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ARTICLE INFO ABSTRACT
Article history: Assessments of biodiversity patterns and threats among African reptiles have lagged behind those of other ver-
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mate change vulnerability for the reptiles of Tanzania. A total of 321 reptile species (including 90 Tanzanian
endemics) were assessed using the global standard IUCN Red List methodology and 274 species were also
assessed using the IUCN guidelines for climate change vulnerability. Patterns of species richness and threat as-
sessment confirm the conservation importance of the Eastern Arc Mountains, as previously demonstrated for

Keywords:

Species richness birds, mammals and amphibians. Lowland forests and savannah-woodland habitats also support important rep-
Red List tile assemblages. Protected area gap analysis shows that 116 species have less than 20% of their distribution
Traits ranges protected, among which 12 are unprotected, eight species are threatened and 54 are vulnerable to climate
Protected areas change. Tanzania's northern margins and drier central corridor support high numbers of climate vulnerable rep-
EﬂdemiSH} o tile species, together with the eastern African coastal forests and the region between Lake Victoria and Rwanda.
Conservation priority This paper fills a major gap in our understanding of the distribution and threats facing Tanzania's reptiles, and
demonstrates more broadly that the explicit integration of climate change vulnerability in Red Listing criteria

may revise spatial priorities for conservation.
© 2016 Elsevier Ltd. All rights reserved.
1. