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Abstract: This article provides the first data on amphibian diversity in the Yoko Forest Reserve,
located in the Democratic Republic of the Congo. During twenty-four field sampling campaigns
organized over a period of twelve months, amphibians were collected from nocturnal surveys
supported by three techniques: visual spotting using a headlamp, systematic searching of habitats
and acoustic hearing of vocalizations. A total of 5707 amphibians in 10 families, 17 genera and
33 species were recorded throughout the study area. The Hyperoliidae and Arthroleptidae families
were the most diverse, with Amnirana albolabris (Ranidae) the most abundant species, followed
by Phrynobatrachus auritus (Phrynobatrachidae). By contrast, Afrixalus quadrivittatus, A. equatorialis,
Arthroleptis tuberosus, A. variabilis, Cryptothylax greshoffi, Hyperolius langi, H. ocellatus, H. parallelus,
Hyperolius sp., Hoplobatrachus occipitalis, Kassina maculosa, Leptopelis calcaratus, Nectophryne batesii,
Phrynobatrachus perpalmatus, Sclerophrys gracilipes and S. gutturalis were less frequent. For the first
time, Amietia nutti and Kassina maculosa have been reported in Congolese forests. Amphibian species
known from the YFRE are widely distributed in Central African forests, and particularly in the
Democratic Republic of the Congo, where A. equatorialis, H. langi, H. parallelus and Ptychadena christyi
are endemic.

Keywords: amphibians; Yoko forest reserve; endemism

1. Introduction

Amphibians are a widely distributed and diverse taxon, with 8742 known species [1],
of which 969 and 336 species have been inventoried in the Afro-tropical region [2] and in
Central Africa, respectively [3,4]. Congolese forests are home to 254 amphibian species, of
which 59 are endemic [1].

Despite their great diversity, knowledge of amphibians remains limited in many
parts of the world [5–8]. However, wherever they occur, they are disappearing at an
alarming rate, mainly as a result of human activities [9,10]. As a biodiversity hotspot,
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the Democratic Republic of the Congo (DRC) is particularly concerned by this situation.
The literature on amphibians reveals a number of studies that have been carried out in
the DRC. Some of these have described a few genera [11,12], while others have focused
on specific compositions [13–16]. This disappearance of amphibians also concerns the
forest areas surrounding the city of Kisangani, which have been altered by slash-and-
burn agriculture and timber exploitation, hence threatening biodiversity, which remains
insufficiently understood. It is in this context that the present study was carried out in the
Yoko Forest Reserve (YFRE) in order to document the presence and diversity of amphibians.

Although amphibian diversity in the YFRE has not yet been entirely described, the
available literature [17,18] suggests that the amphibian fauna in this forest ecosystem is
rather diverse. Of all known amphibian species, Amnirana albolabris and A. galamensis are
the most abundant, due to their wide distribution in sub-Saharan Africa and their ability to
cross geographical barriers and forest refuges [19]. These species could also be the most
abundant in the YFRE, located in the vicinity of the town of Kisangani, an area intersecting
the East-Central and South-Central faunal regions of the Congo Basin, which are reputed to
be very rich in animal species [20,21]. It is therefore assumed that the Reserve would host a
higher species richness than other Central African forests. Given that the fauna expected
in the various Central African forest blocks are different, there should be little similarity
between the YFRE and the other Central African forests. On the other hand, a high degree
of similarity is expected between the YFRE and comparable sites in the DRC, due to a
large number of common species. Considering the research carried out in Africa [22,23],
which limits the distribution of certain species to Central Africa and particularly to the
DRC, we can expect endemism rates in the YFRE similar to those found in other Central
African forests.

This study aimed to determine the diversity of amphibians in the YFRE. The objectives
were to provide initial information on the specific composition and richness of amphibians
in order to create a checklist for the study area, and to compare this with data from
reference studies carried out in other forest blocks in the DRC and Central Africa as a whole.
The YFRE is one of the forest ecosystems located around the city of Kisangani, and the
amphibian species it harbors provide a motivation for understanding the ecological roles
of forests in the Kisangani region.

2. Materials and Methods

The YFRE is located near the equator, between 0◦15′ and 0◦20′ N and 25◦14′ and
25◦20′ E [24], on the road connecting Kisangani with Ubundu, in the Tshopo Province
(Figure 1). It is characterized by an average annual temperature of 25 ◦C, an average annual
rainfall of 1750 mm and by the absence of dry months [25]. As throughout the Kisangani
region, rainfall throughout the year is interrupted by two sub-dry seasons. The long rainy
season runs from September to December and the short rainy season covers the months
from March to June. On the other hand, the long sub-dry season extends through January
and February and the short sub-dry season covers July and August [26,27]. Vegetation
is dominated by original forest flora interspersed with fallow land and fields resulting
from human activity. Thus, from one place to another there are pockets of primary forest
dominated by Manniophyton fulvum Mull. Arg (Euphorbiaceae), Trilepisium madagascariense
Dc. (Moraceae), Vitex congolensis De Wild. & Th. Dur. (Lamiaceae), Pterocarpus soyauxii
Taub. (Fabaceae), Zanthoxylum gilletii (De Wild.) P.G. Waterman (Rutaceae), Chrysophyllum
pruniforme Pierre ex Engler. (Sapotaceae), Anonidium mannii (Oliver) (Engler & Diels)
(Annonaceae), Microdesmis yafungana J. Léonard (Pandaceae), Scaphopetalum thonneri De
Wild. & Th. Dur. (Malvaceae), Diospyros melocarca F. White (Ebenaceae), Heisteria parviflora
Smith. (Olacaceae), Megaphrynium macrostachyum (Bentham) Milne-Redh and Marantochloa
mannii (Bentham) Milne-Redh (Maranthaceae). The hydrographic network is dominated
by rivers, the most important of which are the Yoko and Biaro streams. They receive water
from numerous small streams and rivers before discharging into the Congo River. The
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Yoko River, which gave the studied reserve its name, flows from west to east, dividing the
study zone into two blocks, north and south.
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Figure 1. Location map of the Yoko Forest Reserve in the Kisangani region, Tshopo Province,
Democratic Republic of the Congo. Data sources: background (https://mt1.google.com/vt/lyrs=s&
x={x}&y={y}&z={z}, accessed on 15 February 2023; city, railway, roads, rivers and Yoko border layers
(RGC: https://www.rgc.cd, accessed on 15 February 2023).

Data were collected in twenty-four field campaigns, situated over a twelve-month period
from December 2020 to November 2021, with two six-day campaigns per month. The method
used for data collection was nocturnal capture. It was supported by three techniques, includ-
ing visual survey, systematic excavation of habitats using a headlamp and acoustic survey
by hearing vocalizations. According to [28], the first two techniques are less sensitive
to individual detection and less subject to gender bias, while the third technique favors
male detectability. Specimens were collected manually over a period of three consecutive
months and, once identification had been mastered, only doubtful specimens or those
belonging to species not yet recorded were collected. After having removed the tissues
needed for genetical analysis, unknown specimens were euthanized, labeled, fixed with 4%
formalin and preserved in 70% alcohol. They were identified at the Centre de Surveillance
de la Biodiversité and deposited at the Laboratoire d’Ecologie et Gestion des Ressources
animales at the University of Kisangani, located in the city of Kisangani (0◦30′34.3′′ N,
25◦11′31.2′′ E), DRC. The remaining specimens were regularly released after a simple,
standard pre-marking procedure involving permanent dyes applied to the head or back
of the individuals, in accordance with the capture-mark-recapture method [29,30]. From
the seventh session onwards, individuals belonging to known species were photographed
in situ. They were then identified based upon the descriptions in [23,31–37] before being
released. During collection, data were transcribed onto specially designed cards and then
digitized for further analyses.

To determine the diversity of amphibians in the study area, Simpson’s index (Ds
or 1-D) was calculated from Equation (1). This is one of the most significant and robust
measures of diversity, summarizing the state of biodiversity in the study area [17,18].

DS = 1 −
S

∑
i=1

(pi)
2 (1)
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where pi is the proportion of individuals of species i (pi = ni/N, where ni is the number
of individuals of species i and N is the total number of individuals collected). The values
obtained can vary between 0 (only one species present) and ~1 (same abundance for all
species); they provide information on the probability that two individuals taken at random
from a given stand belong to two different species. In this way, we expect to obtain a value
close to 1 (hypothesis 1) because the abundance is expected to be the same for all species
present in the study area, and since the surveyed zone is assumed to be very diverse. The
rarefaction curve [38–40] was generated to assess the effectiveness of the sampling based
on the species richness obtained. It shows whether the study has counted all the species
present in the environment, or whether there are certain species that may have escaped
sampling. According to [41], its growth is expected at the start of the captures, followed by
its flattening out because the sampling effort is sufficient, indicating that the number of
species found is representative of the study area.

To test whether all species are equally abundant or not (hypothesis 2), we calculated
species abundances as a percentage of each species in the total catch of individuals. To
compare the species richness of the YFRE with the other study areas, a rank distribution of
species richness was made so that it could be used to rank the sites compared according to
species richness. We compared species richness among several areas to see where the YFRE
ranked. We expected the YFRE, due to its size and location, to rank at an intermediate
position among several areas compared (hypothesis 3). To detect similarities between
this study and others that have been carried out in the DRC and Central Africa, Jaccard’s
dissimilarity was calculated using formula (2) [42]. We expected to find the areas concerned
grouped in more than one group based on geography and species richness (hypothesis 4).
This is an asymmetrical binary coefficient [42,43] chosen because quantitative data could not
be collected from the comparative studies; as only species lists were available, comparisons
could only be made based on presence–absence data. The asymmetry of Jaccard’s index is
important since the comparison of double absences would be meaningless in this study.

S7 =
a

(a + b + c)
(2)

where S7 represents Jaccard’s similarity; a represents the number of species present in two
sites; and b and c are the number of species present in one site but not in the other. Thus,
dissimilarity was calculated from relationship (3). The need to use this dissimilarity comes
from the fact that in the analyses we used the “vegan 2.6.4” software package and the
“vegdist” function, with the latter always outputting the dissimilarity [42,43].

D = 1 − S7 (3)

To calculate similarities between the studies compared in this article, all unidentified
species were removed from the analyses. However, unidentified species were considered to
establish the ranks of specific richness, as well as in the calculation of endemism rates. The
choice of the UPGMA (unweighted pair group method with arithmetic mean) grouping
method was determined by the value of the cophenetic correlation coefficient. Indeed,
the highest value of the cophenetic correlation coefficient indicates the grouping method
that best represents the information present in the dissimilarity matrix [42,43]. Endemism
rates were obtained by dividing the number of endemic species found in a study by the
total number of species recorded in the same study. We expected the YFRE to score higher
than other areas tested regarding the rate of endemism (hypothesis 5). For this, we calcu-
lated and compared the endemism percentage in each site. The endemicity of species in
Central Africa and the DRC was determined using data provided by [22,23]. Field data
were processed in Excel 2016. Past 4.13 software was used to generate the rarefaction
curve. All subsequent analyses were carried out using R.4.3.1 software (through RStudio
2023.12.1+402) [44]. Simpson’s diversity index was calculated using the “BiodiversityR
2.15-3” package. Dissimilarities between studies were calculated using the “Vegan 2.6-4”
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package and the “vegdist” function [45]. However, the dendrogram illustrating dissimilari-
ties between the studies compared was produced using the “factoextra 1.0.7” package [46].
The graph illustrating specific richness ranks was adapted from that on abundance ranks
proposed by [47], using the “BiodiverstyR” package. The location maps for the YFRE and
the different study areas in Central Africa were produced using, respectively, QGIS 3.16.3
and QGIS 2.18.18.

3. Results

A total of 33 species in 17 genera and 10 families belonging to the Anura order were
recorded in the YFRE (Table 1). All species present in the study area could have been
documented by this study (Figure 2). The most species-rich families were Hyperoliidae
(n = 11; 33.33%) and Arthroleptidae (n = 8; 24.24%), followed by Bufonidae (n = 4; 12.12%),
Ptychadenidae (n = 3; 9.09%) and Phrynobatrachidae (n = 2; 6.06%). All other families were
monospecific (3.03%). These were the Ranidae, Dicroglossidae, Pipidae, Pyxicephalidae
and Rhacophoridae. Figure 3 shows the 33 species present in the YFRE. All species are
in the “Least Concern” category (LC), except for Arthroleptis tuberosus which belongs to
the “Data Deficient” category (DD) according to the IUCN Red List categorizations. For
the first time, species Amietia nutti and Kassina maculosa were recorded in the lowland
forests around the town of Kisangani. Simpson’s index gave a value of 0.841, indicating
that amphibians within the study area are diverse. These data on the amphibian fauna in
the YFRE confirm the first hypothesis of this study.

Table 1. Amphibian species recorded between December 2020 and November 2021 in the Yoko Forest
Reserve (Democratic Republic of the Congo) using three techniques: visual survey (VS), systematic
excavation of habitats (SE) and acoustic survey (AS).

Family Species Techniques

Arthroleptidae Mivart, 1869

Arthroleptis variabilis Matschie, 1893 VS, SE
Arthroleptis tuberosus Anderson, 1905 VS, SE
Leptopelis calcaratus Boulenger, 1906 VS, AS
Leptopelis ocellatus Mocquard, 1902 VS, AS

L. notatus Buchloz & Peters in Peters, 1875 VS, AS
Leptopelis christyi Boulenger, 1912 VS, AS
Leptopelis millsoni Boulenger, 1895 VS, AS

Cardioglossa leucomystax Boulenger, 1903 VS

Bufonidae Gray, 1825

Sclerophrys gutturalis Power, 1927 VS, AS
Sclerophrys pusilla Mertens, 1937 VS, AS

Sclerophrys gracilipes Boulenger, 1899 VS, AS
Nectophryne batesii Boulenger, 1913 VS

Dicroglossidae Anderson, 1871 Hoplobatrachus occipitalis Günther, 1858 VS, AS

Hyperoliidae Laurent, 1943

Hylambates verrucosus Boulenger, 1912 VS, AS
Afrixalus quadrivittatus Werner, 1908 VS, AS

Afrixalus osorioi Ferreira, 1906 VS, AS
Afrixalus equatorialis Laurent, 1941 VS, AS
Hyperolius ocellatus Günther, 1858 VS, AS

Hyperolius platyceps Boulenger, 1900 VS, AS
Hyperolius langi Noble, 1924 VS, AS

Hyperolius parallelus Günther, 1858 VS, AS
Hyperolius sp. VS, AS

Cryptothylax greshoffi Schilthuis, 1889 VS
Kassina maculosa Sternfeld, 1917 VS

Phrynobatrachidae Laurent, 1941
Phrynobatrachus auritus Boulenger, 1900 VS

P. perpalmatus Boulenger, 1898 VS
Pipidae Gray, 1825 Xenopus pygmaeus Loumont, 1986 VS, SE
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Table 1. Cont.

Family Species Techniques

Ptychadenidae Dubois, 1987
Ptychadena christyi Boulenger, 1919 VS, SE, AS

Ptychadena perreti Guibe & Lamotte, 1958 VS, SE, AS
P. mascareniensis Duméril & Bibron, 1841 VS, SE, AS

Pyxicephalidae Bonaparte, 1850 Amietia nutti Boulenger, 1896 VS, SE, AS
Ranidae Rafinesque, 1814 Amnirana albolabris Hallowel, 1856 VS, AS

Rhacophoridae Hoffman, 1932 Chiromantis rufescens Günther, 1869 VS, AS
10 families 33 species
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variabilis (1), A. tuberosus (2), Leptopelis calcaratus (3), L. ocellatus (4), L. notatus (5), L. christyi (6),
L. millsoni (7), Cardioglossa leucomystax (8); Bufonidae family: Sclerophrys gutturalis (9), S. pusilla (10),
S. gracilipes (11), Nectophryne batesii (12); Dicroglossidae family: Hoplobatrachus occipitalis (13); Hyper-
oliidae family: Hylambates verrucosus (14), Afrixalus quadrivittatus (15), A. osorioi (16), A. equatorialis (17),
Hyperolius ocellatus (18), H. platyceps (19), H. langi (20), H. parallelus (21), Hyperolius sp. (22), Cryptothylax
greshoffi (23), Kassina maculosa (24); Phrynobatrachidae family: Phrynobatrachus auritus (25), P. perpal-
matus (26); Pipidae family: Xenopus pygmaeus (27); Ptychadenidae family: Ptychadena christyi (28), P.
perreti (29), P. mascareniensis (30); Pyxicephalidae family: Amietia nutti (31); Ranidae family: Amnirana
albolabris (32); Rhacophoridae family: Chiromantis rufescens (33) (photographed by L. Musubaho
(1–8,13–25,27,31–33) and G. Badjedjea (9–12,26,28–30)).

The species rarefaction curve based on the number of individuals collected (Figure 2)
shows that sampling was well representative of the expected amphibian richness for this
reserve, because the data obtained reached the asymptote of the curve. A substantial
decrease in slope was observed as the number of individuals increased. The most abundant
species were found at the beginning, after which only rare species were recorded. The
curve shows that all species present in the YFRE were observed and their number may not
exceed thirty-five despite the additional sampling effort.

A total of 5 707 individuals were collected in the YFRE (Figure 4). Amnirana albolabris
was the most abundant species (n = 1995), followed by Phrynobatrachus auritus (n = 734).
In contrast, Leptopelis calcaratus, Arthroleptis tuberosus, A. variabilis, Sclerophrys gracilipes,
S. gutturalis, Hyperolius sp., H. langi, H. ocellatus, H. parallelus, Afrixalus quadrivittatus, A.
equatorialis, Phrynobatrachus perpalmatus, Hoplobatrachus occipitalis, Cryptothylax greshoffi,
Nectophryne batesii and Kassina maculosa were the least abundant species in the study
area (n < 50). The intermediate abundances were those of Chiromantis rufescens, Amietia
nutti, Ptychadena perreti, P. mascareniensis, P. christyi, Xenopus pygmaeus, Hyperolius platyceps,
Hylambates verrucosus, Afrixalus osorioi, Sclerophrys pusilla, Leptopelis ocellatus, L. notatus,
L. millsoni, L. christyi and Cardioglossa leucomystax. The high abundance of the species
Amnirana albolabris partially confirms the second hypothesis of this study because Amnirana
galamensis is lacking in the YFRE.

The number of species varies between YFRE and studies carried out in different zones
in Central Africa (Figure 5). In descending order, the species richness was as follows:
Mount Nlonako (n = 93), National Parks (n = 88), Gamba Complex of Protected Areas
(n = 78), Mount Kupe (n = 72), Okapi Wildlife Reserve (n = 53), Kokolopori (n = 37), Yoko
Forest Reserve (n = 33), Sites Adjacent to three National Parks (n = 28), Bas-Congo (n = 22),
Lokutu (n = 21), Nouabale-Ndoki National Park (n = 20) and Lake Télé Community
Reserve (n = 18).

This variation in species richness between the different studies may be linked to
the size and rate of disturbance of the sites, associated with the methods, the techniques
used and the sampling effort engaged. The fact that the YFRE is characterized by an
intermediate species richness compared to other areas enables a partial confirmation of
the third hypothesis of this study. Nevertheless, Figure 5 shows a grouping of areas with
similar specific richness and geographical locations, as shown in Figure 6.
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Figure 5. Classification of studies carried out in four Central African countries based on their specific
richness. BCON: Bas-Congo [14], KKLP: Kokolopori [16], LOKT: Lokutu [13], OWRE: Okapi Wildlife
Reserve [48], YFRE: Yoko Forest Reserve (our study) in the Democratic Republic of the Congo; MNLO:
Mount Nlonako [49], MKUP: Mount Kupe [50] in Cameroon; NNNP: Nouabale-Ndoki National
Park [51], LTCR: Lake Télé Community Reserve [52] in Congo; GCPA: Gamba Complex of Protected
Areas [53], NATP: National Parks [54], SANP: Sites Adjacent to three National Parks [55] in Gabon.
On the abscissa are the study classes established according to the number of species on the ordinate.
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countries, based on their specific compositions. BCON: Bas-Congo [14], KKLP: Kokolopori [16],
LOKT: Lokutu [13], OWRE: Okapi Wildlife Reserve [48], YFRE: Yoko Forest Reserve (our study) in
the Democratic Republic of the Congo; MNLO: Mount Nlonako [49], MKUP: Mount Kupe [50] in
Cameroon; NNNP: Nouabale-Ndoki National Park [51], LTCR: Lake Télé Community Reserve [52]
in Congo; GCPA: Gamba Complex of Protected Areas [53], NATP: National Parks [54], SANP: Sites
Adjacent to three National Parks [55] in Gabon.

