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ABSTRACT

ARTICLE HISTORY

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 relatively 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 landscape, 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, understanding 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 concentrated 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 diversity 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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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 landmarks 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,
2
Nectophrynoides paulae, 3Nectophrynoides laticeps, 4Churamiti maridadi, 5Probreviceps cf. durirostris,
6
Probreviceps durirostris.

Uponera) totalling 17 031 ha (Figure 1). Other small patches of protected forest are sometimes 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
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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 compared 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 existence (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 softwood 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 conspeciﬁcs 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 collections 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 existing 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. Information was compiled from ﬁeld notebooks and records of specimens collected by the surveyors (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 purposes, 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, historical 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.
1999

2002

2004

2005

2007

2011

2012

2013

2019

Akker, Highstead

Stanley

Loader, Mariaux

Menegon,
Ngalason, Rovero

Channing,
Ngalason

Frontier Tanzania

Larson

Gvoždík

Lawson, Liedtke,
Loader, Lyakurwa

Start Date
Duration
(days)
Aim

24.08.1990
21

July 1999
31

04.05.2002
2

24.01.2004
5

07.12.2005
3

14.01.2007
39

Bittencourt,
Loader,
Menegon,
Wilkinson
07.12.2011
3

20.04.2012
4

27.04.2013
4

18.02.2019
7

Bird and
herpetofauna
survey

Small mammal
survey

Herpetological
survey

Herpetological
survey

Herpetological
survey

Herpetological
survey

Herpetological
survey

Mamiwa-Kisara
North
Visual encounter
survey

Mamiwa-Kisara
North
Pitfall traps

Ikwamba

4

2

3

2

2

Amphibian
and small
mammal
survey
MamiwaKisara North
Visual
encounter
survey and
pitfall traps
2

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

9

5

7

10

5

9

10

95

57

20

61

13 (includes
tadpole lots)

160

54

Cambridge
University
Undergraduate
Expedition

Field Museum,
Chicago

Akker and
Highstead 1992;

Stanley and
Channing 2002;

Forest
Reserves
Survey
method
Number of
persons
Search hours;
trapping
eﬀort
Amphibian
species
recorded
Amphibian
specimens
collected
Specimens
housed at:

Resulting
publications

Biodiversity &
Herpetological
disturbance survey
survey

Mamiwa-Kisara Mamiwa-Kisara
Mamiwa-Kisara
North
North
North and South
Visual encounter Visual encounter Visual encounter Visual encounter
survey
survey
survey
survey and pitfall
traps

Mikuvi Forest
Reserve
Visual
encounter
survey and
digging
4

Mamiwa-Kisara Mamiwa-Kisara
South
North
Visual
Visual encounter
encounter
survey and pitfall
survey and
traps
digging
1
4

200 person
c.a. 24 person 27 person hours
+ 2.5 hours of hours; 8 buckets
hours; 12
digging (no
buckets for 4
for 4 trapping
trapping
amphibian
nights
nights
found)
9
7
10

27 (includes 1 28 (including 3
44
lot of n = 15 tadpoles and 1
tadpoles)
froglet)
University of Dar University of Dar University of Dar University of Dar
University of
Museum of University of Dar University of Dar
es Salaam/
es Salaam/
es Salaam
es Salaam/Natural Dar es Salaam/ Comparative
es Salaam
es Salaam/
Natural History Museum Scienze,
History Museum Natural History
Zoology,
Natural History
Museum,
Trento
Museum
Harvard
Museum
London
University
n/a
Rovero et al.
Channing et al.
Biodiversity
n/a
n/a
n/s
n/a
2014;
2016
Research and
Channing et al. (A. tenuoplicata
Awareness in
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1990
Surveyors

Notes of
interest

Channing et al.
2005

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

2005; Menegon
et al. 2007

tadpole
description)

Lesser-Known
Eastern Arc
Mountains
(BREAM); Rovero
et al. 2014
Candidate
Description of a Description of a Key objective: To The BREAM project
species
new
new toad
photograph
surveyed four
Probreviceps cf.
Probreviceps
species;
Churamiti
lesser-known
durirostris
species;
Nectophrynoides maridadi, but not
Eastern Arc
Probreviceps
paulae and
found.
Mountain blocks:
durirostris
N. laticeps
Mahenge, Nguru,
(Loader et al.
Rubeho and
2004).
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.

Pitsaw and timber
felling sites,
shamba
encroachment,
poaching
(mammal traps
and snares), ﬁre,
honey harvesting,
path construction.

Key objective:
Key objective:
Leptopelis
rediscover
grandiceps, but
Churamiti
not found.
maridadi, but not
found. Candidate
species of the
Hyperolius
spinigularis
complex (H. cf.
burgessi)

Firewood and
Shamba
Fires, Snares, Bee
timber
encroachment,
keeping,
extraction,
poaching
Firewood and
path
(mammal traps timber extraction
construction,
and snares).
honey
harvesting
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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: nonvegetated 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 deviation = 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 Pickersgill, 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 MamiwaKisara 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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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
Arthroleptis stenodactylus Pfeﬀer, 1893
Arthroleptis xenodactyloides Hewitt, 1933
Leptopelis grandiceps Ahl, 1929
Leptopelis vermiculatus (Boulenger, 1909)
Bufonidae
Churamiti maridadi† Channing and Stanley, 2002
Nectophrynoides laticeps† Channing, Menegon,
Salvidio, and Akker, 2005
Nectophrynoides paulae† Menegon, Salvidio,
Ngalason, and Loader, 2007
Breviciptidae
Callulina cf. kreﬀti§ Nieden, 1911
Probreviceps cf. durirostris§ Loader et al. 2006
Probreviceps durirostris† Loader et al. 2006
Probreviceps loveridgei Parker, 1931
Hyperoliidae
Afrixalus uluguruensis (Barbour and Loveridge, 1928)
Hyperolius cf. burgessi§ Loader et al. 2015
Hyperolius substriatus Ahl, 1931
Pyxicephalidae
Amietia tenuoplicata (Pickersgill, 2007)
Scolecomorphidae
Scolecomorphus vittatus (Boulenger, 1895)
†

6

3

1

2

6
2

10
52

2

27
2
6
3

1
2
41

2
11

10
1
28

2
7
20
4

6

6
3
8

4

1
4

4
5
3

1

1

8

10
1

3

3

1
1

4
7

1

7

59

4
2

10

7

10

6

1

5

3

3

10

1
11

10

1

2

4

3

5

5
16
4

10

2

6

1

1

7

2

1

1

1

§

endemic to the Ukaguru Mountains, likely undescribed endemics

Among collected species, the three most abundantly sampled species were Nectophrynoides laticeps (112 individuals collected), followed by Probreviceps durirostris (75 individuals) 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 temperature seasonality and trends over time (adjusted R 2 = 0.836; Figure 5A). There is a signiﬁcant 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
R 2 = 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
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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 individuals 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 diagrams 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).

(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 R 2 = 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 connecting 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
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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.

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 predicted 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
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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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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 sometimes into the protected forest area.

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 amphibians 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 Probreviceps 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 concentrated 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
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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 breeding 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 abundances, 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 detrimental 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 sustained. 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 Conservation 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, standardised 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 that Mamiwa Kisara
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. Our work outlined here is a call to action to protect the already diminished forests of the Ukaguru Mountains and a signal of what is likely to happen with the other
EAR mountain blocks, if conservation is not prioritised.
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