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ABSTRACT
Records of biodiversity over time are important resources for
assessing conservation priorities. However, such baseline data are
missing for regions of key biodiversity importance. The Eastern
Arc Mountains of Tanzania are known for their species richness
and endemism, but not all mountain blocks have received the
same attention. The Ukaguru Mountains, for example, have only
infrequently been surveyed by herpetologists, with the first
known herpetological survey in 1990. Here we compile and
quantify all amphibian survey efforts in the Ukaguru Mountains in
the past 30 years, publish an updated species list and comment
on the health of amphibian populations and their habitat. We
report on fourteen described species of amphibians, with
potentially three additional species awaiting formal description.
Of these seventeen lineages, seven are endemic to the Ukaguru
Mountains. Although total species numbers remain low,
compared with other Eastern Arc Mountains, surveys frequently
recorded new species for the Ukaguru Mountains and for science.
Worryingly, however, endemics, such as the monotypic bufonid
Churamiti maridadi, have not been recorded in the past fifteen
years. Our analyses show the region is becoming warmer and
drier and is experiencing an alarming rate of deforestation. We
find that over the past 30 years, dense forest cover inside the
boundaries of the forest reserves has reduced by 8.4%.
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Introduction

Habitat degradation, climate change, and pathogens have been identified as the most
significant factors underlying recent declines in many amphibian species (Collins and
Storfer 2003; Rohr et al. 2008; Shepard and Burbrink 2009; Hof et al. 2011; Miller et al.
2018; Scheele et al. 2019; Schmitt et al. 2019). However, not all populations and species
respond equally to these factors. For example, land use and climate change are expected
to affect species in tropical areas more drastically than in temperate zones (Stuart et al.
2004; Grant et al. 2019; Newbold et al. 2020). Yet amphibian biodiversity and community
ecology are still too inadequately known in the tropics to establish baselines of document
trends (Tydecks et al. 2018; González-del-Pliego et al. 2019).

Compared with those of other continents, the African amphibian fauna remains rela-
tively poorly understood, with baseline studies of taxonomy and ecology lacking for
many groups (Howard and Bickford 2014; Pino-Del-Carpio et al. 2014; Roberts et al.
2016; Deichmann et al. 2017; Channing and Rödel 2019; Frost 2020; Streicher et al.
2020). Baseline occurrence and abundance data are required to extrapolate whether
and how species or populations are being impacted by change and how serious the
change is. Similarly, long-term, standardised efforts to document species diversity are
scarce, hindering efforts to accurately estimate extinction risks and to direct conservation
efforts. Africa also stands at the crossroads of high biological diversity and significant
recent human population growth with associated anthropogenic impacts upon the land-
scape, resulting in high risks of species declines and losses in the coming decades
(Mantyka-Pringle et al. 2015; Ponce-Reyes et al. 2017; Habel et al. 2019). Hence, under-
standing current amphibian diversity and its immediate vulnerability to extinction is a
high conservation priority.

Tanzania is one of the most biodiverse countries in Africa. Of all mainland (non-island)
African countries, Tanzania has the third highest number of amphibian species (n = 207)
after Cameroon and the Democratic Republic of the Congo (AmphibiaWeb 2021). This
high amphibian species richness is not spread evenly across the landscape, but is concen-
trated in relatively small montane and sub-montane areas that transect the country
(Mittermeier et al. 2005; Channing and Howell 2006). The block-faulted mountain range
that hosts most Tanzanian amphibian biodiversity is collectively known as the Eastern
Arc Mountains (EAM), a part of the larger Eastern Afromontane Region (EAR). The rich
montane and sub-montane rainforests of the EAR have both high overall biological diver-
sity and a high proportion of endemic species (Lachaise and Chassagnard 2001; Burgess
et al. 2007; Rovero et al. 2008, 2014; Fjeldså et al. 2012; Loader et al. 2015) that are at risk
from deforestation, climate change and pathogens (Malcolm et al. 2006; Hall et al. 2009;
Kideghesho 2015; Ponce-Reyes et al. 2017; Newmark and McNeally 2018; Hamunyela et al.
2020). This high endemism combined with high levels of recent habitat degradation and
loss prompted recognition of the EAM as a Biodiversity Hotspot (Myers et al. 2000).

The Ukaguru Mountains are one of the central blocks of the EAM. Most of this block is
comprised of an elongated ridge extending up to 2 250 m altitude (Figure 1). The main
Ukaguru ridge is largely covered by forest with moist forests on the wetter eastern
side. The drier southwest slopes of the ridge are covered by dry evergreen forests,
bushes and wooded grasslands. The Ukaguru forest is protected by five catchment
Forest Reserves (Ikwamba, Mamboto, Mamiwa Kisara North, Mamiwa Kisara South,
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Uponera) totalling 17 031 ha (Figure 1). Other small patches of protected forest are some-
times listed in the literature, including Mikuvi Forest Reserve and Mamboya forest (www.
easternarc.or.tz; Gwegime et al. 2014). The summits contain both heathlands and upper

Figure 1. Map of the forest reserves on the Ukaguru Mountains plateau. Inserted map of Tanzania
shows the location of the map extent within the Eastern Arc Mountains. Type localities of amphibians
are indicated with magenta points, base camps of the different surveys with red triangles and major
human settlements with blue squares. Text labels indicate forest reserves and villages, and other land-
marks discussed in the text. The base camps are labelled with the survey year (appended with a, b, c if
more than one base camp was used) and species type localities are numbered: 1Hyperolius cf. burgessi,
2Nectophrynoides paulae, 3Nectophrynoides laticeps, 4Churamiti maridadi, 5Probreviceps cf. durirostris,
6Probreviceps durirostris.
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montane forest, whereas montane forest and dry sub-montane forest occur on the lower
slopes. Overall biodiversity and endemism of the Ukaguru forest is poorly known com-
pared with those other mountains in the Eastern Arc, although some endemic species
have been documented (Rovero et al. 2014). Some of the forests of this range, especially
the smaller patches managed by local communities, are biologically unexplored and are
likely to hold undiscovered species.

Before recent human environmental impacts in the Ukaguru Mountains, forest would
have covered the mid and lower elevations (Hall et al. 2009). Today, intact forests only
remain on the top plateau with only 16% of estimated paleoecological forests still in exist-
ence (167 km2 current of original 1 076 km2; Hall et al. 2009). There is a fairly large human
population in the Ukaguru Mountains (>140 000; Platts et al. 2011). Outside of protected
areas, the land is heavily utilised for smallholder subsistence farming and for a large soft-
wood plantation (3 600 ha). Threats to the protected areas of forest include encroachment
from farmers and workers from the plantation forest, fuel wood collection and fires
spreading from lowland areas.

The Ukaguru forest is of particular interest to amphibian biologists for its endemic
species. The most notable example is the unusual and rare species, Churamiti maridadi
Channing and Stanley 2002, the only known member of this monotypic bufonid genus
(Channing and Stanley 2002). Other Ukaguru endemic species are Nectophrynoides
laticeps Channing, Menegon, Salvidio and Akker 2005, and N. paulae Menegon, Salvidio,
Ngalason and Loader 2007 and Probreviceps durirostris Loader, Channing, Menegon and
Davenport, 2006. More species remain to be described, such as Probreviceps cf. durirostris
and Callulina cf. kreffti, which based on preliminary genetic results are distinct from con-
specifics from other geographic areas (Loader 2006, 2014). The amphibian community
appears to be quite distinctive, but not as species rich as those of other EAMs (Rovero
et al. 2014), which might be the result of its more isolated geographical position
(Loader et al. 2006). Despite the potential for under-described diversity, the mountain
block is less visited for amphibian surveys, compared with other EAM blocks (e.g., the
East Usambara Mountains, which have frequent surveys). Moreover, other than species
descriptions, results of most surveys have not been published (exceptions being Akker
and Highstead (1992) and Rovero et al. (2014)).

According to Akker and Highstead (1992), their survey in 1990 was the first targeted
effort to document the herpetofauna of this region (however, see note in results on col-
lections prior to this). Here we document amphibian surveys conducted in the region
from that first survey through to 2019. We provide an updated checklist of species
found on these mountains and discuss the current state of amphibian diversity and exist-
ing threats to the health of its biodiversity.

Materials and methods

Species records and survey information

We compiled information on the surveys conducted in the Ukaguru Mountains between
1990 and 2019. We queried Google Scholar and biodiversity databases (VertNet; www.
vertnet.org, GBIF; www.gbif.org and iNaturalist; www.inaturalist.org) with the search
terms ‘Ukaguru’ and ‘Amphibia’ to find researchers who have documented visits to this
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region. Available researchers were invited to participate as co-authors for this study. Infor-
mation was compiled from field notebooks and records of specimens collected by the sur-
veyors (see Table 1). The quantitative data collected (where available) include survey
dates and duration, numbers of surveyors, total search hours, numbers of species
recorded, numbers of specimens collected and GPS coordinates of camp sites. In addition,
we report areas surveyed, survey methods used and notes on habitat quality.

Patterns in the data were graphically explored using R v3.6.2 (R Development Core
Team 2020). We refrained from statistical modelling, because of data incompleteness
and small sample sizes. We explored species detection over time, across seasons and
the cumulative numbers of species detected as a function of sampling effort (rarefaction).
We compared this effort to a semi-log collection curve, by fitting the cumulative number
of species as a function of log10 total search days, following Ugland et al. (2003). We also
reported the numbers of individuals collected per survey. Although this may give some
indication of the frequencies of individuals detected, the number of specimens collected
is heavily influenced by the search/trapping method and the aims of each survey. It is
common that only a small number of voucher specimens were collected for genetic pur-
poses, for example, despite populations being large. We caution that this may therefore
not accurately reflect real abundances or species population health.

Historical climate and forest cover

We used remote sensing data to estimate trends in climate and forest cover changes in
the past thirty years, since the first survey in 1990. For assessing climatic changes, histori-
cal monthly temperatures (mean of daily maxima in degrees Celsius) and monthly total
rainfall (in millimetres) were obtained as geographic information system rasters from
CHELSAcruts (www.chelsa-climate.org, accessed on 7 September 2021; Karger et al.
2017, 2020). These climate raster layers, at 30 arc seconds resolution, were masked by
the borders of the forest reserves (shape file obtained from The Eastern Arc Mountains
Conservation Endowment Fund; www.easternarc.or.tz) and mean values for all raster
cells falling inside this delimited area were calculated for every month from January
1990 to December 2016 (data were not available for more recent years). To test
whether there are significant seasonal (time-of-year) and non-seasonal (across-year)
trends in temperature and precipitation, we fitted a generalised additive model (GAM)
using the mgcv v1.8-33 package (Wood 2017) in R. In these models, the climate variable
(temperature or precipitation) was modelled as the predictor variable, with time of the
year (months 1 to 12) as a cyclic cubic smooth predictor term, and total time (days
since 1 January 1990) as a cubic smooth predictor term, following the package author’s
recommendations (Wood 2017).

To analyse tree cover change from 1990 to 2020 we acquired Landsat 5, Landsat 7 and
Landsat 8 Level-2 products, downloaded from USGS Earth Explorer (www.earthexplorer.
usgs.gov). Our objective was to obtain high quality satellite images spaced five years
apart for forest cover classification, but this was not always possible. We acquired suitable
images for 1990 from Landsat 5 Thematic Mapper (TM), for 2000, 2005, 2008, 2010 and
2016 from Landsat 7 Enhanced Thematic Mapper (ETM+) and, for 2020 from Landsat 8
Operational Land Imager (OLI). We downloaded the scenes from Path 167 and Rows 64
and 65 to encompass the Ukaguru Forest Reserves. To better discriminate vegetation
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Table 1. Field surveys conducted in the Ukaguru Mountain with amphibian records.
1990 1999 2002 2004 2005 2007 2011 2012 2013 2019

Surveyors Akker, Highstead Stanley Loader, Mariaux Menegon,
Ngalason, Rovero

Channing,
Ngalason

Frontier Tanzania Bittencourt,
Loader,

Menegon,
Wilkinson

Larson Gvoždík Lawson, Liedtke,
Loader, Lyakurwa

Start Date 24.08.1990 July 1999 04.05.2002 24.01.2004 07.12.2005 14.01.2007 07.12.2011 20.04.2012 27.04.2013 18.02.2019
Duration
(days)

21 31 2 5 3 39 3 4 4 7

Aim Bird and
herpetofauna

survey

Small mammal
survey

Herpetological
survey

Herpetological
survey

Herpetological
survey

Biodiversity &
disturbance survey

Herpetological
survey

Amphibian
and small
mammal
survey

Herpetological
survey

Herpetological
survey

Forest
Reserves

Mamiwa-Kisara
North

Mamiwa-Kisara
North

Ikwamba Mamiwa-Kisara
North

Mamiwa-Kisara
North

Mamiwa-Kisara
North and South

Mikuvi Forest
Reserve

Mamiwa-
Kisara North

Mamiwa-Kisara
South

Mamiwa-Kisara
North

Survey
method

Visual encounter
survey

Pitfall traps Visual encounter
survey

Visual encounter
survey

Visual encounter
survey

Visual encounter
survey and pitfall

traps

Visual
encounter
survey and
digging

Visual
encounter
survey and
pitfall traps

Visual
encounter
survey and
digging

Visual encounter
survey and pitfall

traps

Number of
persons

4 2 3 2 2 4 2 1 4

Search hours;
trapping
effort

n/a n/a 42 person hours n/a 30 person hours 81 person hours;
33 buckets for 24
trapping nights

c.a. 70 person
hours

c.a. 24 person
hours; 12

buckets for 4
trapping
nights

27 person hours
+ 2.5 hours of
digging (no
amphibian
found)

200 person
hours; 8 buckets
for 4 trapping

nights

Amphibian
species
recorded

9 5 7 10 5 9 10 9 7 10

Amphibian
specimens
collected

95 57 20 61 13 (includes
tadpole lots)

160 54 27 (includes 1
lot of n = 15
tadpoles)

28 (including 3
tadpoles and 1

froglet)

44

Specimens
housed at:

Cambridge
University

Undergraduate
Expedition

Field Museum,
Chicago

University of Dar
es Salaam/

Natural History
Museum,
London

University of Dar
es Salaam/

Museum Scienze,
Trento

University of Dar
es Salaam

University of Dar
es Salaam/Natural
History Museum

University of
Dar es Salaam/
Natural History

Museum

Museum of
Comparative
Zoology,
Harvard
University

University of Dar
es Salaam

University of Dar
es Salaam/

Natural History
Museum

Resulting
publications

Akker and
Highstead 1992;

Stanley and
Channing 2002;

n/a Rovero et al.
2014;

Channing et al.

Channing et al.
2016

(A. tenuoplicata

Biodiversity
Research and
Awareness in

n/a n/a n/s n/a
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Channing et al.
2005

Channing et al.
2005

2005; Menegon
et al. 2007

tadpole
description)

Lesser-Known
Eastern Arc
Mountains

(BREAM); Rovero
et al. 2014

Notes of
interest

The surveyors note
a dearth of species
in comparison to
other sites (East

Usambara
Mountains) and

suggest this may be
due to the higher
elevations of the

Ukaguru
mountains. Among

the collected
materials are
specimens of

Nectophrynoides sp.
which were later
included in the
description of
Nectophrynoides

laticeps

The expedition was
not strictly focussed

amphibian
collection, but
nonetheless
produced 57
specimens,

assigned to five
species in three

families.
Remarkably, all five
species (in the

families
Arthroleptidae,
Bufonidae and
Microhylidae)
appear to be
undescribed,

evidence of long
periods of isolation.

Among these,
Churamiti maridadi,

and
Nectophrynoides

laticeps

Description of a
new

Probreviceps
species;

Probreviceps
durirostris

(Loader et al.
2004).

Description of a
new toad
species;

Nectophrynoides
paulae and
N. laticeps

Key objective: To
photograph
Churamiti

maridadi, but not
found.

The BREAM project
surveyed four
lesser-known
Eastern Arc

Mountain blocks:
Mahenge, Nguru,

Rubeho and
Ukaguru, with
survey efforts
systematically
scaled to forest
size. Higher

species richness
and abundance

was recorded from
the other 3 blocks,
along with lower

levels of
disturbance,

compared to the
Ukaguru.

Candidate
species

Probreviceps cf.
durirostris

Key objective:
Leptopelis

grandiceps, but
not found.

Key objective:
rediscover
Churamiti

maridadi, but not
found. Candidate
species of the
Hyperolius
spinigularis

complex (H. cf.
burgessi)

Notes on
habitat
destruction

Pitsaw and timber
felling sites,
shamba

encroachment,
poaching

(mammal traps
and snares), fire,
honey harvesting,
path construction.

Firewood and
timber

extraction,
path

construction,
honey

harvesting

Shamba
encroachment,

poaching
(mammal traps
and snares).

Fires, Snares, Bee
keeping,

Firewood and
timber extraction
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from crops and dense grassland, images were taken from drier months (September–
October). Scenes were processed in Quantum GIS 3.10 (QGIS Development Team 2020)
at 30 m resolution (c. 1 arc second; EPSG:32637 – WGS 84/UTM zone 37N) using SAGA
(Conrad et al. 2015). Land cover classifications were performed over Ukaguru Mountains
area using an unsupervised ‘k-means’ classification (Likas et al. 2003) clustering the pixels
into 10 clusters. These clusters could be reclassified into three types of landcover: non-
vegetated areas, low-density vegetation and high-density vegetation. To remove isolated
pixel clusters, we post processed the classifications using a majority filter. We calculated
the percentage of high-density vegetation pixels, which correspond to dense forest,
within the boundaries of the forest reserves for each year, to measure forest cover
change over time.

Results

Ten herpetological surveys were conducted between 1990 and 2019 (Table 1). A total of
seventeen species of amphibians (three of which are awaiting formal description) in 10
genera, spread across six families and two orders were recorded (Table 2; Figure 2;
Figure 3). On average, 8.1 species of amphibians were recorded per survey (standard devi-
ation = 1.97). No single species was recorded on every occasion, though Arthroleptis affinis
Ahl, 1939, was recorded during nine out of the ten surveys, and Amietia tenuoplicata Pick-
ersgill, 2007 and Scolecomorphus vittatus Boulenger, 1895 were recorded in eight
out of the ten surveys. Four species are endemic to the Ukagurus: Churamiti maridadi,
Nectophrynoides laticeps, N. paulae, and Probreviceps durirostris. In addition, three
more, currently undescribed lineages (Callulina cf. kreffti, Hyperolius cf. burgessi,
Probreviceps cf. durirostris) most likely represent endemic species. Of the ten
surveys, six resulted in discovery of new species for the mountain and the semi-log
collection curve has not yet reached a plateau (Figure 4).

Survey efforts were highly variable (Table 1) varying in duration (two to 39 days),
persons (one to four surveyors), person search hours (24 to 200 total person search
hours) and types of search method. Visual encounter surveys were the most frequent
(used in nine out of ten surveys), with pitfall traps being used on four occasions, and
two surveys with active digging for caecilians and other fossorial species. Regardless,
most species, including the fossorial Probreviceps spp. and Scolecomorphus vittatus
were recorded from visual encounter-only surveys, suggesting digging may not
always be essential for their detection (Tables 1 and 2). Eight surveys were conducted
during the rainy season (November to May), with the remaining two in the dry
season (June to October). Thirteen species (76.5% of total diversity) were detected
in both the dry and rainy season (Figure 2). The remaining four species (Arthroleptis
stenodactylus, Probreviceps cf. durirostris, Nectophrynoides paulae, Hyperolius cf. burgessi)
were only detected in the rainy season. Six of the surveys were restricted to Mamiwa-
Kisara North. Mamiwa-Kisara South was visited twice, and Ikwamba and Mikuvi were
only visited once each, with one of these visits (Mikuvi Forest Reserve survey in 2011)
yielding a new candidate species (P. cf. durirostris). Most survey efforts (close to camp
locations; Figure 1) were concentrated around Mt. Munyera in the north-western parts
of the Mamiwa-Kisara North Forest Reserve.
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Among collected species, the three most abundantly sampled species were Nectophry-
noides laticeps (112 individuals collected), followed by Probreviceps durirostris (75 individ-
uals) and Arthroleptis affinis (51 individuals). The least abundant were Probreviceps cf.
durirostris (one individual), Churamiti maridadi (four individuals), and P. loveridgei (nine
individuals).

Additional to the surveys, we found records of specimens of three amphibian species
(Amietia tenuoplicata, Hyperolius substriatus and Scolecomorphus vittatus) in the Natural
History Museum of Los Angeles. They were collected in January 1964, in Mandege,
Ukaguru Mountains by Kenneth E. Stager. Stager was an ornithologist who surveyed the
Uluguru and Ukaguru mountains in 1964 (Friedmann and Stager 1964). Although Stager
was focussed on birds and mammals, he also collected amphibians opportunistically.

Historical climate and habitat change

The General Additive Model (GAM) for data from 1990 to 2016 adequately models temp-
erature seasonality and trends over time (adjusted R2 = 0.836; Figure 5A). There is a signifi-
cant seasonal component (effective degree of freedom [edf] 9.369; F = 57.02, p < 0.001)
indicative of temperature fluctuations throughout the year. A positive trend over time
is also detected, though this is not significant (edf = 1.000, F = 3.17, p = 0.076). Based on
this model, temperatures rose from 21.7 °C in 1990 to 22.0 °C in 2016, translating to an
increase of 0.115 °C per decade (Figure 5A). The GAM model for precipitation (adjusted
R2 = 0.662) results in a significant seasonal component (edf = 7.312, F = 61.459, p <
0.001). The trend component for changes in precipitation over time is not significant

Table 2. Number of individuals per amphibian species collected in the Ukaguru Mountains across all
documented surveys.

1990 1999 2002 2004 2005 2007 2011 2012 2013 2019

Arthroleptidae
Arthroleptis affinis Ahl, 1939 6 3 1 2 27 2 6 6 4
Arthroleptis stenodactylus Pfeffer, 1893 2 7 3
Arthroleptis xenodactyloides Hewitt, 1933 2 6 6 10 20 8 4
Leptopelis grandiceps Ahl, 1929 2 3 1 1 5
Leptopelis vermiculatus (Boulenger, 1909) 10 1 28 4 4 3

Bufonidae
Churamiti maridadi† Channing and Stanley, 2002 2 2
Nectophrynoides laticeps† Channing, Menegon,
Salvidio, and Akker, 2005

52 41 11 8

Nectophrynoides paulae† Menegon, Salvidio,
Ngalason, and Loader, 2007

10

Breviciptidae
Callulina cf. kreffti§ Nieden, 1911 1 3 3 1 1 1
Probreviceps cf. durirostris§ Loader et al. 2006 1
Probreviceps durirostris† Loader et al. 2006 4 1 7 59 4
Probreviceps loveridgei Parker, 1931 7 2

Hyperoliidae
Afrixalus uluguruensis (Barbour and Loveridge, 1928) 10 7 10 10 1 2 5
Hyperolius cf. burgessi§ Loader et al. 2015 16
Hyperolius substriatus Ahl, 1931 10 6 4 3 5 4

Pyxicephalidae
Amietia tenuoplicata (Pickersgill, 2007) 1 5 1 10 2 6 1 1

Scolecomorphidae
Scolecomorphus vittatus (Boulenger, 1895) 3 3 11 7 2 1 1 1

†endemic to the Ukaguru Mountains, §likely undescribed endemics
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(edf = 1.000, F = 0.084, p = 0.772). The model nonetheless estimates a negative trend for
rainfall, from 95.7 mm per month in 1990 to 91.9 mm in 2016 (Figure 5A). The GAM
models therefore suggest a trend towards warmer and drier climates in the forests of
the Ukaguru Mountains in the past 30 years, though trends are not significant.

