occasionally repeated once or twice without a preceding pulse series after intervals of
about 3.6 and 5.0 s, respectively. For additional call descriptions, see Refs. [73,76].

Distribution: The species is distributed from Ethiopia to Burundi, eastern DR Congo,
and Tanzania at elevations of 2002879 m. Altitudinal range and province records in
Rwanda: 1292-2879 m; all five provinces.

Habitat preference and ecology: Terrestrial. Inhabits pristine forests, grassland, cul-
tivated wetlands. Tolerant to human disturbance. The species breeds in slow-moving
streams, ditches, agricultural water channels, and ponds.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend stable. Proposed category for the National Red List: Least Concern, because
the species occurs commonly in protectes areas (Volcanoes and Nyungwe National Parks)
as well as in cultivated wetlands throughout the country.

3.1.58. Amietia ruwenzorica (Laurent, 1972) (Figure 16C)

Original name and description: Rana ruwenzorica—R. F. Laurent (1972). Exploration
du Parc National des Virunga. Deuxieme série, 22: 1-125 [p. 93].

Type locality: “Kikyo, secteur Munsenene, forét de montagne [=Munsenene Sector,
montane forest], 2080 m”, Virunga National Park, North Kivu Province, DR Congo.

External morphology: The Ruwenzori River Frog is a large anuran species. Pro-
nounced sexual size dimorphism, SVL of males 44-71 mm, SVL of females 46-86 mm [38].
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Dorsum smooth with an inconspicuous low longitudinal dorsolateral fold from posterior
end of the eyelid to about half the trunk length. Transverse dorsal ridge absent. Legs long,
feet very large, toe webbing poorly developed. Coloration in life: Dorsum cream to light
brown with irregular larger blotches on flanks and along dorsolateral fold. Sides of head
behind eyes dark brown and with a large dark blotch anteroventrally from eye. Gular
region immaculate to boldly marbled. Marbling may extend to the lower belly and to the
ventral side of thighs.

Advertisement call: The call of the species is unknown.

Distribution: The species is endemic to the Albertine Rift and occurs in the Ruwenzori
Mountains, Bwindi Impenetrable Forest in Uganda, Virunga Mountains of Rwanda and
the Itombwe Plateau and Kabobo Mountains in DR Congo at elevations of 700-3031 m.
Recorded from Volcanoes National Park in Rwanda. Altitudinal range and province records
in Rwanda: 3031 m; Northern Province.

Habitat preference and ecology: Terrestrial. Inhabits swamps and open areas within
montane forest, associated with small streams, which are used for breeding.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend decreasing. Proposed category for the National Red List: Data Deficient.

3.1.59. Cacosternum plimptoni Channing, Brun, Burger, Febvre & Moyer, 2005
(Figures 14H and 17C)

Original name and description: Cacosternum plimptoni—A. Channing, C. Brun, M.
Burger, S. Febvre & D. Moyer (2005). African Journal of Herpetology, 54: 139-148 [p. 140].

Type locality: “Musabi Plain (02°17'16” S; 34°28'16” E; 1297 m), in the Serengeti
National Park, Tanzania”.

External morphology: Plimpton’s Dainty Frog is a very small anuran species. Sexual
size little developed, SVL of males 16.4-19.2 mm, SVL of females up to 19.7 mm [4,6]. Head
relatively narrow, body widest at level of abdomen. Legs short, feet relatively large, toe
webbing absent. Coloration in life: Dorsum green to brown with a variable pattern of spots
or stripes. Venter with few dark spots. Reproductive males have a yellow throat.

Advertisement call: The call is a rapid series of five or six high-pitched click notes.
Each note consists of 2—4 pulses. Note repetition rate 12-13/s. Total call duration 348 (five
notes) to 438 ms (six notes) (Figure 17C). Intercall interval varies between 2.1 and 7.9 s
(depending on temperature or social interactions with conspecifics). Dominant frequency is
at 4600 Hz. The call of specimens from Tanzania has been described in detail by Ref. [157].

Distribution: The species has been recorded in Tanzania, Kenya, Uganda, DR Congo,
and Rwanda at elevations of 1200-2500 m. Altitudinal range and province records in
Rwanda: A single locality at 1290 m in Akagera National Park; Eastern Province.

Habitat preference and ecology: Terrestrial. Inhabits grassland and dry savanna in
highland areas. The species breeds in shallow ponds, flooded depressions, and puddles.
Males call hidden in vegetation from the edge of the water body. Reproduction is in the
rainy season from October to April.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Data Deficient.

Ranidae

Two Amnirana species occur in the eastern part of Rwanda. Both are known from only
a few localities in the Eastern Province.

Key to the species of Amnirana of Rwanda based on morphological characters:

1 Dorsolateral fold narrow, well defined, dorsal colour greenish brown, fingertips dis-
tinctly expanded ... A. albolabris
1" Dorsolateral fold thick and glandular, dorsal colour dark brown and yellow, finger-
tips slightly SWOLIen ..........cccooiiiiiiiiniiiiccccs A. galamensis
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3.1.60. Amnirana albolabris (Hallowell, 1856) (Figure 16D)

Original name and description: Rana albolabris—E. Hallowell (1856). Proceedings of
the Academy of Natural Sciences of Philadelphia, 8: 146-153 [p. 153].

Type locality: “West Africa”; restricted to “Gabon” by Ref. [158], further restricted to
“north of the Ogooué River in Gabon” by Ref. [159].

Taxonomic remark: This taxon is a complex of up to six species [159]. The Rwandan
population is not conspecific with the nominal taxon but belongs to a Central /East African
lineage.

External morphology: Central and East African Forest White-lipped Frogs are medium-
sized to large anuran species. Pronounced sexual size dimorphism, SVL of males up to
57 mm, SVL of females up to 74 mm [4,6]. Elongated body; snout moderately pointed.
Legs lon, feet large, toes extensively webbed. Tympanum large. Longitudinal dorsolateral
dermal folds from eye to sacrum. Tips of fingers and toes expanded to discs. Reproductive
males with nuptial pads on thumb, elongated glands on the upper arm, minute spines on
the back. External vocal sac absent. Coloration in life: Dorsum olive to dark brown with
black markings. Venter whitish, occasionally with dark patterning.

Advertisement call: Unknown.

Distribution: The Central/East African lineage of A. albolabris occurs in the DR Congo,
Rwanda, Tanzania, Uganda, and Keyna at an altitudinal range of 600-1800 m [38,159,160].
In Rwanda, the species is known only from the Akagera-River Basin [48]. Altitudinal range
and province records in Rwanda: 1290 m; Eastern Province.

Habitat preference and ecology: Terrestrial. Inhabits pristine and degraded forest,
and gallery forest, associated with edge habitats to open areas. Tolerant to human distur-
bance. The species breeds in ponds, marshes, raphia swamps, and creeks.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Data Deficient.

3.1.61. Amnirana galamensis (Duméril & Bibron, 1841) (Figures 16E and 17D)

Original name and description: Rana Galamensis—A.-M.-C. Duméril & G. Bibron
(1841). Erpétologie générale ou histoire naturelle complete des reptiles. Tome huitieme, 784
pp- [p. 367].

Type locality: “Sénégal [...] dans les étangs de Galam” (= “in the ponds of Galam”,
“Senegal”).

Taxonomic remark: This taxon is a complex of up to three species [159]. The Rwandan
population is not conspecific with the nominal taxon but belongs to a Central or East
African lineage (possible available name: Rana oubanghiensis Mocquard, 1896). Referred to
as Ammnirana sp. ‘galamensis East’ in Ref. [6].

External morphology: The East African Galam White-lipped Frog is a large anuran
species. Sexual size dimorphism weekly expressed, SVL of males up to 78 mm, females up
to 86 mm [4,6]. Body robust; snout rounded. Legs relatively short, toes moderately webbed.
Toe and fingertips not expanded. Tympanum large. Thick, conspicuous dorsolateral dermal
ridge extending on both sides from eye to sacrum. Numerous small, gland-like warts on
flanks. Males have a pair of vocal sacs on in front of arm insertion and large glands on
upper arm. Coloration in life: Dorsum dark brown with several paler yellow spots in the
anal region and on the thighs. A pale yellow or orange stripe runs from the nostril across
the eyelid along the dorsolateral ridge to the body end. Upper lip white. Venter whitish to
light gray, lateral regions of belly and hind limbs mottled with dark.

Advertisement call: The pulsed call is low grunting [6,107]. The calls have a duration
of 365-537 ms and 59-91 pulses. The power spectrum of the calls consists of three frequency
bands (ca. 500, 2500, and 5000 Hz) with almost the same intensity. A spectrogram of the
call has been depicted elsewhere [107].

Distribution: The Central and East African lineages of A. galamensis are distributed
from Ethiopia and South Sudan through the Albertine Rift to Zambia and Mozambique,
and along the African East Coast to Kenya and Somalia [6,159] at elevations from sea level
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to at least 1500 m. In Rwanda, the species is known from Lake Muhazi [11] and the Akagera
National Park and its vicinity [48]. Altitudinal range and province records in Rwanda:
1232-1500; Eastern Province.

Habitat preference and ecology: Semi-aquatic, savanna, grasslands, where it lives
in and around permanent lakes, small rivers, ponds, and swamps. Tolerant to human
disturbance. Breeding habitat: lakes, ponds, and swamps.

Conservation status and population trend: IUCN Red List: Least Concern [7]. Popu-
lation trend unknown. Proposed category for the National Red List: Data Deficient.

Herpelidae

A single caecilian species occurs in Rwanda. Limbless, its body very elongated and
longitudinally segmented through body rings, and its eyes reduced, it cannot be confused
with any other amphibian species in the country.

3.1.62. Boulengerula fischeri Nussbaum & Hinkel, 1994 (Figure 16F)

Original name and description: Boulengerula fischeri—R. A. Nussbaum & H. Hinkel
(1994). Copeia 1994: 750-760 [p. 756].

Type locality: “Forét de Cyamudongo near Forét de Nyungwe, 1700-2000 m, Cyan-
gugu Prefecture, Rwanda”.

External morphology: Fischer’s Caecilian is an extremely elongated caecilian with 183-
204 body rings and a width at midbody of 3.0-4.5 mm [6,51,52]. Sexual size dimorphism
absent, body length of males 317-386 mm, body length of females 257-397 mm, [52].
Coloration in life: Surface pink to light violet, head and neck and posterior end slightly
paler. At the midbody a darker mid-dorsal stripe.

Distribution: The species is a local endemic of Rwanda, known exclusively from
the Cyamudongo Forest (Western Province) and its immediate vicinity at elevations of
1743-1985 m [52,60]. Nothing is known about the reproduction.

Habitat preference and ecology: Fossorial. Inhabits pristine montane forest and
adjacent banana plantations.

Conservation status and population trend: IUCN Red List: Vulnerable [7]. Popula-
tion trend unknown. Proposed category for the National Red List: Vulnerable.

3.2. Species without Validated Country Record That Have Been Presumed to Occur in Rwanda

Besides the species, for which there are validated country records (Section 3.1.), several
other species have been listed for Rwanda in regional or continental field guides [3,5,6] and
in the online data bases “Amphibian species of the world” [8], “IUCN Red List” [7], and
AmphibiaWeb [95]. These references might have had a reciprocal influence to list certain
species.

Some species are listed for Rwanda because they have been recorded from localities
in neighboring countries close to the border with Rwanda. Their presence in Rwanda
is therefore only presumed or expected [8] or accordingly stated as “uncertain” [7] or
extrapolated on a distribution map to cover all East Africa [3]. There are no published
reports or voucher specimens in museum collections from Rwanda, nor did our surveys
yield any evidence that the geographic distribution of these species reaches Rwanda. The
following species fall into this category: Arthroleptis lameerei de Witte, 1921 [8], Arthroleptis
pyrrhoscelis Laurent, 1952 [7,8], Sclerophrys channingi (Barej, Schmitz, Menegon, Hillers,
Hinkel, Bohme & Rodel, 2011) [7,8], Hemisus guineensis Cope, 1865 [7,8], Hemisus marmoratus
(Peters, 1854) [3,7,8], Hyperolius chrysogaster Laurent, 1950 [7], Hyperolius diaphanus Laurent,
1972 [7,8], Hyperolius kuligae Mertens, 1940 [7], Hyperolius langi Noble, 1924 [7,8], Hyperolius
marginatus Peters, 1854 [7,8], Hyperolius ocellatus Glinther, 1858 [7,8], Hildebrandtia ornata
(Peters, 1878) [2].