In terms of specific composition, the YFRE shows the lowest dissimilarity (0.575) with
the Kokolopori forest. The Gamba complex of protected areas in Gabon shows a certain
similarity with all other studies carried out in Gabon, and most notably the one carried out
in all protected areas in Gabon, with a similarity of 0.6483 (i.e., a dissimilarity of 3.3517).
The Kupe and Nlonako mountains in Cameroon show a dissimilarity of 0.4712, i.e., a
similarity of 0.5288 (Figure 6). The data provided allow us to group together our study
zone, the Kokolopori forest and the Okapi Wildlife Reserve, all located in the DRC. On
the other hand, Lokutu and Bas-Congo in the DRC are grouped with the Nouabale-Ndoki
National Park and the Lac Télé Community Reserve in the Congo. Cameroon and Gabon
are grouped together because their faunal compositions are similar, an observation based
on studies carried out in both countries. These observations partially confirm the fourth
hypothesis formulated in this study.

Of a total of 33 species recorded in the Yoko RF, six are endemic to Central Africa.
These are Arthroleptis tuberosus, Kassina maculosa, Leptopelis ocellatus, Nectophryne batesii,
Ptychadena perreti and Xenopus pygmaeus. Four species (Afrixalus equatorialis, Hyperolius
langi, H. parallelus and Ptychadena christyi) are endemic to the DRC. The rate of endemism
in Central Africa varies according to the number of species recorded by the various studies
(Table 2). In decreasing order, the rate is 28.6% in sites adjacent to national parks and 23.9%
in all national parks in Gabon; 23.8% at Lokutu in the DRC; 20.4% at Mount Nlonako in
Cameroon; 18.2% in the YFRE in the DRC; 18.1% at Mount Kupe in Cameroon; 16.7% in
the Lac Télé Community Reserve in Congo and the Gamba Protected Area Complex in
Gabon; 16.2% in the Kokolopori Forest in DRC; 15.0% in the Nouabale-Ndoki National
Park in Congo; 13.6% in Bas-Congo; and 9.4% in the Okapis Wildlife Reserve in DRC. These
differences may be linked to habitat conditions, with which we associate the influence of
ecological barriers on species distribution.

According to the available literature, there is no pre-existing categorization of the
rate of endemism in Central Africa. Thus, based on the endemism ranking of the YFRE
(6 endemic species out of 33 species recorded, i.e., 18.2%), we consider that this reserve,
being the fifth among so many other surveyed zones, has a rather high rate of endemism. In
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terms of endemism in the DRC (Table 3), a rate of 13.5% was recorded in Kokolopori; 12.1%
in the YFRE; 11.3% in the Okapi Wildlife Reserve; 4.8% in Lokutu; and 4.5% in Bas-Congo.
The fifth hypothesis of this study is hence confirmed by these results, which show that the
YFRE is characterized by an appreciable rate of endemism in the DRC and Central Africa.

Table 2. Amphibian endemism rate in Central Africa based on studies carried out in four countries
(Democratic Republic of the Congo, Cameroon, Republic of the Congo and Gabon). LS: listed species
number; ESCA: endemic species number in Central Africa; %End: endemism rate.

Country DRC Cameroon Congo Gabon

Location KKLP BCON LOKT OWRE YFRE MNLO MKUP NNNP LTCR SANP NATP GCPA

LS 37 22 21 53 33 93 72 20 18 28 88 78
ESCA 6 3 5 5 6 19 13 3 3 8 21 13
%End 16.2 13.6 23.8 9.4 18.2 20.4 18.1 15.0 16.7 28.6 23.9 16.7

Table 3. Amphibian endemism rate in the DRC, assessed through studies carried out in different zones
in the DRC (YFRE, OWRE, LOKT, BCON and KKLP). ESDRC: endemic species in the DRC. BCON:
Bas-Congo [14], KKLP: Kokolopori [16], LOKT: Lokutu [13], OWRE: Okapi Wildlife Reserve [48],
YFRE: Yoko Forest Reserve (our study) in the Democratic Republic of the Congo; MNLO: Mount
Nlonako [49], MKUP: Mount Kupe [50] in Cameroon; NNNP: Nouabale-Ndoki National Park [51],
LTCR: Lake Télé Community Reserve [52] in Congo; GCPA: Gamba Complex of Protected Areas [53],
NATP: National Parks [54], SANP: Sites Adjacent to three National Parks [55] in Gabon.

Country DRC

Location YFRE OWRE LOKT BCON KKLP

LS 33 53 21 22 37
ESDRC 4 6 1 1 5
%End 12.1 11.3 4.8 4.5 13.5

4. Discussion

Amphibian survey methods vary rather significantly [56,57]. The use of nocturnal
capture supported by visual tracking, acoustic hearing and systematic habitat excavation is
justified by its cost-effectiveness in the study by Anurans [41,58,59]. High humidity, moder-
ate temperature and protection from predators [60–62] are factors that explain the intensity
of nocturnal activity in amphibians, as that of their predators gradually slows down with
nightfall. The individuals captured were marked and then released, because conservation
is an issue that requires the maintenance and preservation of ecosystem health.

The rarefaction curve showed an increase in the number of common species at the
start of sampling, which then stabilized as rare species were recorded. According to [40],
rarefaction curves offer an advantage in assessing the specific diversity of a region, as they
enable the number of species recorded to be linked to the sampling effort involved. Like
in [63], the high diversity of the amphibian fauna in the YFRE may be explained by the
availability and abundance of food resources in the various habitats that are specific to
each species. Beyond these factors, [64] indicate that this diversity could be explained
by the resilience of the habitats regarding anthropogenic disturbances. In the YFRE, the
Hyperoliidae and Arthroleptidae families are the most diverse, while the Ranidae family
is richer in individuals than all the other families. These results are confirmed by other
studies carried out in the DRC [13,14,16]. Hyperoliidae and Ranidae are known to be widely
distributed in Central Africa [23,36,65], where they have produced significant adaptive
radiation [22]. The Hyperoliidae family is known throughout sub-Saharan Africa [34].

Of the 455 species of Ranidae known worldwide [1], only Amnirana albolabris occurs
in the YFRE. Its high abundance may be linked to the availability of food and its strategy
to escape from its predators (the species can hide itself in high places in shrubs and
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trees) [66–68]. The habitats of this species and its confinement are recognized in the humid
forests [69,70] to which the forests of the DRC belong. According to [19], frogs of the genus
Amnirana are widely distributed in sub-Saharan Africa, making them a model system for
understanding the geographical distribution of amphibians across the continent.

Amphibians are widely distributed in Africa [22,34,71,72]. Their high species richness
in Central Africa, and particularly in the DRC, confirms the hypothesis that small verte-
brates form a majority across a wide range of habitats [73]. This specific richness varies
with the level of endemism specific to each country [1,23], altitude [74–76], latitude [77] and
climate [78,79] that characterize each study area. In the DRC, for example, this variation is
the result of the ecological conditions of the habitats [80], with which the Congo River and
its tributaries are associated, including effective ecological barriers that have a considerable
impact on species distribution [16,81,82]. Studies carried out to date in the DRC fall far
short of the number of species known there [23] and, in the Afro-tropical region, place the
country second only to Madagascar [2]. The protected status of many Congolese forests
and their inaccessibility could explain why this type of study is rather rare.

Despite their distribution in Africa, amphibians are still largely ignored [83], par-
ticularly in the DRC [7,16]. This ignorance, difficult habitat conditions and differences
in methodological surveys are the probable explanations for the differences in specific
richness observed between different studies. The similarities observed between the studies,
followed by their groupings, are linked to their similar specific richness and composition.
This is reflected in the geographical location of the study areas (Figure 7) that allows species
to circulate with each other. Examples include the YFRE, the Okapi Wildlife Reserve and
the Kokolopori Reserve in the DRC. The same applies to the areas surveyed in Gabon and
Cameroon. On the other hand, the Lokutu Forest and the Bas-Congo region in the DRC
are similar to the Nouabale-Ndoki National Park and the Lac Télé Community Reserve in
the Republic of the Congo. According to [19], this may be explained by the ability of some
species to cross the geographical barriers between the two countries.
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Amphibians in the DRC are divided into two orders, Gymnophiona and Anura [1,22].
The absence of Gymnophiona in the YFRE, as in Kokolopori [16], may be linked to their
capture techniques, which are different from those of Anurans, based on their burrowing
habits [53,84]. The amphibian fauna in the YFRE consist only of Anurans, which are widely
distributed in Congolese forests [14,16]. Among the species known to be endemic to the
DRC [22,23], Afrixalus equatorialis, Hyperolius langi, Hyperolius parallelus and Ptychadena
christyi are present in the YFRE. A. equatorialis also lives in the Lokutu forest [13]; A. equa-
torialis, H. langi and P. christyi are distributed in the Kokolopori forest [16]; and H. langi
and P. christyi are known from the Okapi Wildlife Reserve [48]. H. parallelus is present
in Bas-Congo [14]; A. equatorialis and P. christyi have been reported in Kisangani [85]. A
recent study by [11] indicated the absence of Hyperolius langi in Kokolopori. The distribu-
tion of these four species in these areas suggests their endemism in the DRC. Alongside
these species, other endemic species have been identified by various studies. These are
Arthroleptis phrynoides [16], Hemisus olivaceus, Hyperolius ferrugineus, Ptychadena ingeri [48]
and Hymenochirus boulengeri [16,48]. The number of endemic species recognized by studies
carried out in the DRC, as in other Central African countries, is thought to be linked to the
persistence of fluvial forest refugia in various environments [86,87].

The presence of amphibians in the YFRE is confirmed by the geographical distribution
of the various species provided in the literature [1,11,19,23,31,33,36,37]. The number of
amphibian predators and prey in the YFRE is thought to be declining as a result of unreg-
ulated hunting by local people in the surrounding villages. The location of this Reserve
along the Kisangani–Ubundu road and its contact with the Congo River are likely factors
that expose it to licit or illicit exploitation of its resources. These factors impact habitat
conditions [88,89], which in turn affect amphibian populations [90–93]. Despite the current
anthropogenic pressure on ecosystems, the species recorded in the YFRE demonstrate that
there are still fragments of undisturbed primary forest around the city of Kisangani.

5. Conclusions

This study provided baseline data to deepen our knowledge of amphibian ecology in
the YFRE, located in the DRC’s most diverse region. The results showed that the amphibian
fauna in this part of the country is represented by 33 species, namely Amietia nutti, Amnirana
albolabris, Phrynobatrachus auritus, P. perpalmatus, Leptopelis calcaratus, Leptopelis ocellatus,
L. notatus, L. millsoni, L. christyi, Arthroleptis tuberosus, A. variabilis, Sclerophrys gracilipes, S.
gutturalis, S. pusilla, Nectophryne batesii, Hyperolius sp., H. langi, H. ocellatus, H. parallelus, H.
platyceps, Afrixalus quadrivittatus, A. equatorialis, A. osorioi, Ptychadena perreti, P. mascareniensis,
P. christyi, Hoplobatrachus occipitalis, Cryptothylax greshoffi, Chiromantis rufescens, Cardioglossa
leucomystax, Kassina maculosa, Hylambates verrucosus and Xenopus pygmaeus. Hyperoliidae
and Arthroleptidae families are richer in species than all other families, with Ranidae
being the most abundant. Amnirana albolabris is the most abundant species. From the
presence of these species, many other aspects can be studied. These include assessing
the effects of natural habitat modifications on amphibian populations. This involves the
response of species to the diversity of habitats resulting from fragmentation. Understanding
this anthropogenic pressure on natural habitats will require preservation and sustainable
management, which are beneficial to the diversity of zoological groups such as amphibians.
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