Together, the Ukaguru Forest Reserves have experienced an 8.4% loss of dense forest
over the past 30 years (Figure 5B). The area of dense forest inside the Forest Reserve
boundaries has decreased from 79.1% in 1990 to 70.7% in 2020. Fitting a linear model
to forest cover over time resulted in an estimated forest loss of 0.2% per year, but the
data are only marginally explained by such a linear trend (adjusted R2 = 0.418; F =
4.588; df = 1,4; p = 0.099). Most forest loss is experienced at the edges of reserves and
where roads cut through the forest to connect human settlements. There is a road con-
necting Mkobwe and Masenge in the northwest of Mamiwa-Kisara North FR, and
another connecting Nongwe and Mtega, which define the otherwise seamless boarders
of Mamiwa-Kisara North and South FR.

Qualitative indication of threats to habitat

Other than scientific research, six types of human activity inside the protected areas of the
forest were recorded: logging (small-scale operations for timber and firewood/charcoal
production), shamba (small farm) encroachments, mammal snares and traps (mostly for
ungulates), bee keeping and honey harvesting, path construction and fires (Table 1;
Figure 6). Forest fires were anecdotally attributed to campfires, agricultural burning at
forest edges and honey harvesting practices. The 2019 survey recorded substantial

Figure 2. Amphibian species records in the Ukaguru Mountains across ten surveys over the past 30
years. Species are grouped (colour coded) by family, and size of nodes reflect the number of individ-
uals collected per species per survey. Nodes are connected by a line to show the first and last records
per species. Barchart below summarises total number of species recorded per survey. The circular dia-
grams per species indicate the months in the year for which it has been recorded (dark grey), out of
the six months that have been surveyed at least once in the thirty-year period (light grey).
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areas that were recovering from fires in the northern parts of Mamiwa-Kisara North
(−6.37939 S, 36.91636 E; −6.38899 S, 36.93378 E), which according to people in nearby
villages burned in 2016 and 2017.

Discussion

Global amphibian diversity is being lost at an unprecedented rate, with many species pre-
dicted to go extinct before being formally described (Howard and Bickford 2014; Roberts
et al. 2016; Deichmann et al. 2017; González-del-Pliego et al. 2019). Undiscovered and

Figure 3. Plate of 16 out of the 17 amphibian species recorded. A) Arthroleptis affinis, B) Arthroleptis
stenodactylus, C) Arthroleptis xenodactyloides, D) Leptopelis grandiceps, E) Leptopelis vermiculatus, F)
Churamiti maridadi, G) Nectophrynoides laticeps, H) Nectophrynoides paulae, I) Callulina cf. kreffti, J)
Probreviceps durirostris, K) Probreviceps loveridgei, L) Afrixalus uluguruensis, M) Hyperolius cf. burgessi,
N) Hyperolius substriatus, O) Amietia tenuoplicata, P) Scolecomorphus vittatus.
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Figure 4. Cumulative numbers of species detected as a function of search effort (cumulative numbers
of survey days). The rarefaction curve (modelled as y ∼ log(x)) is showed as a dashed line.

Figure 5. Precipitation, temperature and forest cover change in the forest reserves of the Ukaguru
Mountains from 1990 to 2020. A) Monthly total precipitation (mm) and mean temperature (°C)
with fitted generalised additive model (GAM) non-seasonal trend line (black). Data were only available
from 1990 to 2016. B) Landcover maps of the forest reserves showing changes in forest cover at six
intervals over the past three decades (above), and derived percentages of area of dense forest over
time (below). A linear best fit line (green) is also shown, with standard error confidence intervals.
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undescribed species are concentrated in the tropics (Collen et al. 2008), highlighting the
necessity of baseline biodiversity estimates at regional scales to underpin conservation
actions. Such information does not exist for many regions throughout Africa (Rovero
et al. 2014; Gillison et al. 2016; Burgess et al. 2017; Deichmann et al. 2017; Luiselli et al.
2019). Here we document amphibian diversity of the Ukaguru Mountains of Tanzania by
summarising data from surveys over the past 30 years, with the hope of aiding
conservation.

Across ten surveys conducted between 1990 and 2019, seventeen species of amphi-
bians were recorded. Plotting the cumulative detection of species as a function of
search effort shows the true biodiversity is likely still underestimated in the Ukaguru
Mountains, with new species detected in six out of the ten surveys. Currently the
Ukaguru Mountains have four endemic amphibian species, with three of these
endemic from Mamiwa-Kisara North Forest Reserve (Rovero et al. 2014). As taxonomic
revision of species improve our understanding, the number of endemics of the
Ukaguru Mountain block will likely increase. For example, evidence suggests Probrevi-
ceps cf. durirostris, Callulina cf. kreffti and Hyperolius cf. burgessi, are distinct and await
formal description (Loader et al. 2014; Lawson, pers. obs.). Surveys have also mainly con-
centrated on a north-western patch of Mamiwa-Kisara North Forest Reserve and
expanding survey efforts even to other fragments might reveal new taxa. A three-day
survey in Mikuvi Forest Reserve in 2011 resulted in the detection of an additional

Figure 6. Examples of human impact on forest. A) Recovery after forest fires in 2016–2017, B) active
timber extraction site, C) and D) shambas of mostly maize plantations extending right up and some-
times into the protected forest area.
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candidate species, for example, P. cf. durirostris. Some amphibian species currently
unrecorded from the Ukagurus, but that might be expected to occur, include Xenopus
victorianus, and Boulengerula uluguruensis. Appropriate search techniques have been
employed, such as digging, sweep netting ponds, and pitfall trapping, but so far,
they have not been recorded. The discovery of additional endemics unique to the
Ukaguru Mountains would further highlight the importance of this block of the EAM,
and it deserves additional study and protection.

The composition of the Ukaguru amphibian assemblage appears to be changing since
the first surveys were conducted. The three highly specialised endemic bufonid species
were recorded in earlier surveys, but they have subsequently remained undetected for
more than a decade, which may indicate local extinctions. The last sighting of Nectophrynoides
laticeps dates back 15 years, with prior surveys recording large numbers of individuals on
several occasions collected using both pitfall trapping and opportunistic searching. The
last records of N. paulae and C. maridadi are 18 years old. Nectophrynoides paulae was
common during one opportunistic survey, with more than 10 specimens observed
perched on vegetation. Churamiti maridadi is the least common species. Channing and
Stanley stated two specimens were collected ‘moving on the leaf litter of the forest
floor’ during prolonged pitfall trapping surveying for small mammals (2002, p 122) and
two other specimens were found on vegetation (1–2 m in height) in the 2004 survey
(Menegon, pers. obs.). All other Ukaguru amphibian species have been sighted on at
least one occasion in the past decade.

The absence of bufonids in recent surveys might reflect specific vulnerability of these
taxa, but our understanding of these issues is extremely limited. Nectophrynoides toads
are CITES protected (www.cites.org) and all but two (N. viviparus and N. tornieri) are
listed as Endangered or Critically Endangered (or Data Deficient) by the IUCN Red List
(www.iucnredlist.org). The extinction in the wild of congener N. asperginis Poynton,
Howell, Clarke and Lovett, 1998 has resulted in extensive conservation and captive breed-
ing efforts (Alfan et al. 2011; Nahonyo et al. 2017; Ngalason et al. 2019; Weldon et al. 2020).
The loss of these species would not only represent the loss of biodiversity, but would
also have profound implications for evolutionary studies on amphibians as a whole.
Nectophrynoides is one of only two extant viviparous lineages of Anura (Liedtke et al.
2017). Our failures to detect the bufonid species in recent surveys are worrying.
However, surveys have been infrequent and short (average survey time of approximately
two weeks), and it is therefore difficult to quantify trends in population sizes and the
health of species (e.g., Ngwava et al. 2021).

The numbers of specimens collected are also difficult to translate into real abun-
dances, because sample sizes for collections are often limited to only representative
vouchers, and certain collection methods result in biased collections. Pitfall trapping,
for example, is more effective for collecting ground dwelling than arboreal or aquatic
species. For this reason, it is unsurprising that almost all species in the 1999 survey,
which used pitfall traps exclusively, were terrestrial (fossorial or leaf litter) species
(C. maridadi being the only potential exception, all the same not much is known
about its ecology).

Seasonal and yearly variation in amphibian activity may also influence the detection
probability of specific species per survey. Most species (75%) were detected in both the
rainy and dry seasons and all species were detected in the rainy season. The lack of
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detection of some species during drier months or years, or because of rain-related activity,
are patterns that should be further investigated. Variation in geographic sampling
locations may also have influenced differences in species detection between surveys.
However, most surveys were conducted around Mt. Munyera. This is likely because of
the accessibility of this site via a road connecting Masenge and Mkobwe village (which
dissects the reserve), and because Mamiwa-Kisara North represents the largest patch of
forest in the area. Surveys that were conducted in other areas did on occasion yield
new species and future surveys should therefore take this into consideration.

More tangible are the changes in potential threats to amphibians in this region. Here we
show that the Ukaguru Mountains are not spared from trends in global climate change
(Hansen et al. 2006) with temperatures having risen and precipitation having fallen over
the past 30 years. The Forest Reserves have experienced a temperature increase of 0.12 °
C per decade. Although below the global estimates of 0.2 °C increase per decade
(Hansen et al. 2006), this is alarming, because climate change can be particularly detrimen-
tal for montane species (Lips 1998; Hof et al. 2011). Global climate changes may also be
locally exacerbated by the disturbance of the forest (Dixon et al. 2003). Human activity is
affecting the quality of the catchment forest reserves across much of the EAM (Hall et al.
2009) – parts of the Taita Hills in Kenya being extreme examples (Hall et al. 2009; pers.
obs.). An earlier study showed that the Ukaguru Mountains is one of the EAM blocks that
has experienced the most extensive forest loss prior to and including our study period,
with a loss rate of 0.3% per year from 1975 to 2000 and an estimated 85% total loss
from earlier time periods (Hall et al. 2009). Here we find that this loss rate has been sus-
tained. We estimated an 8.4% loss of dense forest in the past 30 years (0.28% loss per
year) despite its protected status. Similar rates have been estimated for other protected
areas across Tanzania (Gizachew et al. 2020). The Ukaguru Mountains are also among the
top three EAM blocks whose miombo woodlands are predicted to face the highest
future threat (Green et al. 2013). Designating protection status for forests in Tanzania has
clearly had a positive impact on their maintenance (Green et al. 2013; Willcock et al.
2016), but the continuing loss of forests buffer zones is resulting in the geographic isolation
of these fragments and eroding the protected forest edges (Gizachew et al. 2020).

Indications of forest loss emerging from remote sensing data are complimented by
observations made on the ground. In 2019, we discovered areas recovering from
recent forest fires, numerous active sites for small-scale logging practices and other
forms of human encroachments within protected forests. These were also recorded in
previous years (Frontier survey in 2007) and a survey by the Tanzanian Forest Conserva-
tion Group recorded an average of 55.49 of such disturbances per hectare (Gwegime
et al. 2014). With extensive observations across surveys, these are clearly not isolated
incidents and indicate considerable impacts on forest-associated species. Even traces
of other forms of human encroachment, such as mammal snares and honey harvesting,
that have no direct impact on amphibian communities and their habitat, likely affect
them in indirect ways. Honey harvesting, for example, has been named as one of the
main causes of forest fires in the region (Frontier survey in 2007). Taken together,
global changes in climate and the anthropogenic impacts on the Ukaguru forests are
significant and measurable, and pose a tangible risk to the forest-associated amphibian
diversity of these unique forests.
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Our review of amphibian surveys of this unique Eastern Arc Mountain block has, above all,
highlighted the necessity of more consistent survey efforts in the future. Repeated, standar-
dised surveys either spanning greater periods or point sampling a broader range of dates and
areas would greatly help the robustness of analyses and allow for quantitative assessments of
population health. It is evident that surveys are geographically biased and thatMamiwaKisara
South, with other smaller forest fragments, require targeted surveying in the future. The lack
of detection for important species, such as Churamiti maridadi, in nearly two decades may be
an indicator of the worrying level of disturbance to the forest, which may ultimately result in
the demise of these species, if it has not already happened. It might also be useful to employ
other techniques for detecting species, such as acoustic surveys or eDNA screening to test for
the presence of species. Ourwork outlined here is a call to action to protect the already dimin-
ished forests of theUkaguruMountains and a signal ofwhat is likely to happenwith the other
EAR mountain blocks, if conservation is not prioritised.

Acknowledgements

We thank the Tanzania Commission for Science and Technology (COSTECH researchpermits RCA2001-
272, 2002-319-ER-99-40, 2011-03-ER-2007-153, 2018-76-NA-2007-153, 2019-34-NA-2009-19), the Tan-
zania Wildlife Research Institute (TAWIRI) and the Wildlife Division and Tanzania Forest Service agency
(TFS) for issuing necessary permits. We thank a number of people for assisting in the fieldwork in the
UkaguruMountains (especially Charles Kilaita andWilsonMeshack) and the Society for Environmental
Exploration / Frontier Tanzania for use of data on their collections.We are also grateful toNikeDoggart,
David Gower, Kim Howell and Charles Msuya for providing assistance in the field, advice and support.
We thank Alan Resetar, Abigail Wolf, Kathleen Kelly, Harold Voris (FMNH), Neftali Camacho and Greg
Pauly (LACM), Andreas Schmitz (MNHG) for access to specimens and information held in their respect-
ive collections. The 2001 and 2011 fieldwork was funded in part by a Systematics Association Research
Fund grant, the Natural History Museum, London, and a NERC studentship to SPL. The 2012 fieldwork
was fundedby a Fulbright Scholarship to JGL. The 2013 fieldwork byVáclavGvoždíkwas funded by the
Freiwillige Akademische Gesellschaft Basel. The 2019 fieldwork by HCL and colleagues was funded by
the Mohamed bin Zayed Species Conservation Fund (Project Number 180518076). Finally, we would
like to dedicate this work to Dr Bill Stanley who made a huge impact on our understanding of
African biodiversity, as well as with the people he worked with. In particular, Bill’s surveys in the
Ukaguru Mountains were pivotal in highlighting the importance of Tanzanian forests with the collec-
tion of the remarkable species Churamiti mardidadi. He is sorely missed.

ORCID

H Christoph Liedtke https://orcid.org/0000-0002-6221-8043
John V Lyakurwa https://orcid.org/0000-0002-8252-0880
Lucinda P Lawson https://orcid.org/0000-0003-3939-7829
Michele Menegon https://orcid.org/0000-0002-2366-1771
Marina Garrido-Priego https://orcid.org/0000-0001-6666-7834
Jean Mariaux https://orcid.org/0000-0002-9601-855X
Alan Channing https://orcid.org/0000-0002-6250-2415
Nisha R Owen https://orcid.org/0000-0001-5094-8332
Gabriela B Bittencourt-Silva https://orcid.org/0000-0002-7391-8408
Mark Wilkinson https://orcid.org/0000-0002-9459-8976
Joanna G Larson https://orcid.org/0000-0002-1401-7837
Václav Gvoždík https://orcid.org/0000-0002-4398-4076
Simon P Loader https://orcid.org/0000-0003-4162-0575

134 H. C. LIEDTKE ET AL.

https://orcid.org/0000-0002-6221-8043
https://orcid.org/0000-0002-8252-0880
https://orcid.org/0000-0003-3939-7829
https://orcid.org/0000-0002-2366-1771
https://orcid.org/0000-0001-6666-7834
https://orcid.org/0000-0002-9601-855X
https://orcid.org/0000-0002-6250-2415
https://orcid.org/0000-0001-5094-8332
https://orcid.org/0000-0002-7391-8408
https://orcid.org/0000-0002-9459-8976
https://orcid.org/0000-0002-1401-7837
https://orcid.org/0000-0002-4398-4076
https://orcid.org/0000-0003-4162-0575


References

AmphibiaWeb. 2021. University of California, Berkeley, CA, USA. https://amphibiaweb.org. [Accessed
2 December 2020].

Akker S, Highstead R. 1992. Amphibians and Reptiles. In: Evans TD, Anderson GQA (Eds), A wildlife
survey of the East Usambara and Ukaguru Mountains, Tanzania. Study Report 53. International
Council for Bird Preservation. pp 29–41.

Alfan A, Khatibu FH, Kohi EM, Muheto R. 2011. Status and reintroduction of the Kihansi spray toad
Nectophrynoides asperginis in Kihansi gorge: challenges and opportunities. Proceedings of the 7th
TAWIRI Scientific Conference. pp 11–20.

Burgess ND, Butynski TM, Cordeiro NJ, Doggart NH, Fjeldså J, Howell KM, Kilahama FB, Loader
SP, Lovett JC, Mbilinyi B, et al. 2007. The biological importance of the Eastern Arc Mountains
of Tanzania and Kenya. Biol Conserv. 134(2):209–231. https://doi.org/10.1016/j.biocon.2006.
08.015.

Burgess ND, Malugu I, Sumbi P, Kashindye A, Kijazi A, Tabor K, Mbilinyi B, Kashaigili J, Wright TM,
Gereau RE, et al. 2017. Two decades of change in state, pressure and conservation responses
in the coastal forest biodiversity hotspot of Tanzania. Oryx. 51(1):77–86. https://doi.org/10.
1017/S003060531500099X.

Channing A, Howell KM. 2006. Amphibians of East Africa. Ithaca (NY): Cornell University Press.
Channing A, Menegon M, Salvidio S, Akker S. 2005. A new forest toad from the Ukaguru Mountains,

Tanzania (Bufonidae: Nectophrynoides). Afr J Herpetol. 54(2):149–157. https://doi.org/10.1080/
21564574.2005.9635528.

ChanningA, Dehling JM, Lötters S, Ernst R. 2016. Species boundaries and taxonomy of the African river frogs
(Amphibia: Pyxicephalidae: Amietia). Zootaxa. 4155(1):1–76. https://doi.org/10.11646/zootaxa.4155.1.1.

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

Channing A, Stanley WT. 2002. A new tree toad from the Ukaguru mountains, Tanzania. Afr J
Herpetol. 51(2):121–128. https://doi.org/10.1080/21564574.2002.9635467.

Collen B, Ram M, Zamin T, McRae L. 2008. The tropical biodiversity data gap: addressing disparity in
global monitoring. Trop Conserv Sci. 1(2):75–88. https://doi.org/10.1177/194008290800100202.

Collins JP, Storfer A. 2003. Global amphibian declines: sorting the hypotheses. Divers Distrib. 9
(2):89–98. https://doi.org/10.1046/j.1472-4642.2003.00012.x.

Conrad O, Bechtel B, Bock M, Dietrich H, Fischer E, Gerlitz L, Wehberg J, Wichmann V, Böhner J. 2015.
System for automated geoscientific analyses (SAGA) v. 2.1. 4. Geosci Model Dev. 8:1991–2007.
https://doi.org/10.5194/gmd-8-1991-2015.

Deichmann JL, Mulcahy DG, Vanthomme H, Tobi E, Wynn AH, Zimkus BM, McDiarmid RW. 2017. How
many species and under what names? Using DNA barcoding and GenBank data for west Central
African amphibian conservation. PLoS One. 12(11):e0187283. https://doi.org/10.1371/journal.
pone.0187283.

Dixon RK, Smith J, Guill S. 2003. Life on the edge: vulnerability and adaptation of African ecosystems
to global climate change. Mitig Adapt Strategies Glob Change. 8(2):93–113. https://doi.org/10.
1023/A:1026001626076.

Fjeldså J, Bowie RCK, Rahbek C. 2012. The role of mountain ranges in the diversification of birds.
Annu Rev Ecol Evol Syst. 43(1):249–265. https://doi.org/10.1146/annurev-ecolsys-102710-145113.

Friedmann H, Stager KE. 1964. Results of the 1964 Cheney Tanganyikan Expedition: ornithology.
Contrib. Sci. Los Angeles Co. Mus. 84:1–50.

Frontier-Tanzania. 2007. Report for FBD by Frontier-Tanzania on Disturbance in Mamiwa Kisara
North and South Forest Reserves, Ukaguru Mountains, unpublished.

Frost DR. 2020. Amphibian Species of the World: an Online Reference. Version 6.1. American
Museum of Natural History, New York, USA. http://research.amnh.org/herpetology/amphibia/
index.html. [Accessed 29 December 2020].

Gillison AN, Asner GP, Fernandes EC, Mafalacusser J, Banze A, Izidine S, da Fonseca AR, Pacate H. 2016.
Biodiversity and agriculture in dynamic landscapes: integrating ground and remotely-sensed base-
line surveys. J Environ Manage. 177:9–19. https://doi.org/10.1016/j.jenvman.2016.03.037.

AFRICAN JOURNAL OF HERPETOLOGY 135

https://amphibiaweb.org
https://doi.org/10.1016/j.biocon.2006.08.015
https://doi.org/10.1016/j.biocon.2006.08.015
https://doi.org/10.1017/S003060531500099X
https://doi.org/10.1017/S003060531500099X
https://doi.org/10.1080/21564574.2005.9635528
https://doi.org/10.1080/21564574.2005.9635528
https://doi.org/10.11646/zootaxa.4155.1.1
https://doi.org/10.1080/21564574.2002.9635467
https://doi.org/10.1177/194008290800100202
https://doi.org/10.1046/j.1472-4642.2003.00012.x
https://doi.org/10.5194/gmd-8-1991-2015
https://doi.org/10.1371/journal.pone.0187283
https://doi.org/10.1371/journal.pone.0187283
https://doi.org/10.1023/A:1026001626076
https://doi.org/10.1023/A:1026001626076
https://doi.org/10.1146/annurev-ecolsys-102710-145113
http://research.amnh.org/herpetology/amphibia/index.html
http://research.amnh.org/herpetology/amphibia/index.html
https://doi.org/10.1016/j.jenvman.2016.03.037


Gizachew B, Rizzi J, Shirima DD, Zahabu E. 2020. Deforestation and connectivity among protected
areas of tanzania. Forests. 11(2):170. https://doi.org/10.3390/f11020170.

González-Del-Pliego P, Freckleton RP, Edwards DP, Koo MS, Scheffers BR, Pyron RA, Jetz W. 2019.
Phylogenetic and trait-based prediction of extinction risk for data-deficient amphibians. Curr
Biol. 29(9):1557–1563.e3. https://doi.org/10.1016/j.cub.2019.04.005.

Grant EHC, Muths E, Schmidt BR, Petrovan SO. 2019. Amphibian conservation in the Anthropocene.
Biol Conserv. 236:543–547. https://doi.org/10.1016/j.biocon.2019.03.003.

Green JMH, Larrosa C, Burgess ND, Balmford A, Johnston A, Mbilinyi BP, Platts PJ, Coad L. 2013.
Deforestation in an African biodiversity hotspot: extent, variation and the effectiveness of pro-
tected areas. Biol Conserv. 164:62–72. https://doi.org/10.1016/j.biocon.2013.04.016.

Gwegime J, Mwangoka M, Mulungu EA, Latham J, Gereau RE, Doggart N. 2014. The biodiversity and
forest condition of Mamiwa-Kisara North Forest Reserve. Tanzanian Forest Conservation Group
Technical Paper 41:1–86.

Habel JC, Trusch R, Schmitt T, Ochse M, Ulrich W. 2019. Final countdown for biodiversity hotspots.
Conserv Lett. 12(6):e12668. https://doi.org/10.1111/conl.12668.

Hall J, Burgess ND, Lovett J, Mbilinyi B, Gereau RE. 2009. Conservation implications of deforestation
across an elevational gradient in the Eastern Arc Mountains, Tanzania. Biol Conserv. 142
(11):2510–2521. https://doi.org/10.1016/j.biocon.2009.05.028.

Hamunyela E, Brandt P, Shirima D, Do HTT, Herold M, Roman-Cuesta RM. 2020. Space-time detection
of deforestation, forest degradation and regeneration in montane forests of Eastern Tanzania. ITC
J. 88:102063. https://doi.org/10.1016/j.jag.2020.102063.

Hansen J, Sato M, Ruedy R, Lo K, Lea DW, Medina-Elizade M. 2006. Global temperature change. Proc
Natl Acad Sci USA. 103(39):14288–14293. https://doi.org/10.1073/pnas.0606291103.

Hof C, Araújo MB, Jetz W, Rahbek C. 2011. Additive threats from pathogens, climate and land-use
change for global amphibian diversity. Nature. 480(7378):516–519. https://doi.org/10.1038/
nature10650.

Howard SD, Bickford DP. 2014. Amphibians over the edge: silent extinction risk of Data Deficient
species. Divers Distrib. 20(7):837–846. https://doi.org/10.1111/ddi.12218.

Karger DN, Conrad O, Böhner J, Kawohl T, Kreft H, Soria-Auza RW, Zimmermann NE, Linder HP,
Kessler M. 2017. Climatologies at high resolution for the earth’s land surface areas. Sci Data. 4
(1):170122. https://doi.org/10.1038/sdata.2017.122.

Karger DN, Schmatz DR, Dettling G, Zimmermann NE. 2020. High-resolution monthly precipitation
and temperature time series from 2006 to 2100. Sci Data. 7(1):248. https://doi.org/10.1038/
s41597-020-00587-y.

Kideghesho JR. 2015. Realities on deforestation in tanzania—Trends, drivers, implications and the way
forward. In: Zlatic M (Ed.), Precious Forests. IntechOpen. pp 21–47. https://doi.org/10.5772/61002.

Lachaise D, Chassagnard M. 2001. Seven new montane species of Drosophila in the Eastern Arc
mountains and Mt Kilimanjaro in Tanzania attesting to past connections between eastern and
western African mountains (Diptera: drosophilidae). Eur J Entomol. 98(3):351–366. https://doi.
org/10.14411/eje.2001.056.

Likas A, Vlassis N, Verbeek JJ. 2003. The global k-means clustering algorithm. Pattern Recognit.
36:451–461. https://doi.org/10.1016/S0031-3203(02)00060-2.

Lips KR. 1998. Decline of a tropical montane amphibian fauna. Conserv Biol. 12(1):106–117. https://
doi.org/10.1046/j.1523-1739.1998.96359.x.

Liedtke HC, Müller H, Hafner J, Penner J, Gower DJ, Mazuch T, Rödel M-O, Loader SP. 2017. Terrestrial
reproduction as an adaptation to steep terrain in African toads. Proc Biol Sci. 284(1851):20162598.
https://doi.org/10.1098/rspb.2016.2598.

Loader SP, Ceccarelli FS, Menegon M, Howell KM, Kassahun R, Mengistu AA, Saber SA, Gebresenbet
F, de Sá R, Davenport TRB, et al. 2014. Persistence and stability of Eastern Afromontane forests:
evidence from brevicipitid frogs. J Biogeogr. 41(9):1781–1792. https://doi.org/10.1111/jbi.12331.

Loader SP, Channing A, Menegon M, Davenport TRB. 2006. A new species of Probreviceps (Amphibia:
Anura) from the Eastern Arc Mountains, Tanzania. Zootaxa. 1237(1):45–60. https://doi.org/10.
11646/zootaxa.1237.1.4.

136 H. C. LIEDTKE ET AL.

https://doi.org/10.3390/f11020170
https://doi.org/10.1016/j.cub.2019.04.005
https://doi.org/10.1016/j.biocon.2019.03.003
https://doi.org/10.1016/j.biocon.2013.04.016
https://doi.org/10.1111/conl.12668
https://doi.org/10.1016/j.biocon.2009.05.028
https://doi.org/10.1016/j.jag.2020.102063
https://doi.org/10.1073/pnas.0606291103
https://doi.org/10.1038/nature10650
https://doi.org/10.1038/nature10650
https://doi.org/10.1111/ddi.12218
https://doi.org/10.1038/sdata.2017.122
https://doi.org/10.1038/s41597-020-00587-y
https://doi.org/10.1038/s41597-020-00587-y
https://doi.org/10.5772/61002
https://doi.org/10.14411/eje.2001.056
https://doi.org/10.14411/eje.2001.056
https://doi.org/10.1016/S0031-3203(02)00060-2
https://doi.org/10.1046/j.1523-1739.1998.96359.x
https://doi.org/10.1046/j.1523-1739.1998.96359.x
https://doi.org/10.1098/rspb.2016.2598
https://doi.org/10.1111/jbi.12331
https://doi.org/10.11646/zootaxa.1237.1.4
https://doi.org/10.11646/zootaxa.1237.1.4


Loader SP, Lawson LP, Portik DM, Menegon M. 2015. Three new species of spiny throated reed frogs
(Anura: Hyperoliidae) from evergreen forests of Tanzania. BMC Res Notes. 8(1):167. https://doi.
org/10.1186/s13104-015-1050-y.

Luiselli L, Dendi D, Eniang EA, Fakae BB, Akani GC, Fa JE. 2019. State of knowledge of research in the
Guinean forests of West Africa region. Acta Oecol. 94:3–11. https://doi.org/10.1016/j.actao.2017.
08.006.

Malcolm JR, Liu C, Neilson RP, Hansen L, Hannah L. 2006. Global warming and extinctions of
endemic species from biodiversity hotspots. Conserv Biol. 20(2):538–548. https://doi.org/10.
1111/j.1523-1739.2006.00364.x.

Mantyka-Pringle CS, Visconti P, Di Marco M, Martin TG, Rondinini C, Rhodes JR. 2015. Climate change
modifies risk of global biodiversity loss due to land-cover change. Biol Conserv. 187:103–111.
https://doi.org/10.1016/j.biocon.2015.04.016.

Menegon M, Salvidio S, Ngalason W, Loader SP. 2007. A new dwarf forest toad (Amphibia :
Bufonidae : Nectophrynoides) from the Ukaguru Mountains, Tanzania. Zootaxa. 1541(1):31–40.
https://doi.org/10.11646/zootaxa.1541.1.3.

Miller DAW, Grant EHC, Muths E, Amburgey SM, AdamsMJ, JosephMB, Waddle JH, Johnson PTJ, RyanME,
Schmidt BR, et al. 2018. Quantifying climate sensitivity and climate-driven change in North American
amphibian communities. Nat Commun. 9(1):3926. https://doi.org/10.1038/s41467-018-06157-6.

Mittermeier RA, Gil PR, Hoffman M, Pilgrim J, Brooks T, Mittermeier CG, Lamoreux J, Fonseca G. 2005.
Hotspots revisited: Earth’s biologically richest and most endangered terrestrial ecoregions. Chicago
(IL): Cemex.

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB, Kent J. 2000. Biodiversity hotspots for
conservation priorities. Nature. 403(6772):853–858. https://doi.org/10.1038/35002501.

Nahonyo CE, Goboro W, Ngalason S, Mutagwaba R, Ugomba M, Nassoro, Nkombe E. 2017.
Conservation efforts of Kihansi spray toad Nectophrynoides asperginis: its discovery, captive
breeding, extinction in the wild and re-introduction. Tanzan J Sci. 43:23–35.

Newbold T, Oppenheimer P, Etard A, Williams JJ. 2020. Tropical and Mediterranean biodiversity is
disproportionately sensitive to land-use and climate change. Nat Ecol Evol. 4(12):1630–1638.
https://doi.org/10.1038/s41559-020-01303-0.

Newmark WD, McNeally PB. 2018. Impact of habitat fragmentation on the spatial structure of the
Eastern Arc forests in East Africa: implications for biodiversity conservation. Biodivers Conserv.
27(6):1387–1402. https://doi.org/10.1007/s10531-018-1498-x.