In other cases, the taxonomy of species that occur in Rwanda had been changed
because the Rwandan populations were assigned to different taxa or described as new
species. Apart from the cases we report herein, i.e., Sclerophrys berghei, formerly S. funerea
(3.1.10), and S. gutturalis, formerly S. regularis (3.1.11) [7,8,95], there are several instances, in
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which the old name alongside the new name is still listed. These cases include the following
species:

Afrixalus fulvovittatus (Cope, 1861), Afrixalus “quadrivittatus” [124]: The term Afrixalus
“quadrivittatus” listed in “Amphibian species of the world” is applied to a conglomeration
of species not unequivocally assignable to either Afrixalus fulvovittatus or Afrixalus vittiger [8,
124]. Ref. [95] lists Afrixalus fulvovittatus for Rwanda. However, only a single species of the
Afrixalus fulvovittatus / A. quadrivittatus complex occurs throughout Rwanda and we agree
with other published reports that the East African Four-lined Spiny Reed Frog populations,
including those in Rwanda, pertain to the nominal species Afrixalus quadrivittatus (3.1.16) [6,
76,109,123,161].

Afrixalus laevis (Ahl, 1930): The species is still listed for Rwanda [7,8,95]. The popula-
tions from the Central African Albertine Rift that formerly had been assigned to Afrixalus
laevis were described as distinct species, Afrixalus phantasma (3.1.15) and A. lacustris Green-
baum, Dehling, Kusamba & Portik, 2022, and the geographical range of A. laevis was
restricted to Cameroon and Bioko Island, Equatorial Guinea [86]. Only one of these species,
A. phantasma, has been recorded from Rwanda.

Hyperolius acuticeps Ahl, 1924: The East African species of the Hyperolius-nasutus group
had been referred to as H. acuticeps [4,126,160,162-165], before the group was revised and
the only species of the group that occurs in Rwanda was described as a new species, H.
rwandae (3.1.28) [82]. Hyperolius acuticeps is still listed for Rwanda [82,95], although the
taxon is now considered a synonym of H. microps Giinther, 1864 [166], a species that is
distributed in Mozambique, Malawi, and coastal Kenya and Tanzania [6,8].

Ptychadena “mascareniensis” [8]: This taxon, listed in Ref. [8], is regarded an aggregation
of unnamed species and unallocated populations within the Ptychadena mascareniensis
complex, distributed from West Africa to northeastern DR Congo, Ethiopia, northern
Namibia, and northern South Africa [8,71,88,167]. The species in Rwanda formerly treated
as P. mascareniensis has been identified as P. nilotica (3.1.50) [88]. Listing “P. mascareniensis”
alongside P. nilotica in the species list for Rwanda implies that another unnamed species of
the complex occurs in Rwanda, which according to our investigations is not the case.

Lastly, there are several species that have been claimed to occur in Rwanda but there
are no published reports or voucher specimens in museum collections that would support
the assumed occurrence in Rwanda.

Leptopelis christyi (Boulenger, 1912); type locality: “Mabira Forest, Chagwe, Uganda”.
The species is regarded as occurring in Rwanda in regional and continental field guides [5,6]
and is presumed to occur [8] or considered “uncertain” [7] in two data bases. The large
species of Leptopelis is known to occur in DR Congo, Tanzania, and Uganda [123,168].
The extension of the geographic range to Burundi and Rwanda [5,6] is not supported by
published reports from these countries. Our surveys did not yield any evidence that its
geographic distribution covers Rwanda.

Sclerophrys pusilla (Mertens, 1937); type locality: “Leteba-Camp”, Kruger National
Park, Limpopo Province, South Africa. The species is regarded as occurring in Rwanda in a
regional [2] (as Bufo maculatus) and a continental field guide [6] as well as in a database [95];
and presumed to occur [8] or consistered “uncertain” [7] in the two other data bases. The
taxon is widely distributed in southern and eastern Africa [169], but there is no published
report on specimens collected in Rwanda. Our surveys did not yield any evidence that its
geographic distribution reaches Rwanda.

Afrixalus osorioi (Ferreira, 1906); type locality: “Quilombo”, Angola. The species is
stated as occurring in Rwanda in a regional field guide [5] and its presence is considered
possible in a data base [8]. The species occurs from Gabon to northern Angola, through DR
Congo to Uganda and Kenya [6,38,44,163]. There is no published report on specimens col-
lected in Rwanda. Our surveys did not yield any evidence that its geographic distribution
reaches Rwanda.

Hyperolius mariae Barbour & Loveridge, 1928; type locality: “near the mill dam at
Derema, Usambara Mtns., Tanganyika Territory” (=Tanzania). Three species of the Hyper-
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olius viridiflavus / H. marmoratus complex occur in Rwanda, i.e., H. glandicolor (3.1.23), H.
parallelus (3.1.27), and H. viridiflavus (3.1.29) [85]. A recent revision of the complex included
our sequences from Rwanda and confirmed the presence, number, distinctness, and affili-
ation of the three species [131]. In contrast to that, Hyperolius glandicolor is missing from
the list for Rwanda and H. mariae is listed in its stead by Ref. [8]. The reason is obviously a
mix-up in the captions of Figures 8 and 9 in Ref. [131]: Figure 8B shows the distribution
of H. glandicolor from northern Rwanda and southwestern Uganda to southern Kenya
and northern Tanzania but is labelled as H. mariae, and, vice versa, Figure 9C shows the
distribution of H. mariae in coastal Kenya and Tanzania including the islands off the coast
but is labelled as H. glandicolor. The correct localities are stated for each species in the
respective accounts [131].

Ptychadena grandisonae Laurent, 1954; type locality: “Muita, Luembe E., Angola”
(=Muita, 7.48° S, 21.27° E, 800 m [35]; Lunda Norte Province, Angola). Two of the paratypes
of the species were collected in “Bitare, 1650 m., Terr. de Kitega, Urundi” [33], a town in
central Burundi (3°15’ S, 29°54’ E), about 20 km north of Gitega [89]. The species has been
erroneously considered to occur in Rwanda, but not in Burundi, for almost 60 years [89]
and is still listed for Rwanda by all surveyed data bases (see Refs. [7,8,95] and Ref. [6]).
There is no specimen of P. grandisonae among the material Laurent collected in Rwanda.
As we already pointed out [89,90], the misconception was very likely caused by Laurent
himself in a monograph on the “Reptiles et Amphibiens de 1’Angola” [35]. Therein, Laurent
cites one of the type localities of P. grandisonae wrongly as “Bitare (Ruanda)” [35] (p. 139),
apparently confusing Bitare, Burundi, with Butare, Rwanda. Thus, the often-cited record of
P. grandisonae from Rwanda [6,147,156,170,171] in fact refers to specimens from Burundi
(RMCA 109036-37). So far, there is no evidence for the occurrence of P. grandisonae in
Rwanda.

4. Features of Amphibian (Meta)Communities
4.1. Local Community Structure

The most diverse communiy that we identified contained 17 species (Huye, 2.599°S,
29.756°E, 1643 m; Figure 18, Table 2). Maximum species richness decreased towards lower
and higher elevation to twelve and five species, respectively. In the seven localities shown
in Table 2, each representative for its elevational range, occurred 38 (=61.3%) out of the 62
species inhabiting Rwanda. There was a clear-cut change in community composition at
altitudes of about 2000 m, which widely parallels the transition from cultivated landscapes
to the remains of montane forest. Only five of the 17 species found at the four montane-
forest sites above 2000 m were also detected in farmland at similar elevations (see Ref. [79]),
and only two of them were found at one of the three sites in farmland a lower elevation,
rendering the faunal overlap between montane-forest sites above 2000 m and farmland
sites below 2000 m (Sorensen index) to QS = 0.095. 25 of the 38 species were tolerant to
anthropogenic alteration of habitat, of which 23 were found at the three farmland sites
(cultivated wetland /marais). Apart from the aforementioned two species that naturally
occur in montane forest, the remaining 21 species are naturally distributed in savanna and
other open habitat.
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Figure 18. Species richness of amphibian communities along the altitudinal gradient in Rwanda.

Table 2. Species composition of seven realized amphibian communities at different elevations in
Rwanda. The three sites at lower elevations (962-1643 m) are situated in farmland, the other ones
at higher elevations in natural montane forest. An asterisk indicates that the species is tolerant to
anthropogenic disturbance.

Saruhembe
Bugarama (Akagera Huye Gishwati  Uwasenkoko Lac Ngezi Gahinga
962 m River) 1643 m 2082 m 2379 m 2879 m 3031 m
1292 m

Species

Amietia ruwenzorica
Phrynobatrachus graueri
Leptopelis karissimbensis
Hyperolius castaneus
Sclerophrys kisolensis * X
Hyperolius glandicolor *

Amietia nutti * X
Phrynobatrachus acutirostris
Phrynobatrachus versicolor
Afrixalus phantasma

Hyperolius discodactylus
Xenopus wittei *

Arthroleptis adolfifriederici
Cardioglossa cyanospilea
Leptopelis kivuensis

Ptychadena chrysogaster
Amietia desaegeri

Hyperolius lateralis *
Ptychadena anchietae *
Ptychadena uzungwensis *
Hyperolius viridiflavus *
Kassina senegalensis *
Ptychadena porosissima *
Xenopus victorianus *
Hyperolius cinnamomeoventris *
Sclerophrys gutturalis *
Afrixalus quadrivittatus *
Hyperolius kivuensis *
Hyperolius rwandae *
Phrynobatrachus kakamikro *

XX X
XX XXX

> X
XX XXX X

XX XX X X X

XX XXX X X X

XXX XXX X XXX
KX KX XX XXX XX XX

XX XXX
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Table 2. Cont.

Saruhembe
Species Bugarama (Akagera Huye Gishwati  Uwasenkoko Lac Ngezi Gahinga
962 m River) 1643 m 2082 m 2379 m 2879 m 3031 m
1292 m
Phrynobatrachus natalensis * X X X
Ptychadena nilotica * X X X
Leptopelis bocagii * X X
Phrynobatrachus parvulus * X
Ptychadena guibei * X
Xenopus muelleri * X
Hoplobatrachus occipitalis * X
Hyperolius parallelus * X
N species 12 15 17 10 10 6 5

4.2. Delimitation of Altitudinal Metacommunities

Factorial analysis of the geographical range matrix formed by 57 taxonomically de-
scribed amphibian species of Rwanda confirmed the marked segregation into low- and
highland communities (Figure 19). The lowland metacommunity (21 species + 2 shared
highland species; Table 2) is complemented by eight species (Amnirana albolabris, A. gala-
mensis, Cacosternum plimptoni, Phrynobatrachus scheffleri, Phrynomantis bifasciatus, Ptychadena
oxyrhynchus, Schismaderma carens, Xenopus vestitus) restricted to the north-eastern savannas
(mainly Akagera plain) and Phrynobatrachus auritus in the west. In contrast, seven species
known exclusively from the lower areas of the forested Nyungwe/Cyamudongo region
(Arthroleptis schubotzi, Hylambates verrucosus, Hyperolius frontalis, Hyperolius jackie, Leptopelis
cf. cynnamomeus, Sclerophrys berghei, Boulengerula fischeri) were grouped together with
highland species occurring in the higher areas of the Nyungwe, Gishwati-Mukura, and
Volcanoes National Parks. In this case, the presence of montane forest at lower elevations
was more decisive for community assembly than absolute altitude of occurrence. The
highland metacommunity (17 species; Table 2) is complemented by three species (Afrixalus
orophilus, Callixalus pictus, Phrynobatrachus bequaerti).
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Figure 19. 3D-plot of species association with geographical clines based on factorial analysis. Blue
symbols: core altitudinal range of species >2000 m; red symbols: core altitudinal range of species
<2000 m. Filled symbols: species associated to communities described in Table 2; open symbols:
species detected not affiliated to a community in Table 2.
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Consequently, species are assigned to either lowland communities (n = 30 + 2 shared
highland species) in mainly open, deforested habitats or to communities in a higher eleva-
tional range (n = 20 + 7 species in lower forested areas), in which montane forest persists.
The lowland communities in farmland showed a huge overlap in species composition be-
tween sites and a countrywide homogenized metacommunity (see also Ref. [79]). Marked
changes occurred between the farmland community at the lowest site at Bugarama (962 m,
Table 2), which contained a number of species not recorded from elsewhere in Rwanda,
and the remaining farmland sites; and between the lowland farmland sites and the sites
in natural or near-natural savanna in the north-eastern Akagera plain, which exhibited a
higher turn-over in species composition between sites and contained habitat specialists
that are apparently intolerant to human disturbance [79]. The areas of montane forest are
limited to three national parks, which are separated from each other by wide areas of open
habitat. The montane-forest communities of Nyungwe/Cyamudongo, Gishwati-Mukura,
and Volcanoes National Parks differ in species number and exhibit a high turnover in
species composition between sites. The former metacommunity of montane forest amphib-
ians is now segregated into three geographically disjunct communities without current or
recent exchange of species. The faunal overlap between the lowland and the montane-forest
metacommunites is limited to merely two predominantly highland montane-forest species
(A. nutti, S. kisoloensis), which are tolerant to deforestation.

4.3. Life-History Features in Lowland and Highland Metacommunities

Lowland and highland metacommunities differed in several features of life-history.
Habitat preferences of adults outside the breeding period were significantly distinct be-
tween lowland and highland species (Chi-squared test for paired samples, x = 822.75,
p < 0.001; Figure 20A). Most members of the lowland community preferred open areas
such as savanna, grassland, or cultivated wetlands, whereas highland species were mostly
associated with gallery or pristine montane forest. Breeding site choice differed between
the two communities due to the strong preference for any kind of stagnant water body in
lowland species and a considerable part of species with preferences for streams, terrestrial,
and subterrestrial breeding sites in the highland metacommunity (Chi-squared test for
paired samples, x = 148.75, p < 0.001; Figure 20B).
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Figure 20. Frequency histograms of life-history features in lowland (red) and highland metacom-
munities (blue). (A,B) Habitat preferences of non-reproductive and breeding adults; (C) Lifestyle
categories; (D) occupancy index as a proxy of country wide distribution range. Note that the shared
species of low- and highland metacommunities are included in each and that some species show
more than one trait.



Diversity 2023, 15, 512

71 of 81

In contrast to the pronounced differences in habitat preferences, the distribution of
lifestyles was more similar in the two metacommunities (Figure 20C). Still, the less common
terrestrial, semi-aquatic, and aquatic lifestyles and more common fossorial and arboreal
lifestyles in the highland metacommunity caused significantly distinct distributions (Chi-
squared test for paired samples, x = 44.8, p < 0.001; Figure 20C).

Using the presence of species in the localities surveyed as a measure of dispersal ability
and adaptability to distinct habitats (occupancy index), the species of lowland communities
differed strongly from those of highland metacommunities (Chi-squared test for paired
samples, x = 60.8, p < 0.001; Figure 20D). Highland species were often habitat specialists
such as C. pictus, occurring in few localities. Noteworthy exceptions from the rule were A.
nutti, H. castaneus, and S. kisoloensis. Lowland species were often habitat generalists, most
of them naturally occurring in savanna but capable of dispersing through the cultivated
wetland network and of persisting in a wide array of open land biotopes.

4.4. Vulnerability of Lowland and Highland Metacommunities.

Using the continent-wide (global) IUCN Red List categories of the taxonomically
described species as an indicator of metacommunity vulnerability, there was a striking
difference between the lowland and the highland metacommunities (Table 3). All lowland
species were globally considered as Least Concern, whereas 70.4% of the highland species
were classified as Least Concern, 7.4% as Near Threatened and 14.8% were in a threatened
category (VU), 3.7% were Data Deficient, and 3.7% have not been assessed (Table 3). In total,
only four (7.0%) of the 57 taxonomically described species from Rwanda were considered
in the global rating as threatened (listed higher than Near Threatened). The global rating
of vulnerability contrasted with that of the proposed National Red List of Rwanda in
the much higher number of species that were classified as threatened, i.e., 24.6% of the
57 taxonomically described Rwandan species, 13.3% in the lowland and 37.0% in the
highland metacommunities (Table 3). The number of Data Deficient species among the
taxonomically described species increased to 23.3% in the lowland and to 11.1% in the
highland metacommunities, and a total of 24.2% if all 62 recorded species were included
(Table 1), reflecting the countrywide need for more surveys.

Table 3. Red List categories of the taxonomically described amphibian species occurring in Rwanda.
Data are given separately for lowland (30 species + 2 shared highland species) and highland meta-
communities (27 species). The IUCN assessment [7] is compared with our assessment of the national
conservation status of these species in Rwanda.

Red List Lowland Lowland Highland Highland

Catego Species (Red Species (Red Species (Red Species (Red
gory List Global) List Rwanda) List Global) List Rwanda)

Not evaluated - - 1 -

Data Deficient - 7 1 3

Least Concern 30+2 19+2 19 10

Near Threatened - -

Vulnerable - 4 4

Endangered - - - 3

Critically } . ) 1

Endangered

Extinct in the ) ) ; )

wild

Extinct - - - -

A total of 47 of the 62 species (75.8%) listed for Rwanda have been detected in at least
one of the four National Parks (Table 1). The three highland national parks cover about
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1200 km? and harbour 26 (96.3%) of the 27 members of the highland metacommunity. The
Akagera National Park covers 1122 km km? of lowland savanna and harbours 17 (53.1%)
of the 32 members of the lowland metacommunity.

5. Discussion

The basis for any investigation that involves species as the fundamental unit is the
ability to unequivocally identify the studied species and to distinguish them from others.
Research on amphibians in the Albertine Rift including Rwanda has often been hampered
by misidentifications of species, corrupting the findings. We hope that our summary of the
diversity and identification of the Rwandan amphibian species will be a useful reference to
anyone working on amphibians in the area.

The current global loss of biodiversity requires profound knowledge on the national
species richness and population status to enable the local institutions to take action for
informed conservation management. Unfortunately, for most species groups and for many
countries such knowledge is absent or based on unsubstantiated guesses. In this study,
we provide for the first time an evidence-based assessment of the species diversity of
amphibians in Rwanda. We compare the amphibian species richness with that of other
African countries and pinpoint the country-specific threats for amphibians.

5.1. Amphibian Diversity in East Africa focussing on Rwanda

Despite a long history of herpetological exploration, the amphibian fauna of Rwanda
was only partly known at the end of the first decade of the century, and less than 40 species
had actually been recorded for the country [172-174]. In the course of our studies, we have
revealed the presence of 23 additional species from Rwanda, which we have reported herein
and in previous publications [73,76,79,80,82,84-86,90]. Some parts of Rwanda remain little
explored and some candidate species have already been identified, and we expect the
final species number to be still somewhat higher. With currently 62 recorded amphibian
species, the diversity in Rwanda is exceptionally high, especially given the small size
of the country of only 26,338 km?. Compared to much larger countries in the wider
region, the total species number is higher than those currently known from Sudan, South
Sudan, Eritrea, and Somalia; and even close to the total species numbers of Uganda and
Ethiopia [8,109,172,174-176]. However, meaningful comparisons to neighboring countries
are difficult because the amphibian diversity in the Albertine Rift region and to a great part
of whole East Africa must be considered incompletely assessed [172,174]. For example, from
Burundji, a country similar in size to its northern neighbor Rwanda, there are confirmed
records of only about 40 species [8,85], but given the similarity in altitudinal range and
habitat types present and according to our own preliminary assessments, we expect the
total amphibian species number in Burundi to be similar to or even exceed that of Rwanda.
Despite recent progress, the Albertine Rift remains an understudied region with respect
to amphibian diversity although it harbours a higher number of endemic and threatened
vertebrate species and of phylogenetically complementary amphibian lineages than any
other region on the continent [79,172,174,177]. Additional field work assessing the diversity
and distribution of amphibians is urgently needed in the whole region.

5.2. Conservation Status of the Amphibian Diversity in Rwanda

In 2008, it was estimated that 8 of the 38 then recorded Rwandan amphibian species
(21.5%) were threatened under the criteria of the [IUCN [7,172]. However, the estimate was
not based on detailed studies on the distribution of populations and their local density
within Rwanda but on the overall distribution of these species and their presence in
protected areas [7]. Currently, only 4 (7.0%) of the 57 taxonomically described species
from Rwanda are considered as threatened in the global IUCN Red List [7]. This contrasts
with our proposed National Red List for Rwanda, in which we consider 14 species (24.6%)
as threatened. This dicrepancy apparently reflects the lack of information on the local
population status of most species in the region. Apart from two species (Hyperolius jackie,
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Boulengerula fischeri) that are locally endemic to southwestern Rwanda, the geographic
range of all other species covers a wider area in several countries. If one considers the total
range of a species as the area between the outermost localities from where the species has
been recorded, the ranges of most of these species might not have decreased much within
the last decades. However, this perspective easily neglects population declines at the local
or national scale. Assuming that the situation of the amphibians in Rwanda is similar to the
surrounding areas, one can assume that most species have undergone similar population
declines in these areas within the last decades that have, however, gone largely unnoticed.
Quite surprisingly for an area that has received so little attention during the past 60 years,
the percentage of Data Deficient species among the Rwandan amphibian species is only
1.8% (1 of 56 assessed species) in the global Red List, and thus much lower than the global
average of species classified as Data Deficient of 15.3% [7]. The percentage of Data Deficient
species in our proposed national red list (24.2%) is much higher. Most of the species that
fall into the DD category in the national Red List have been recorded at a single or few
localities in the country and we expect most of them to be countrywide threatened. Based
on our assessment of the national threat status of the amphibians in Rwanda, we conclude
that the global threat status for many species in the Albertine Rift region is underestimated.

The major threat of biodiversity in Rwanda is the rapid increase of human popula-
tion during the past 70 years. In the 1950s, Rwanda had a population of about 2 million
people [178]. This number has grown to 14 million in 2023, and Rwanda is now the most
densely populated country in continental Africa with about 535 inhabitants per km? [178].
The rapid increase in population has generated a growing demand for subsistence agricul-
ture areas, livestock grazing areas, and fuel wood and charcoal [179]. Population growth
has put the remaining Rwandan forests under an increasing pressure in terms of encroach-
ments and deforestation. The area covered by montane rain forest in Rwanda has decreased
from an estimated 659,000 ha (28% of the country’s dry surface) in 1960 to 130,850 ha
(5.5%) in 2022 [179]. The rest of the country’s total land surface is mostly exploited for
agriculture, but there has also been some recent reforestation. The major threat to the
Rwandan biodiversity including the amphibians is therefore habitat loss due to the ex-
panding conversion of natural habitats to farmland. The conversion of natural habitats
to farmland leads to a massive loss of overall amphibian species richness, functional and
phylogenetic diversity, and to an extensive homogenization of amphibian-assemblage
composition at the landscape scale [79]. Most of the montane forest-associated and many
savanna-dwelling amphibian species are unable to persist in anthropogenically altered
habitat [79]. The comparatively few species found in Rwandan farmland show common
characteristics of species that thrive in human-altered environments, such as ancestral
reproductive modes with high fecundity and the ability to breed throughout the year, and
wide climatic niches which facilitate large geographic ranges in eastern Africa and beyond;
none of these species is currently threatened by extinction [79]. The species restricted to
natural habitats on the other hand show characteristics such as specialized reproduction
modes, including small clutches of large eggs, direct development, highly seasonal breed-
ing, and reproduction in streams [79]. The threat posed by habitat loss is exemplified in
the Painted Beauty Frog (Callixalus pictus), a formerly common habitat specialist confined
to bamboo stands in DR Congo and Rwanda [2,28]. In Rwanda, the total area of bamboo
stands has decreased to only 613 ha [179], and despite intensive search we were unable to
detect a remaining population of C. pictus left in Rwanda. We have considered the species
as Critically Endangered in our proposed national Red List, but the species might already
be Extinct in the Wild in Rwanda, although globally it is considered only as Vulnerable [7].
Callixalus is a member of the highland metacommunity that consists of 27 species, almost
half of the total species number in Rwanda. With a few exceptions, all these species are
intolerant to deforestation or alteration of the natural montane forest, montane grassland,
and swamps and therefore, they are almost completely restricted to the three national parks
that conserve this unique habitat type and the few remaining patches of natural montane
wetlands outside the national parks. The survival of these species in Rwanda therefore
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depends on the persistence and strict protection of the national parks and the remaining
wetlands. In the lowland metacommunity, many species are tolerant to the conditions that
result from the conversion of natural habitats into farmland [76,78,79]. Although all species
of the lowland metacommunity are considered as “Least Concern” on the global scale [7],
we consider four as threatened (“Vulnerable”) and seven as “Data Deficient”. Most of the
threatened and “data-deficient” species are restricted in Rwanda to natural savanna habitat
and therefore only occur in the Akagera National Park [79]. The survival of these species
therefore depends on the persistence and strict protection of this national park. Until quite
recently, much of the park area was grazed by about 30,000 cattle, an anthropogene land
use, which now has been banned [180]. Moreover, the original size of the park has been
reduced from about 2500 km? to 1122 km? today, due to the demands of the increased
human population [48]. Many of the habitat specialists will likely go extinct in Rwanda if
the area of the Akagera National Park is further diminished.

6. Conclusions

Considering the small area and the predominantly montane landscape of Rwanda,
the species richness of amphibians is high. The continuing increase of human land use
(deforestation and conversion of natural wetlands to increase agricultural areas and ur-
banization) and the limited knowledge on the conservation status (10 out of 62 species
are considered Data Deficient) pose serious threats to the current amphibian diversity.
Forest-dependent highland species are restricted almost entirely to three national parks,
and most are habitat specialists, often with few populations left that are isolated from
each other. We conclude that the highland metacommunity requires special attention and
conservation effort because a further shrinking of area will invariably lead to a loss of
amphibian diversity. Many of the species of the lowland metacommunity can tolerate the
conditions currently found in Rwandan farmland, which is characterized by relatively
low-intensity agriculture. The only lowland national park in the country harbours several
habitat specialists. We recommend that the exploration of diversity and distribution of
amphibians in Rwanda should be intensified and expanded to all areas that have not yet
been surveyed.

Author Contributions: Conceptualization, ].M.D. and U.S.; Data curation, ] M.D.; Investigation,
JM.D. and U.S.; Methodology, ]. M.D. and U.S.; Project administration, U.S.; Resources, ]. M.D. and
U.S,; Validation, ].M.D. and U.S,; Visualization, ]. M.D. and U.S.; Writing—Original draft, ] M.D. and
U.S.; Writing—Review and editing, ] M.D. and U.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We thank the Rwandan Development Board (RDB) for issuing research, col-
lecting and export permits (Nos. 2/ORTPN/V.U/09, 08/RDB-T&C/V.U/12, 18/RDB-T&C/V.U/12
and 10/RDB-T&C/V.U/15). African Parks kindly permitted and supported our research in Akagera
and Nyungwe National Park. Numerous collegues supported our field work in Rwanda or shared
data, including S. Seidel, B. Dumbo, E. Fischer, H. Hinkel, E. Greenbaum, A. Channing, J. Gruner,
D. Bantlin, P. Niyigaba, L. Ndahiriwe, A. Mudakikwa, R. Muvunyi, K. Rembold, S. Miiller, D. M.
Dehling, S. Lotters, E. Lehr, and P. Scheid. Several students participated in field surveys, including A.
Hantzschmann, M. Holting, A. Iannone, K. Liimkemann, M. Mindje, N. Raduschewski, K. Rosar, C.
Schwarz, and L. Tumushimire. Photographers of images we used are mentioned in the respective
figure captions. D. Meirte and G. Cael (RMCA), M.-O. Rodel and F. Tillack (ZMB), H. Grillitsch, S.
Schweiger, and R. Gemel (NHW)), J. Streicher (NHM), and W. Bohme and M. Flecks (ZFMK) provided
working space and facilitated examination of material under their care. A. Hochkirch, M. Veith and
S. Lotters (Department of Biogeography, University of Trier) permitted the use of their laboratory
facilities for the molecular analysis of tissue samples. The visits of ].M.D. to museums were funded



Diversity 2023, 15, 512 75 of 81

by the Synthesys Project (http://www.synthesys.info), which is financed by European Community
Research Infrastructure Action under the FP6 “Structuring the European Research Area” programme:
RMCA (BETAF-2107, BE-TAF-4004), NHM (GB-TAF-6806), NHMW (AT-TAF-4170).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Schietz, A. The Treefrogs of Eastern Africa; Steenstrupia: Copenhagen, Denmark, 1975.

2. Schietz, A. Treefrogs of Africa; Edition Chimaira: Frankfurt, Germany, 1999.

3. Branch, B. Snakes and Other Reptiles and Amphibians of East Africa; Struik Nature: Cape Town, South Africa, 2005.

4. Channing, A.; Howell, K.M. Amphibians of East Africa; Edition Chimaira: Frankfurt, Germany, 2006.

5. Spawls, S.; Howell, K.M.; Drewes, R.C. Pocket Guide to the Reptiles and Amphibians of East Africa; A&C Black Publishers Ltd.:
London, UK, 2006; pp. 1-240.

6.  Channing, A.; Rodel, M.-O. Field Guide to the Frogs & Other Amphibians of Africa; Penguin Random House: Cape Town, South
Africa, 2019.

7. TUCN. The IUCN Red List of Threatened Species; Version 2022-1; IUCN: Gland, Switzerland, 2022; Available online: https:
/ /www.iucnredlist.org (accessed on 27 December 2022).

8. Frost, D.R. Amphibian Species of the World: An Online Reference. Version 6.1. Electronic Database. American Museum of
Natural History: New York, NY, USA, 2022. Available online: https://amphibiansoftheworld.amnh.org/index.php (accessed on
27 December 2022). [CrossRef]

9.  Schubotz, H. Wissenschaftliche Ergebnisse der Deutschen Zentral-Afrika-Expedition 1907-1908 unter Fiihrung Adolf Friedrichs, Herzog zu
Mecklenburg. Band I1I Zoologie I; Klinkhardt und Biermann: Leipzig, Germany, 1913.

10. Nieden, F. Neue ostafrikanische Frosche aus dem Kgl. Zool. Museum in Berlin. In Sitzungsberichte der Gesellschaft Naturforschender
Freunde zu Berlin; 1911; Volume 1910, pp. 436—441.

11. Nieden, FE. Amphibia. In Wissenschaftliche Ergebnisse der Deutschen Zentral-Afrika-Expedition 1907-1908 unter Fiihrung Adolf Friedrichs,
Herzogs zu Mecklenburg. Band IV, Zoologie II; Schubotz, H., Ed.; Klinkhardt & Biermann: Leipzig, Germany, 1912; Volume IV, pp.
165-196.

12.  Ahl, E. Uber einige afrikanische Frosche. Zool. Anz. 1924, 59, 269-273.

13.  Ahl, E. Neue afrikanische Frosche. Zool. Anz. 1924, 61, 99-103.

14. Ahl, E. Uber neue afrikanische Frésche der Familie Ranidae. Sitz. Ges. Nat. Freunde Zu Berl. 1925, 1923, 96-106.

15.  Ahl, E. Zur Kenntnis der afrikanischen Baumfrosch-Gattung Leptopelis. Sitz. Ges. Nat. Freunde Berl. 1929, 1929, 185-222.

16. Ahl, E. Uber die afrikanischen Arten der Baumfroschgattung Megalixalus. Sitz. Ges. Nat. Freunde Berl. 1930, 1930, 89-102.

17.  Ahl, E. Zur Systematik der afrikanischen Arten der Baumfroschgattung Hyperolius (Amph. Anur.). Mitt. Aus Dem Zool. Mus. Berl.
1931, 17, 1-132.

18. Ahl E. Amphibia. Anura III. Polypedatidae. In Das Tierreich, 55. Lieferung; Schulze, FE., Kiikenthal, W., Eds.; Walter de Gruyter:
Berlin/Leipzig, Germany, 1931; pp. iii—xvi + 1-475.

19. Barbour, T.; Loveridge, A. A new frog of the genus Arthroleptis from the Belgian Congo. Proc. N. Engl. Zool. Club 1929, 11, 25-26.

20. Barbour, T.; Loveridge, A. Reptiles and amphibians from the Central African Lake Region. In The African Republic of Liberia and
the Belgian Congo Based on the Observations Made and Material Collected during the Harvard African Expedition 1926-1927. Volume II;
Strong, R.P,, Ed.; Contributions from the Department of Tropical Medicine and the Institute for Tropical Biology and Medicine No.
V. Harvard University Press: Cambridge, MA, USA, 1930; pp. 786-796.

21. de Witte, G.-F. Description de batraciens nouveaux du Congo Belge. Rev. Zool. Afr. 1921, 9, 1-27.

22. de Witte, G.-F. Batraciens récoltés au Congo Belge par le Dr H. Schouteden et par M. G.-F. de Witte. Ann. Musée Congo Belg. 1934,
3,153-188.

23. de Witte, G.F. Batraciens et reptiles. In Exploration du Parc National Albert, Mission G. F. de Witte (1933-1935); Fascicle 33, 54 figs, 2
col. pls, 74 pls, 1 map; Fondation pour Favoriser les Recherches Scientifiques en Afrique: Bruxelles, Belgium, 1941; 261p.

24. Laurent, R.F. Nouveaux batraciens congolais du genre Hyperolius. Rev. Zool. Bot. Afr. 1940, 34, 1-7.

25. Laurent, R.F. Contribution a I'osteologie et a la systematique des ranides africains. Rev. Zool. Bot. Afr. 1941, 34, 192-235.

26. Laurent, R.F. Contribution a I’etude des genres Megalixalus et Hyperolius. Bull. Musée R. Hist. Nat. Belg. 1943, 29, 1-20.

27. Laurent, R. Sur quelques rhacophorides nouveaux du Parc National Albert appartenant aux genres Megalixalus et Hyperolius. Bull.
Mus. R. Hist. Nat. Belg. 1947, 23, 1-8.

28. Laurent, R.F. Diagnoses preliminaires de treize batraciens nouveaux d’Afrique centrale. Rev. Zool. Bot. Afr. 1950, 44, 1-18.

29. Laurent, R.F. Genres Afrixalus et Hyperolius (Amphibie Salientia). In Exploration du Parc National des Albert, Mission G.F. De Witte
(1933-1935); Fondation pour Favoriser les Recherches Scientifique en Afrique: Bruxelles, Belgium, 1950; Volume 64, pp. 61-120.

30. Laurent, R. Deux reptiles et onze batraciens nouveaux d’Afrique centrale. Rev. Zool. Bot. Afr. 1951, 44, 360-381.

31. Laurent, R. Bufo kisoloensis Loveridge and Chamaeleo ituriensis Schmidt revived. Herpetologica 1952, 8, 53-55.

32. Laurent, R.F. Remarques sur le genre Schoutedenella Witte. Ann. Musée R. Congo Belg. Sci. Zool. 1954, 1, 34—40.

33. Laurent, RE Etude de quelques espéces méconnues du genre Ptychadena. Ann. Musée R. Congo Belg. Tervuren (Belg.). Sci. Zool.

1954, 34, 1-34+35.


http://www.synthesys.info
https://www.iucnredlist.org
https://www.iucnredlist.org
https://amphibiansoftheworld.amnh.org/index.php
https://doi.org/10.5531/db.vz.0001

Diversity 2023, 15, 512 76 of 81

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Laurent, R.F. Esquisse d"une faune herpétologique du Ruanda-Urundi. Nat. Belg. 1956, 1956, 280-287.

Laurent, R.F. Reptiles et Amphibiens de I’Angola (Troiseme contribution). Museu Dundo Publicagbes Cult. Cia. Diam. Angola 1964,
67,11-165.

Laurent, R.F. Adaptive modifications in frogs of an isolated highland fauna in Central Africa. Evolution 1964, 18, 458-467.
[CrossRef]

Laurent, R.-F. Contribution a I’histoire de I’herpétologie congolaise et bibliographie Générale; Académie royal des sciences d’outre-mer.
Classe des Sciences naturelles et médicales, Nouvelle Série; 1965; Volume 16, pp. 1-55.

Laurent, R.F. Amphibiens. In Exploration du Parc National des Virunga; Deuxieme Series; 9 plates; Fondation pour Favoriser les
Recherches Scientifique en Afrique: Bruxelles, Belgium, 1972; Volume 22, pp. 1-125.

Laurent, R.F. Caractéres biométriques de trois genres monotypiques de la famille des Hyperoliidae. Bull. Séances 1972, 1971-1972,
256-275.

Laurent, R.F. Le genre Leptopelis Guinther (Salientia) au Zaire. Ann. Musée R. Afr. Cent. 1973, 202, 1-62.

Laurent, R.F. A parallel survey of equatorial amphibians and reptiles in Africa and South America. In Tropical Forest Ecosystems in
Africa and South America: A Comparative Review; Meggers, B.]., Ayensu, E.S., Duckworth, W.D., Association for Tropical Biology,
Eds.; Smithsonian Institution Press: Washington, DC, USA, 1973; pp. 259-266.

Laurent, R.F. Les genres Cryptothylax, Phlyctimantis et Kassina au Zaire. Ann. Musée R. Afr. Centrale. Série Octavo Sci. Zool. 1976,
213,1-67.

Laurent, R.F. Noveaux commentaires sur la superespece Hyperolius viridiflavus (Anura). Ann. Musée R. Afr. Cent. Série Octavo Sci.
Zool. 1976, 213, 69-114.

Laurent, R. Le genre Afrixalus Laurent (Hyperoliidae) en Afrique Centrale. Ann. Musée R. Afr. Cent. Série Octavo Sci. Zool. 1982,
235, 1-58.

Laurent, R.F. La superespéce Hyperolius viridiflavus (Duméril & Bibron, 1841) (Anura Hyperoliidae) en Afrique Centrale. Monit.
Zool. Ital. N.S. Suppl. 1983, 18, 1-93.

Laurent, R.E. About the herpetofauna of central African montane forest. In Advances in Herpetology and Evolutionary Biology. Essays
in Honor of Ernest E. Williams; Rhodin, A.G.]., Miyata, K., Eds.; Museum of Comparative Zoology: Cambridge, MA, USA, 1983; pp.
350-358.

Stewart, M.M.; Halloy, M. Raymond Laurent. Copeia 2002, 2002, 245-247. [CrossRef]

Hinkel, H. Herpetofauna. In Natur Ruandas/La Nature du Rwanda—Einfiihrung in Die Flora und Fauna Ruandas und Ihre Wichtigsten
Biotopsysteme; Fischer, E., Hinkel, H., Eds.; Ministerium des Inneren und fiir Sport, Rheinland-Pfalz: Mainz, Germany, 1992.
Hinkel, H. Zur Biogeographie und Okoethologie der Reptilienfauna von Montanen Feuchtwéldern in Ruanda und Ost-Zaire
unter Berticksichtigung der Amphibien. Ph.D. Thesis, Johannes-Gutenberg-Universitit Mainz, Mainz, Germany, 1993.

Hinkel, H. Zur Flora und Fauna der Wélder Ruandas/Zentralafrika III. Der Nyungwe-Wald, Teil 2: Kommentierte Artenliste der
Herpetofauna des Nyungwe-Waldes mit Neunachweisen. Mainz. Nat. Arch. 1996, 34, 55-81.

Nussbaum, R.A.; Hinkel, H. Revision of East African Caecilians of the genera Afrocaecilia Taylor and Boulengerula Tornier
(Amphibia: Gymnophiona: Caeciliaidae). Copeia 1994, 1994, 750-760. [CrossRef]

Measey, G.J.; Hinkel, H.H.; Dumbo, B.; Fischer, E. Rediscovery of Boulengerula fischeri, with notes on its morphology and habitat.
Afr. ]. Herpetol. 2011, 60, 47-59. [CrossRef]

Roelke, C.E.; Mehdibeigi, R.; Smith, E.N. Tadpole of the Frog, Leptopelis karissimbensis, from Rwanda (Anura: Arthroleptidae). J.
Herpetol. 2009, 43, 362-366. [CrossRef]

Holting, M.; Bohme, W.; Schmitz, A. Range extension for the treefrog Leptopelis karissimbensis Ahl, 1929 in Rwanda (Anura:
Arthroleptidae). Herpetol. Notes 2009, 2, 45-47.

Roelke, C.E.; Greenbaum, E.; Kusamba, C.; Aristote, M.M.; Smith, E.N. Systematics and Conservation Status of Two Distinct
Albertine Rift Treefrogs, Leptopelis karissimbensis and Leptopelis kivuensis (Anura: Arthroleptidae). . Herpetol. 2011, 45, 343-351.
[CrossRef]

Roelke, C.E.; Smith, E.N. Herpetofauna, Parc National des Volcans, North province, Republic of Rwanda. Check List 2010, 6,
525-531. [CrossRef]

Sinsch, U.; Greenbaum, E.; Kusamba, C.; Lehr, E. Rapid Assessment of montane anuran communities in the Albertine Rift:
Hyperolius castaneus Ahl, 1931 as an umbrella species for conservation. Afr. Zool. 2011, 46, 320-333. [CrossRef]

Greenbaum, E.; Sinsch, U.; Lehr, E.; Valdez, E; Kusamba, C. Phylogeography of the reed frog Hyperolius castaneus (Anura:
Hyperoliidae) from the Albertine Rift of Central Africa: Implications for taxonomy, biogeography and conservation. Zootaxa 2013,
3731, 473-494. [CrossRef]

Menegon, M. Amphibians and Reptiles of Nyungwe National Park: A Preliminary Report; Wildlife Conservation Society: Bronx, NY,
USA, 2008; pp. 1-4.

Gower, D.J.; Papadopoulou, A.; Doherty-Bone, T.M.; Pupin, F.; San Mauro, D.; Loader, S.P.; Wilkinson, M. The systematics of
Boulengerula fischeri (Amphibia: Gymnophiona: Caeciliidae) based on morphological and molecular data. Zootaxa 2011, 2767,
14-24. [CrossRef]

Pupin, E; Hiigli, D.; Loader, S.; Sekisambu, R.; Menegon, M. Baseline for Amphibian Monitoring in Some Albertine Rift Sites; 2012; p.
67.


https://doi.org/10.2307/2406356
https://doi.org/10.1643/0045-8511(2002)002[0245:RL]2.0.CO;2
https://doi.org/10.2307/1447192
https://doi.org/10.1080/21564574.2011.564659
https://doi.org/10.1670/08-177R2.1
https://doi.org/10.1670/10-092.1
https://doi.org/10.15560/6.4.525
https://doi.org/10.3377/004.046.0211
https://doi.org/10.11646/zootaxa.3731.4.3
https://doi.org/10.11646/zootaxa.2767.1.2

Diversity 2023, 15, 512 77 of 81

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Liedtke, H.C.; Hiigli, D.; Dehling, ].M.; Pupin, F; Menegon, M.; Plumptre, A.J.; Kujirakwinja, D.; Loader, S.P. One or two species?
On the case of Hyperolius discodactylus Ahl, 1931 and H. alticola Ahl, 1931 (Anura: Hyperoliidae). Zootaxa 2014, 3768, 253-290.
[CrossRef]

Liedtke, H.C.; Miiller, H.; Rodel, M.-O.; Menegon, M.; Gonwouo, L.N.; Barej, M.E,; GvoZdik, V.; Schmitz, A.; Channing, A.; Nagel,
P; et al. No ecological opportunity signal on a continental scale? Diversification and life-history evolution of African true toads
(Anura: Bufonidae). Evolution 2016, 70-78, 1717-1733. [CrossRef] [PubMed]

Evans, B.J. Genome evolution and speciation genetics of clawed frogs (Xenopus and Silurana). Front. Biosci. 2008, 13, 4687-4706.
[CrossRef] [PubMed]

Evans, B.J.; Kelley, D.B.; Tinsley, R.C.; Melnick, D.J.; Cannatella, D.C. A mitochondrial DNA phylogeny of African clawed frogs:
Phylogeography and implications for polyploid evolution. Mol. Phylogenet. Evol. 2004, 33, 197-213. [CrossRef] [PubMed]
Evans, B.J.; Carter, T.F,; Tobias, M.L.; Kelley, D.B.; Hanner, R.; Tinsley, R.C. A new species of clawed frog (genus Xenopus) from the
Itombwe Massif, Democratic Republic of the Congo: Implications for DNA barcodes and biodiversity conservation. Zootaxa 2008,
1780, 55-68. [CrossRef]

Evans, B.J.; Greenbaum, E.; Kusamba, C.; Carter, T.F,; Tobias, M.L.; Mendel, S.A.; Kelley, D.B. Description of a new octoploid frog
species (Anura: Pipidae: Xenopus) from the Democratic Republic of the Congo, with a discussion of the biogeography of African
clawed frogs in the Albertine Rift. J. Zool. 2011, 283, 276-290. [CrossRef] [PubMed]

Tobias, M.L.; Evans, B.].; Kelley, D.B. Evolution of advertisement calls in African clawed frogs. Behaviour 2011, 148, 519-549.
[CrossRef] [PubMed]

Zimkus, B.M.; Rodel, M.O; Hillers, A. Complex patterns of continental speciation: Molecular phylogenetics and biogeography of
sub-Saharan puddle frogs (Phrynobatrachus). Mol. Phylogenet. Evol. 2010, 55, 883-900. [CrossRef]

Zimkus, B.M.; Schick, S. Light at the end of the tunnel: Insights into the molecular systematics of East African puddle frogs
(Anura: Phrynobatrachidae). Syst. Biodivers. 2010, 8, 39-47. [CrossRef]

Zimkus, B.M.; Lawson, L.P.; Barej, M.; Barratt, C.D.; Channing, A.; Dehling, ] M.; du Preez, L.; Gehring, P.-S.; Greenbaum, E.;
Gvozdik, V; et al. Leapfrogging into new territory: How Mascarene ridged frogs refined their ecological niche to diversify across
Africa and Madagascar. Mol. Phylogenet. Evol. 2016, 106, 254-269. [CrossRef]

Portillo, F.; Greenbaum, E.; Menegon, M.; Kusamba, C.; Dehling, ] M. Phylogeography and species boundaries of Leptopelis
(Anura: Arthroleptidae) from the Albertine Rift. Mol. Phylogenet. Evol. 2015, 82, 75-86. [CrossRef]

Channing, A.; Dehling, ].M.; Loétters, S.; Ernst, R. Species boundaries and taxonomy of the African river frogs (Amphibia:
Pyxicephalidae: Amietia). Zootaxa 2016, 4155, 1-76. [CrossRef]

Bell, R.C,; Parra, J.L.; Badjedjea, G.; Barej, M.E.; Blackburn, D.C.; Burger, M.; Channing, A.; Dehling, ].M.; Greenbaum, E.; Gvozdik,
V.; et al. Idiosyncratic responses to climate-driven forest fragmentation and marine incursions in reed frogs from Central Africa
and the Gulf of Guinea Islands. Mol. Ecol. 2017, 26, 5223-5244. [CrossRef]

Portik, D.M.; Bell, R.C.; Blackburn, D.C.; Bauer, A.M.; Barratt, C.D.; Branch, W.R.; Burger, M.; Channing, A.; Colston, T.J;
Conradie, W.,; et al. Sexual dichromatism drives diversification within a major radiation of African amphibians. Syst. Biol. 2019,
68, 859-875. [CrossRef] [PubMed]

Sinsch, U.; Limkemann, K.; Rosar, K.; Schwarz, C.; Dehling, ]. M. Acoustic niche partitioning in an anuran community inhabiting
an Afromontane wetland (Butare, Rwanda). Afr. Zool. 2012, 47, 60-73. [CrossRef]

Mindje, M.; Tumushimire, L.; Sinsch, U. Diversity assessment of anurans in the Mugesera wetland (eastern Rwanda): Impact of
habitat disturbance and partial recovery. Salamandra 2020, 56, 27-38.

Tumushimire, L.; Mindje, M.; Sinsch, U.; Dehling, ]. M. Anuran diversity of cultivated wetlands in Rwanda: Melting pot of
generalists? Salamandra 2020, 56, 99-112.

Dehling, D.M.; Dehling, ].M. Elevated alpha diversity in disturbed sites obscures regional decline and homogenization of
amphibian diversity. Sci. Rep. 2023, 13, 1710. [CrossRef] [PubMed]

Dehling, .M. An African glass frog: A new Hyperolius species (Anura: Hyperoliidae) from Nyungwe National Park, southern
Rwanda. Zootaxa 2012, 3391, 52—64. [CrossRef]

Dehling, ].M. Hyperolius discodactylus (Disc-fingered Reed Frog). Parachuting. Herpetol. Rev. 2012, 43, 463.

Channing, A.; Hillers, A.; Lotters, S.; Rodel, M.O.; Schick, S.; Conradie, W.; Rédder, D.; Mercurio, V.; Wagner, P.; Dehling, ].M.; et al.
Taxonomy of the super-cryptic Hyperolius nasutus group of long reed frogs of Africa (Anura: Hyperoliidae), with descriptions of
six new species. Zootaxa 2013, 3620, 301-350. [CrossRef]

Lehr, E.; Dehling, ]. M.; Greenbaum, E.; Sinsch, U. Embryogenesis and tadpole description of Hyperolius castaneus Ahl, 1931 and H.
jackie Dehling, 2012 (Anura, Hyperoliidae) from montane bog pools. ZooKeys 2015, 546, 125-152. [CrossRef]

Sinsch, U.; Dehling, ].M. Tropical anurans mature early and die young: Evidence from eight Afromontane Hyperolius species and
a meta-analysis. PLoS ONE 2017, 12, €0171666. [CrossRef]

Dehling, ].M.; Sinsch, U. Partitioning of morphospace in larval and adult reed frogs (Anura: Hyperoliidae: Hyperolius) of the
Central African Albertine Rift. Zool. Anz. 2019, 280, 65-77. [CrossRef]

Greenbaum, E.; Portik, D.M.; Allen, K.E.; Vaughan, E.R.; Badjedjea, G.; Barej, M.E,; Behangana, M.; Conkey, N.; Dumbo, B.;
Gonwouo, L.N,; et al. Systematics of the Central African spiny reed frog Afrixalus laevis (Anura: Hyperoliidae), with the
description of two new species from the Albertine Rift. Zootaxa 2022, 5174, 201-232. [CrossRef]


https://doi.org/10.11646/zootaxa.3768.3.2
https://doi.org/10.1111/evo.12985
https://www.ncbi.nlm.nih.gov/pubmed/27312525
https://doi.org/10.2741/3033
https://www.ncbi.nlm.nih.gov/pubmed/18508539
https://doi.org/10.1016/j.ympev.2004.04.018
https://www.ncbi.nlm.nih.gov/pubmed/15324848
https://doi.org/10.11646/zootaxa.1780.1.2
https://doi.org/10.1111/j.1469-7998.2010.00769.x
https://www.ncbi.nlm.nih.gov/pubmed/21546992
https://doi.org/10.1163/000579511X569435
https://www.ncbi.nlm.nih.gov/pubmed/24723737
https://doi.org/10.1016/j.ympev.2009.12.012
https://doi.org/10.1080/14772000903543004
https://doi.org/10.1016/j.ympev.2016.09.018
https://doi.org/10.1016/j.ympev.2014.09.024
https://doi.org/10.11646/zootaxa.4155.1.1
https://doi.org/10.1111/mec.14260
https://doi.org/10.1093/sysbio/syz023
https://www.ncbi.nlm.nih.gov/pubmed/31140573
https://doi.org/10.1080/15627020.2012.11407524
https://doi.org/10.1038/s41598-023-27946-0
https://www.ncbi.nlm.nih.gov/pubmed/36720891
https://doi.org/10.11646/zootaxa.3391.1.4
https://doi.org/10.11646/zootaxa.3620.3.1
https://doi.org/10.3897/zookeys.546.6044
https://doi.org/10.1371/journal.pone.0171666
https://doi.org/10.1016/j.jcz.2019.04.003
https://doi.org/10.11646/zootaxa.5174.3.1

Diversity 2023, 15, 512 78 of 81

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.
108.

109.
110.
111.
112.
113.
114.
115.
116.

117.

Dehling, ].M.; Mindje, M.; Dumbo, B.; Hinkel, H.; Hinkel, H.; Sinsch, U. Advertisement call and notes on the ecology of Afrixalus
orophilus (Anura: Hyperoliidae) in Rwanda. Salamandra 2023, 59, 102-105.

Dehling, J.M.; Sinsch, U. Diversity of Ridged Frogs (Anura: Ptychadenidae: Ptychadena spp.) in wetlands of the upper Nile in
Rwanda: Morphological, bioacoustic, and molecular evidence. Zool. Anz. 2013, 253, 143-157. [CrossRef]

Dehling, ].M.; Sinsch, U. Diversity of Ptychadena in Rwanda and taxonomic status of P. chrysogaster Laurent, 1954 (Ampbhibia,
Anura, Ptychadenidae). ZooKeys 2013, 356, 69-102. [CrossRef]

Dehling, ].M.; Mindje, M.; Sinsch, U. New records and advertisement calls of Ptychadena from Rwanda. Salamandra 2023, 59,
42-50.

Scheid, P.; Balczun, C.; Dehling, ].M.; Ammon, A_; Sinsch, U. Rhinosporidiosis in African Reed Frogs (Hyperolius spp.) caused by
a new species of Rhinosporidium. Dis. Aquat. Org. 2015, 115, 111-120. [CrossRef] [PubMed]

Sinsch, U.; Dehling, ].M.; Scheid, P.; Balczun, C. A new African species of parasitic Dero (Annelida, Clitellata, Naididae) in the
urinary tract of reed frogs. Parasitol. Res. 2019, 118, 3359-3370. [CrossRef] [PubMed]

Sinsch, U.; Dehling, ].M.; Scheid, P.; Balczun, C. Molecular diversity of nematode parasites in Afrotropical reed frogs (Hyperolius
spp.): Linking morphological identification and sequences of marker genes. Diversity 2020, 12, 265. [CrossRef]

Sinsch, U.; Dehling, ].M.; Scheid, P.; Balczun, C. Alternative development strategies of Clinostomum chabaudi (Digenea) metacer-
cariae in frog hosts (Hyperolius spp.). Diversity 2021, 13, 93. [CrossRef]

Sinsch, U.; Balczun, C.; Scheid, P.; Dehling, ].M. Component endoparasite communities mirror life-history specialization in
syntopic Reed Frogs (Hyperolius spp.). Diversity 2021, 13, 669. [CrossRef]

AmphibiaWeb. University of California: Berkeley, CA, USA, 2022. Available online: https://amphibiaweb.org (accessed on 27
December 2022).

Burgess, N.; Hales, J.A.; Underwood, E.; Dinerstein, E.; Olson, D.; Itoua, I; Schipper, J.; Ricketts, T.; Newman, K. Terrestrial
Ecoregions of Africa and Madagascar: A Conservation Assessment; Island Press: Washington, DC, USA, 2004.

Blackburn, D.C. Biogeography and evolution of body size and life history of African frogs: Phylogeny of squeakers (Arthroleptis)
and long-fingered frogs (Cardioglossa) estimated from mitochondrial data. Mol. Phylogenet. Evol. 2008, 49, 806-826. [CrossRef]
Dehling, J.M. On the identities of two enigmatic reed frog taxa from South Sudan, Rappia papyri Werner, 1908 and Rappia
pachyderma Werner, 1908 (Anura: Hyperoliidae). Herpetozoa 2015, 28, 39-47.

Schneider, H.; Sinsch, U. Contributions of bioacoustics to the taxonomy of Anura. In Amphibian Biology—Phylogeny and Systematics;
Heatwole, H., Tyler, M.]., Eds.; Surrey Beatty & Sons: Shipping Norton, UK, 2007; Volume 7, pp. 2893-2932.

Kohler, ].; Jansen, M.; Rodriguez, A.; Kok, PJ.R.; Toledo, L.E; Emmrich, M.; Glaw, F; Haddad, C.E.B.; Rodel, M.-O.; Vences, M.
The use of bioacoustics in anuran taxonomy: Theory, terminology, methods and recommendations for best practice. Zootaxa 2017,
4251, 1-124. [CrossRef]

Blackburn, D.C. A new squeaker frog (Arthroleptidae: Arthroleptis) from the Cameroon volcanic line with redescriptions of
Arthroleptis adolfifriederici Nieden, 1911 “1910” and A. variabilis Matschie, 1893. Breviora 2009, 515, 1-22. [CrossRef]

TUCN SSC Amphibian Specialist Group. Arthroleptis adolfifriederici. The IUCN Red List of Threatened Species 2014:
E.T54364A3014681. Available online: https://www.iucnredlist.org/species/54364 /3014681 (accessed on 12 October 2021).
[CrossRef]

Blackburn, D.; Boix, C.; Greenbaum, E.; Fabrezi, M.; Meirte, D.; Plumptre, A.; Stanley, E. The distribution of the Bururi Long-
fingered Frog (Cardioglossa cyaneospila, family Arthroleptidae), a poorly known Albertine Rift endemic. Zootaxa 2016, 4170,
355-364. [CrossRef]

Largen, M.]. Status of genus Leptopelis (Amphibia Anura Hyperoliidae) in Ethiopia, including descriptions of two new species.
Monit. Zool. Italiano. N.S. Suppl. 1977, 9, 85-136. [CrossRef]

Loveridge, A. Notes on East African batrachians, collected 1920-1923, with the description of four new species. Proc. Zool. Soc.
Lond. 1925, 95, 763-791. [CrossRef]

du Preez, L.H.; Carruthers, V. Frogs of Southern Africa—A Complete Guide, 2nd ed.; Struik Nature: Cape Town, South Africa, 2017.
Baptista, N.; Antonio, T.; Branch, W. The herpetofauna of Bicuar National Park and surroundings, southwestern Angola: A
preliminary checklist. Amphib. Reptile Conserv. 2019, 13, 96-130.

Demaya, G.S.; Mungu, M.K.; Dendi, D.; Di Vittorio, M.; Luiselli, L. A preliminary study on the amphibian community structure
in South Sudan (East Africa). Russ. J. Herpetol. 2019, 26, 225-234. [CrossRef]

Schmidt, K.; Inger, R. Amphibians exclusive of the genera Afrixalus and Hyperolius. In Exploration du Parc National de I’'Upemba;
Institut des Parcs Nationaux du Congo Belge: Bruxelles, Belgium, 1959; Volume 56, pp. 1-294.

Poynton, J.C.; Broadley, D.G. Amphibia Zambesiaca 4. Bufonidae. Ann. Natal Mus. 1988, 29, 447-490.

Hulselmans, J. Preliminary notes on African Bufonidae. Rev. Zool. Bot. Afr. 1970, 81, 149-154.

Mercurio, V. Amphibians of Malawi; Edition Chimaira: Frankfurt am Main, Germany, 2011.

Loveridge, A. Eight new toads of the genus Bufo from east and central Africa. Occas. Pap. Boston Soc. Nat. Hist. 1932, 8, 43-54.
Loveridge, A. African reptiles and amphibians in Field Museum of Natural History. Zool. Ser. Field Mus. Nat. Hist. 1936, 22,
5-111.

Loveridge, A. On a second collections of reptiles and amphibians taken in Tanganyika Territory by C. J. P. Ionides, Esq. J. East Aft.
Nat. Hist. Soc. 1955, 22, 168-198.

Schietz, A. The voices of some West African Amphibians. Vidensk. Medd. Fra Dan. Nat. Foren. 1964, 127, 35-83.


https://doi.org/10.1016/j.jcz.2013.08.005
https://doi.org/10.3897/zookeys.356.5878
https://doi.org/10.3354/dao02888
https://www.ncbi.nlm.nih.gov/pubmed/26203882
https://doi.org/10.1007/s00436-019-06532-2
https://www.ncbi.nlm.nih.gov/pubmed/31729575
https://doi.org/10.3390/d12070265
https://doi.org/10.3390/d13020093
https://doi.org/10.3390/d13120669
https://amphibiaweb.org
https://doi.org/10.1016/j.ympev.2008.08.015
https://doi.org/10.11646/zootaxa.4251.1.1
https://doi.org/10.3099/0006-9698-515.1.1
https://www.iucnredlist.org/species/54364/3014681
https://doi.org/10.2305/IUCN.UK.2014-1.RLTS.T54364A3014681.en
https://doi.org/10.11646/zootaxa.4170.2.8
https://doi.org/10.1080/03749444.1977.10736845
https://doi.org/10.1111/j.1096-3642.1925.tb01534.x
https://doi.org/10.30906/1026-2296-2019-26-4-225-234

Diversity 2023, 15, 512 79 of 81

118.

119.

120.
121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.
134.

135.

136.

137.
138.

139.

140.

141.
142.

143.
144.

145.

146.

147.

Perret, J.-L. Les amphibiens du Cameroun. In Zoologische Jahrbiicher, Abt. fiir Systematik, Okologie und Geographie der Tiere; Institut
de Zoologie Universite de Neuchatel: Neuchatel, Switzerland, 1966; Volume 1966, pp. 300-308.

Pagano, A.; Daf, O.S.; Ballouche, A.; Taibi, A.N.; Sinsch, U. Amphibian diversity in Mauritania: A bioacoustic survey in the
Diawling National Park. Salamandra 2022, 58, 317-322.

Inger, R. Mission H. de Saeger. Amphib. Explor. Parc Natl. Garamba 1968, 52, 1-190.

Amiet, ].L. Voix d’Amphibiens camerounais. IV. Raninae: Genres Ptychadena, Hildebrandtia et Dicroglossus. Ann. Fac. Sci. Cameroun
1974, 18, 109-128.

van den Elzen, P; Kreulen, D.A. Notes on the vocalisations of some amphibians from the Serengeti National Park, Tanzania. Bonn.
Zool. Beitriige 1979, 30, 385—403.

Kohler, J.; Scheelke, K.; Schick, S.; Veith, M.; Lotters, S. Contribution to the taxonomy of hyperoliid frogs (Amphibia: Anura:
Hyperoliidae): Advertisement calls of twelve species from East and Central Africa. Afr. Zool. 2005, 40, 127-142.

Pickersgill, M. A redefinition of Afrixalus fulvovittatus (Cope, 1860) and Afrixalus vittiger (Peters, 1876) (Amphibia, Anura
Hyperoliidae). Afr. . Herpetol. 2007, 56, 23-37. [CrossRef]

Jongsma, G.EM.; Tobi, E.; Dixon-MacCallum, G.P; Bamba-Kaya, A.; Yoga, ].-A.; Mbega, J.-D.; Beh, J.-H.M.; Emrich, A.M.;
Blackburn, D.C. Amphibians of Haut-Ogooué Province, southeastern Gabon. Amphib. Reptile Conserv. 2017, 11, 1-23.

Lotters, S.; Schick, S.; Scheelke, K.; Teege, P.; Kosuch, J.; Rotich, D.; Veith, M. Bio-sketches and partitioning of sympatric reed
frogs, genus Hyperolius (Amphibia; Hyperoliidae), in two humid tropical African forest regions. J. Nat. Hist. 2004, 38, 1969-1997.
[CrossRef]

Deichmann, J.L.; Mulcahy, D.G.; Vanthomme, H.; Tobi, E.; Wynn, A.H.; Zimkus, B.M.; McDiarmid, R W. How many species and
under what names? Using DNA barcoding and GenBank data for west Central African amphibian conservation. PLoS ONE 2017,
12, €0187283. [CrossRef] [PubMed]

Schietz, A. Notes on the genus Hyperolius in central République Démocratique du Congo. Alytes 2006, 24, 40-60.

van der Hoek, Y.; Tuyisingize, D.; Eckhardt, W.; Garriga, N.; Derhé, M. A. Spatial variation in anuran richness, diversity, and
abundance across montane wetland habitat in Volcanoes National Park, Rwanda. Ecol. Evol. 2019, 9, 4220-4230. [CrossRef]
[PubMed]

van der Hoek, Y.; Emmanuel, F; Twahirwa, ].C.; Tuyisenge, M.F,; Tuyisingize, D. Amphibian chytrid fungus Batrachochytrium
dendrobatidis detected at high elevations in Volcanoes National Park, Rwanda. Herpetol. Rev. 2019, 50, 727-729.

Channing, A. Colour patterns to sequences: A perspective on the systematics of the Hyperolius viridiflavus group (Anura:
Hyperoliidae) using mitochondrial DNA. Zootaxa 2022, 5134, 301-354. [CrossRef]

Viertel, B.; Lotters, S.; Baumgart, A.; Oberst, M.; Eisenbeis, G.; Veith, M. Larval morphology of reed frogs, Hyperolius kivuensis and
H. viridiflavus, from western Kenya (Amphibia, Hyperoliidae). Rev. Suisse De Zool. 2007, 114, 825-837. [CrossRef]

Ginther, A. Catalogue of the Batrachia Salientia in the Collection of the British Museum; Taylor & Francis: London, UK, 1858.
Boulenger, G.A. Catalogue of the Batrachia Salientia s. Ecaudata in the Collection of the British Museum, 2nd ed.; Taylor and Francis:
London, UK, 1882.

Greenbaum, E.; Kusamba, C.; Luhumyo, M. Geographic distribution: Hyperolius rwandae (Rwanda Long Reed Frog). Herpetol. Rev.
2016, 47, 419.

Guichenot, A. Reptiles. In In Voyage en Abyssinie Exécuté Pendant les Années 1839, 1840, 1841, 1842, 1843 par une Commision
Scientifique Composée de MIM. Théophile Lefebure, Lieutenant de Vaisseau, Chevalier de la Legion d’honneur, A. Petit et Quartin-Dillon,
Docteur-Médecins, Naturalistes du Muséum, Vignaud, dessinateur. Quatriéme partie, Histoire Naturelle. Zoologie, Tome Sixieme; MM. des
Murs, O., Prévost, F., Guichenot, G.-M., Eds.; Arthus Bertrand: Paris, France, 1851; pp. 185-222.

Dehling, ].M. Titel/Das Portrat: Hyperolius viridiflavus. Sauria 2011, 33, 1-2.

Wickler, W.; Seibt, U. Rufen und Antworten bei Kassina senegalensis, Bufo reqularis und anderen Anuren. Z. Tierpsychol. 1974, 34,
524-537.

Streicher, ].W.; Loader, S.P,; Varela-Jaramillo, A.; Montoya, P.; de S4, R.O. Analysis of ultraconserved elements supports African
origins of narrow-mouthed frogs. Mol. Phylogenet. Evol. 2020, 146, 106771. [CrossRef] [PubMed]

Poynton, ].C.; Broadley, D.G. Amphibia Zambesiaca 1. Scolecomorphidae, Pipidae, Microhylidae, Hemisidae, Arthroleptidae.
Ann. Natal Mus. 1985, 26, 503-553.

Wager, V.A. Frogs of South Africa: Their Fascinating Life Stories; Delta Books: Craighall, South Africa, 1986.

Passmore, N.I.; Carruthers, V.C. South African Frogs: A Complete Guide; Witwatersrand University Press: Johannesburg, South
Africa, 1995.

Passmore, N.I. Sound levels of mating calls of some African frogs. Herpetologica 1981, 37, 166-171.

Frétey, T.; Dewynter, M.; Blanc, C.-P. Amphibiens d"Afrique Centrale et d’Angola. CIé de Détermination Illustrée des Amphibiens du
Gabon et du Mbini; Biotope Editions: Méze & Muséum national d’Histoire Naturelle: Paris, France, 2011.

Schouteden, H. Contribution a la faune de reptiles et des batraciens de la région méridionale du Parc Albert (Kivu). Rev. Zool. Bot.
Afr. 1933, 23, 233-238.

Schick, S.; Zimkus, B.M.; Channing, A.; Kohler, J.; Lotters, S. Systematics of ‘Little Brown Frogs’ from East Africa: Recognition of
Phrynobatrachus scheffleri and description of a new species from the Kakamega Forest, Kenya (Amphibia: Phrynobatrachidae).
Salamandra 2010, 46, 24-36.

Poynton, J.C.; Broadley, D.G. Amphibia Zambesiaca 2. Ranidae. Ann. Natal Mus. 1985, 27, 115-181.


https://doi.org/10.1080/21564574.2007.9635551
https://doi.org/10.1080/00222930310001613584
https://doi.org/10.1371/journal.pone.0187283
https://www.ncbi.nlm.nih.gov/pubmed/29131846
https://doi.org/10.1002/ece3.5054
https://www.ncbi.nlm.nih.gov/pubmed/31016000
https://doi.org/10.11646/zootaxa.5134.3.1
https://doi.org/10.5962/bhl.part.80417
https://doi.org/10.1016/j.ympev.2020.106771
https://www.ncbi.nlm.nih.gov/pubmed/32087330

Diversity 2023, 15, 512 80 of 81

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

Peters, W.C.H. Diagnosen neuer Batrachier, welche zusammen mit der frither (24. Juli und 17. August) gegebenen Ubersicht der
Schlangen und Eidechen mitgetheilt werden. Ber. Uber Die Zur Bekanntm. Geeigneten Verh. Koniglich Preuss. Akad. Wiss. Berlin. Aus
Dem Jahre 1854, 1854, 614-628.

Loveridge, A. Zoological Results of a Fifth Expedition to East Africa. IV. Amphibians from Nyasaland and Tete. Bull. Mus. Comp.
Zool. Harv. Coll. Camb. 1953, 110, 325-406.

Vigny, C. The mating calls of 12 species and sub-species of the genus Xenopus (Amphibia: Anura). J. Zool. 1979, 188, 103-122.
[CrossRef]

Fischer, WJ.; Koch, W.A; Elepfandt, A. Sympatry and hybridization between the clawed frogs Xenopus laevis laevis and Xenopus
muelleri (Pipidae). J. Zool. 2000, 252, 99-107. [CrossRef]

Tinsley, R.C. The morphology and distribution of Xenopus vestitus (Anura: Pipidae) in Central Africa. J. Zool. 1975, 175, 473-492.
[CrossRef]

Tinsley, R.C.; Kobel, H.R.; Fischberg, M. The biology and systematics of a new species of Xenopus (Anura: Pipidae) from the
highlands of Central Africa. J. Zool. 1979, 188, 69-102. [CrossRef]

Kobel, H.R.; Loumont, C.; Tinsley, R.C. The extant species. In The Biology of Xenopus; Tinsley, R.C., Kobel, H.R., Eds.; Clarendon
Press: Oxford, UK, 1996; pp. 9-33.

Dehling, ].M. Xenopus victorianus (Lake Victoria Clawed Frog). Larval predation. Herpetol. Rev. 2020, 51, 573.

Channing, A. Amphibians of Central and Southern Africa; Comstock Publishing Associates: Ithaca, NY, USA, 2001.

Channing, A.; Brun, C.; Burger, M.; Febvre, S.; Moyer, D. A new cryptic dainty frog from east Africa (Anura: Ranidae:
Cacosternum). Afr. J. Herpetol. 2005, 54, 139-148. [CrossRef]

Perret, J.-L. Les Hylarana (Amphibiens, Ranidés) du Cameroun. Rev. Suisse Zool. 1977, 84, 841-868. [CrossRef]

Jongsma, G.EM.; Barej, M.F; Barratt, C.D.; Burger, M.; Conradie, W.; Ernst, R.; Greenbaum, E.; Hirschfeld, M.; Leache, A.D.;
Penner, J.; et al. Diversity and biogeography of frogs in the genus Amnirana (Anura: Ranidae) across sub-Saharan Africa. Mol.
Phylogenet. Evol. 2018, 120, 274-285. [CrossRef] [PubMed]

Lotters, S.; Wagner, P.; Bwong, B.A.; Schick, S.; Malonza, PK.; Muchai, V.; Wasonga, D.V.; Veith, M. A Fieldguide to the Amphibians
and Reptiles of the Kakamega Forest; National Museums of Kenya, Herpetology Department: Nairobi, Kenya; University of Mainz,
Zoology Department: Mainz, Germany, 2007.

Greenbaum, E.; Kusamba, C.; Aristote, M.M.; Reed, K.M. Amphibian chytrid fungus infections in Hyperolius (Anura: Hyperoliidae)
from eastern Democratic Republic of Congo. Herpetol. Rev. 2008, 39, 70-73.

Channing, A.; Moyer, D.; Burger, M. Cryptic species of sharp-nosed reed frogs in the Hyperolius nasutus complex: Advertisement
call differences. Afr. Zool. 2002, 37, 91-99. [CrossRef]

Létters, S.; Rotich, D.; Koester, T.E.; Kosuch, J.; Muchai, V.; Scheelke, K.; Schick, S.; Teege, P.; Wasonga, D.V.; Veith, M. What do we
know about the amphibians from the Kenyan central and western highlands? A faunistic and taxonomic review. Salamandra 2006,
42,165-179.

Schiotz, A. Reflections on the Hyperolius nasutus group. Alytes 2006, 24, 61-71.

Schietz, A.; Channing, A.; Largen, M.; Howell, K.; Lotters, S. Hyperolius acuticeps. In IUCN 2008. 2008 IUCN Red List of
Threatened Species. Available online: www.iucnredlist.org (accessed on 9 January 2012).

Ohler, A.; Frétey, T. Going back to Rovuma: The frog fauna of a coastal dry forest, and a checklist of the amphibians of
Mozambique. J. East Afr. Nat. Hist. 2015, 103, 73-124. [CrossRef]

Vences, M.; Kosuch, J.; Rodel, M.O,; Lotters, S.; Channing, A.; Glaw, E; Bohme, W. Phylogeography of Ptychadena mascareniensis
suggests transoceanic dispersal in a widespread African-Malagasy frog lineage. J. Biogeogr. 2004, 31, 593-601. [CrossRef]
Goldberg, S.R.; Bursey, C.R.; Greenbaum, E. Nematodes of Leptopelis christyi and Leptopelis karissimbensis (Anura: Arthroleptidae),
from the Democratic Republic of Congo. Alytes 2016, 33, 21-24.

Poynton, J.C.; Loader, S.P.; Conradie, W.; Rodel, M.-O.; Liedtke, C.H. Designation and description of a neotype of Sclerophrys
maculata (Hallowell, 1854), and reinstatement of S. pusilla (Mertens, 1937) (Amphibia: Anura: Bufonidae). Zootaxa 2016, 4098,
73-94. [CrossRef]

Amiet, ].-L. Notes faunistiques, éthologiques et écologiques sur quelques amphibiens anoures du Cameroun. Ann. Fac. Sci.
Cameroun 1973, 13, 135-161.

TUCN SSC Amphibian Specialist Group. Ptychadena grandisonae . In The IUCN Red List of Threatened Species 2013: E.T54364A3014681;
TUCN: Gland, Switzerland, 2013. [CrossRef]

Andreone, F.; Channing, A.; Drewes, R.; Gerlach, J.; Glaw, F; Howell, K.; Largen, M.; Loader, S.; Lotters, S.; Minter, L. Amphibians
of the afrotropical realm. In Threatened Amphibians of the World; Stuart, S., Hoffman, M., Chanson, J., Cox, N., Berridge, R., Ramani,
P, Young, B., Eds.; Lynx Edicions: Barcelona, Spain, 2008; pp. 59-60.

Frost, D.R. Amphibian Species of the World: An Online Reference; Version 5.4 (8 April 2010), Electronic Database; American Museum
of Natural History: New York, NY, USA, 2010; Available online: http:/ /research.amnh.org/herpetology/amphibia/index.php
(accessed on 14 June 2010).

Channing, A. The status of amphibian decline and conservation in Eastern Africa (Kenya, Uganda, Tanzania, Rwanda, Burundi,
Ethiopia, Eritrea, Sudan, South Sudan, Djibouti). In Status and Threats of Afrotropical Amphibians—Sub-Saharan Africa, Madagascar,
Western Indian Ocean Islands. Amphibian Biology, Volume 11, Part 7. Status of Conservation and Decline of Amphibians: Eastern
Hemisphere; Heatwole, H., Rodel, M.-O., Eds.; Edition Chimaira: Frankfurt am Main, Germany, 2021; pp. 102-120.


https://doi.org/10.1111/j.1469-7998.1979.tb03394.x
https://doi.org/10.1111/j.1469-7998.2000.tb00824.x
https://doi.org/10.1111/j.1469-7998.1975.tb01412.x
https://doi.org/10.1111/j.1469-7998.1979.tb03393.x
https://doi.org/10.1080/21564574.2005.9635527
https://doi.org/10.5962/bhl.part.91429
https://doi.org/10.1016/j.ympev.2017.12.006
https://www.ncbi.nlm.nih.gov/pubmed/29246817
https://doi.org/10.1080/15627020.2002.11657159
www.iucnredlist.org
https://doi.org/10.2982/028.103.0203
https://doi.org/10.1046/j.1365-2699.2003.01031.x
https://doi.org/10.11646/zootaxa.4098.1.3
https://doi.org/10.2305/IUCN.UK.2014-1.RLTS.T54364A3014681.en
http://research.amnh.org/herpetology/amphibia/index.php

Diversity 2023, 15, 512 81 of 81

175.

176.

177.

178.

179.

180.

Largen, M.J. An annotated checklist of the amphibians and reptiles of Eritrea, with keys for their identification. Trop. Zool. 1997,
10, 63-115. [CrossRef]

Largen, M.]. Catalogue of the amphibians of Ethiopia, including a key for their identification. Trop. Zool. 2001, 14, 307-402.
[CrossRef]

Ayebare, S.; Plumptre, A.J.; Kujirakwinja, D.; Segan, D. Conservation of the endemic species of the Albertine Rift under future
climate change. Biol. Conserv. 2018, 220, 67-75. [CrossRef]

United Nations. Department of Economic and Social Affairs Population Division, World Population Prospects 2022. Available
online: https://www.un.org/en/desa (accessed on 10 January 2023).

Rwanda Environment Management Authority (REMA). 2022. Available online: https://www.rema.gov.rw (accessed on 10
January 2023).

African Parks. 2022. Available online: https://de.africanparks.org/die-parks/akagera (accessed on 10 January 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/03946975.1997.10539328
https://doi.org/10.1080/03946975.2001.10531159
https://doi.org/10.1016/j.biocon.2018.02.001
https://www.un.org/en/desa
https://www.rema.gov.rw
https://de.africanparks.org/die-parks/akagera

	Introduction 
	Materials and Methods 
	Study Area 
	Diagnostic Features for Species Identification 
	External Morphology 
	Vocalizations 

	Distribution, Habitat Preferences, and Ecology 
	Species Conservation Status and Population Trend 
	Community Features 

	Accounts of Species in Rwanda 
	Species with Validated Country Record 
	Arthroleptis adolfifriederici Nieden, 1911 (Figures 2A and 3A) 
	Arthroleptis schubotzi Nieden, 1911 (Figures 2B and 3B) 
	Arthroleptis sp. 
	Cardioglossa cyaneospila Laurent, 1950 (Figure 2C) 
	Leptopelis bocagii (Günther, 1865) (Figures 2D and 3C) 
	Leptopelis cf. cynnamomeus (Bocage, 1893) (Figure 2E) 
	Leptopelis karissimbensis Ahl, 1929 (Figures 2F and 3D) 
	Leptopelis kivuensis Ahl, 1929 (Figures 2G and 3E) 
	Schismaderma carens (Smith, 1848) (Figures 4A and 5A) 
	Sclerophrys berghei (Laurent, 1950) comb. nov. (Figures 4B and 5B) 
	Sclerophrys gutturalis (Power, 1927) (Figures 4C and 5C) 
	Sclerophrys kisoloensis (Loveridge, 1932) (Figures 4D and 5D) 
	Hoplobatrachus occipitalis (Günther, 1858) (Figures 2H and 3F) 
	Afrixalus orophilus (Laurent, 1947) (Figures 6A and 7A) 
	Afrixalus phantasma Dehling, Greenbaum, Kusamba & Portik in Greenbaum et al., 2022 (Figures 6B and 7B) 
	Afrixalus quadrivittatus (Werner, 1908) (Figures 6C and 7C) 
	Callixalus pictus Laurent, 1950 (Figure 6D) 
	Hylambates verrucosus Boulenger, 1912 (Figures 6E and 7D) 
	Hyperolius castaneus Ahl, 1931 (Figures 6F and 7F) 
	Hyperolius cinnamomeoventris Bocage, 1866 (Figures 6G and 7G) 
	Hyperolius discodactylus Ahl, 1931 (Figures 6H and 7H) 
	Hyperolius frontalis Laurent, 1950 (Figures 8A and 9A) 
	Hyperolius glandicolor Peters, 1878 (Figures 8B and 9B) 
	Hyperolius jackie Dehling, 2012 (Figures 8C and 9C) 
	Hyperolius kivuensis Ahl, 1931 (Figures 8D and 9D) 
	Hyperolius lateralis Laurent, 1940 (Figures 8E and 9E) 
	Hyperolius parallelus Günther, 1858 (Figures 8F and 9F) 
	Hyperolius rwandae Dehling, Sinsch, Rödel & Channing in Channing et al., 2013 (Figures 8G and 9G) 
	Hyperolius viridiflavus (Duméril & Bibron, 1841) (Figures 8H and 9H) 
	Kassina senegalensis (Duméril & Bibron, 1841) (Figures 7E and 10A) 
	Phrynomantis bifasciatus (Smith, 1847) (Figures 10B and 11H) 
	Phrynobatrachus acutirostris Nieden, 1912 (Figures 10C and 11A) 
	Phrynobatrachus auritus Boulenger, 1900 (Figure 10D) 
	Phrynobatrachus bequaerti (Barbour & Loveridge, 1929) (Figures 10E and 11B) 
	Phrynobatrachus graueri (Nieden, 1911) (Figure 10F) 
	Phrynobatrachus kakamikro Schick, Zimkus, Channing, Köhler & Lötters, 2010 (Figures 10G and 11C) 
	Phrynobatrachus natalensis (Smith, 1849) (Figures 10H and 11D) 
	Phrynobatrachus sp. A 
	Phrynobatrachus parvulus (Boulenger, 1905) (Figures 11E and 12A) 
	Phrynobatrachus scheffleri (Nieden, 1911) (Figures 11F and 12B) 
	Phrynobatrachus versicolor Ahl, 1924 (Figures 11G and 12C) 
	Phrynobatrachus sp. B 
	Xenopus muelleri (Peters, 1844) (Figures 12D and 13A) 
	Xenopus vestitus Laurent, 1972 
	Xenopus victorianus Ahl, 1924 (Figures 12E and 13B) 
	Xenopus wittei Tinsley, Kobel & Fischberg, 1979 (Figures 12F and 13C) 
	Ptychadena anchietae (Bocage, 1867) (Figures 14A and 15A) 
	Ptychadena chrysogaster Laurent, 1954 (Figures 14B and 15B) 
	Ptychadena guibei Laurent, 1954 (Figures 14C and 15C) 
	Ptychadena nilotica (Seetzen, 1855) (Figures 14D and 15D) 
	Ptychadena oxyrhynchus (Smith, 1849) (Figures 14E and 15E) 
	Ptychadena porosissima (Steindachner, 1867) (Figures 14F and 15F) 
	Ptychadena uzungwensis (Loveridge, 1932) (Figures 14G and 15G) 
	Ptychadena sp. A 
	Ptychadena sp. B 
	Amietia desaegeri (Laurent, 1972) (Figures 16A and 17A) 
	Amietia nutti (Boulenger, 1896) (Figures 16B and 17B) 
	Amietia ruwenzorica (Laurent, 1972) (Figure 16C) 
	Cacosternum plimptoni Channing, Brun, Burger, Febvre & Moyer, 2005 (Figures 14H and 17C) 
	Amnirana albolabris (Hallowell, 1856) (Figure 16D) 
	Amnirana galamensis (Duméril & Bibron, 1841) (Figures 16E and 17D) 
	Boulengerula fischeri Nussbaum & Hinkel, 1994 (Figure 16F) 

	Species without Validated Country Record That Have Been Presumed to Occur in Rwanda 

	Features of Amphibian (Meta)Communities 
	Local Community Structure 
	Delimitation of Altitudinal Metacommunities 
	Life-History Features in Lowland and Highland Metacommunities 
	Vulnerability of Lowland and Highland Metacommunities. 

	Discussion 
	Amphibian Diversity in East Africa focussing on Rwanda 
	Conservation Status of the Amphibian Diversity in Rwanda 

	Conclusions 
	References