Ngalason W, Nahonyo C, Msuya C. 2019. The dynamics of re-introduced Kihansi Spray Toad
Nectophrynoides asperginis and other amphibians in Kihansi Gorge, Udzungwa Mountains,
Tanzania. Tanzan J Sci. 45:584–598.

Ngwava JMCD, Barratt CD, Boakes E, Bwong BA, Channing A, Couchman O, Lötters S, Malonza PK,
Muchai V, Nguku JK, et al. 2021. Species specific or assemblage wide decline? The case of
Arthroleptides dutoiti Loveridge, 1935 and the amphibian assemblage of Mount Elgon, Kenya.
Afr J Herpetol. 70(1):53–60. https://doi.org/10.1080/21564574.2021.1891977.

Pino-Del-Carpio A, Ariño AH, Villarroya A, Puig J, Miranda R. 2014. The biodiversity data knowledge
gap: assessing information loss in the management of Biosphere Reserves. Biol Conserv. 173:74–
79. https://doi.org/10.1016/j.biocon.2013.11.020.

Platts PJ, Burgess ND, Gereau RE, Lovett JC, Marshall AR, McClean CJ, Pellikka PKE, Swetnam RD,
Marchant R. Delimiting tropical mountain ecoregions for conservation. Environ Conserv. 2011.
38(3):312–324. https://doi.org/10.1017/S0376892911000191.

Ponce-Reyes R, Plumptre AJ, Segan D, Ayebare S, Fuller RA, Possingham HP, Watson JEM. 2017.
Forecasting ecosystem responses to climate change across Africa’s Albertine Rift. Biol Conserv.
209:464–472. https://doi.org/10.1016/j.biocon.2017.03.015.

Poynton JC, Howell KM, Clarke BT, Lovett JC. 1998. A critically endangered new species of
Nectophrynoides (Anura: Bufonidae) from the Kihansi Gorge, Udzungwa Mountains, Tanzania.
Afr J Herpetol. 47(2):59–67. https://doi.org/10.1080/21564574.1998.9650003.

R Development Core Team. 2020. R: A language and environment for statistical computing.
Roberts DL, Taylor L, Joppa LN. 2016. Threatened or Data Deficient: assessing the conservation

status of poorly known species. Divers Distrib. 22(5):558–565. https://doi.org/10.1111/ddi.12418.

AFRICAN JOURNAL OF HERPETOLOGY 137

https://doi.org/10.1186/s13104-015-1050-y
https://doi.org/10.1186/s13104-015-1050-y
https://doi.org/10.1016/j.actao.2017.08.006
https://doi.org/10.1016/j.actao.2017.08.006
https://doi.org/10.1111/j.1523-1739.2006.00364.x
https://doi.org/10.1111/j.1523-1739.2006.00364.x
https://doi.org/10.1016/j.biocon.2015.04.016
https://doi.org/10.11646/zootaxa.1541.1.3
https://doi.org/10.1038/s41467-018-06157-6
https://doi.org/10.1038/35002501
https://doi.org/10.1038/s41559-020-01303-0
https://doi.org/10.1007/s10531-018-1498-x
https://doi.org/10.1080/21564574.2021.1891977
https://doi.org/10.1016/j.biocon.2013.11.020
https://doi.org/10.1017/S0376892911000191
https://doi.org/10.1016/j.biocon.2017.03.015
https://doi.org/10.1080/21564574.1998.9650003
https://doi.org/10.1111/ddi.12418


Rohr JR, Raffel TR, Romansic JM, McCallum H, Hudson PJ. 2008. Evaluating the links between climate,
disease spread, and amphibian declines. Proc Natl Acad Sci USA. 105(45):17436–17441. https://
doi.org/10.1073/pnas.0806368105.

Rovero FM, Menegon C, Leonard A, Perkins N, Doggart M Mbilinyi, Mlawila L. 2008. A previously
unsurveyed forest in the Rubeho Mountains of Tanzania reveals new species and range
records. Oryx. 42:16–17.

Rovero F, Menegon M, Fjeldså J, Collett L, Doggart N, Leonard C, Norton G, Owen N, Perkin A, Spitale
D, et al. 2014. Targeted vertebrate surveys enhance the faunal importance and improve explana-
tory models within the Eastern Arc Mountains of Kenya and Tanzania. Divers Distrib. 20(12):1438–
1449. https://doi.org/10.1111/ddi.12246.

Scheele BC, Pasmans F, Skerratt LF, Berger L, Martel A, Beukema W, Acevedo AA, Burrowes PA,
Carvalho T, Catenazzi A, et al. 2019. Amphibian fungal panzootic causes catastrophic and
ongoing loss of biodiversity. Science. 363(6434):1459–1463. https://doi.org/10.1126/science.
aav0379.

Schmitt CJ, Cook JA, Zamudio KR, Edwards SV. 2018. Museum specimens of terrestrial vertebrates
are sensitive indicators of environmental change in the Anthropocene. Philos Trans R Soc
Lond B Biol Sci. 374(1763):20170387. https://doi.org/10.1098/rstb.2017.0387.

Shepard DB, Burbrink FT. 2009. Phylogeographic and demographic effects of Pleistocene climatic
fluctuations in a montane salamander, Plethodon fourchensis. Mol Ecol. 18(10):2243–2262.
https://doi.org/10.1111/j.1365-294X.2009.04164.x.

Streicher JW, Sadler R, Loader SP. 2020. Amphibian taxonomy: early 21st century case studies. J Nat
Hist. 54(1-4):1–13. https://doi.org/10.1080/00222933.2020.1777339.

Stuart SN, Chanson JS, Cox NA, Young BE, Rodrigues ASL, Fischman DL, Waller RW. 2004. Status and
trends of amphibian declines and extinctions worldwide. Science. 306(5702):1783–1786. https://
doi.org/10.1126/science.1103538.

Tydecks L, Jeschke JM, Wolf M, Singer G, Tockner K. 2018. Spatial and topical imbalances in biodi-
versity research. PLoS One. 13(7):e0199327. https://doi.org/10.1371/journal.pone.0199327.

Ugland KI, Gray JS, Ellingsen KE. 2003. The species–accumulation curve and estimation of species
richness. J Anim Ecol. 72(5):888–879. https://doi.org/10.1046/j.1365-2656.2003.00748.x.

Weldon C, Channing A, Misinzo G, Cunningham AA. 2020. Disease driven extinction in the wild of
the Kihansi spray toad, Nectophrynoides asperginis. Afr J Herpetol. 69(2):151–164. https://doi.
org/10.1080/21564574.2020.1752313.

Willcock S, Phillips OL, Platts PJ, Swetnam RD, Balmford A, Burgess ND, Ahrends A, Bayliss J, Doggart
N, Doody K, et al. 2016. Land cover change and carbon emissions over 100 years in an African
biodiversity hotspot. Glob Change Biol. 22(8):2787–2800. https://doi.org/10.1111/gcb.13218.

Wood SN. 2017. Generalized additive models: an introduction with R. 2nd ed. Chapman and Hall/
CRC. https://doi.org/10.1201/9781315370279.

138 H. C. LIEDTKE ET AL.

https://doi.org/10.1073/pnas.0806368105
https://doi.org/10.1073/pnas.0806368105
https://doi.org/10.1111/ddi.12246
https://doi.org/10.1126/science.aav0379
https://doi.org/10.1126/science.aav0379
https://doi.org/10.1098/rstb.2017.0387
https://doi.org/10.1111/j.1365-294X.2009.04164.x
https://doi.org/10.1080/00222933.2020.1777339
https://doi.org/10.1126/science.1103538
https://doi.org/10.1126/science.1103538
https://doi.org/10.1371/journal.pone.0199327
https://doi.org/10.1046/j.1365-2656.2003.00748.x
https://doi.org/10.1080/21564574.2020.1752313
https://doi.org/10.1080/21564574.2020.1752313
https://doi.org/10.1111/gcb.13218
https://doi.org/10.1201/9781315370279

	Abstract
	Introduction
	Materials and methods
	Species records and survey information
	Historical climate and forest cover

	Results
	Historical climate and habitat change
	Qualitative indication of threats to habitat

	Discussion
	Acknowledgements
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice




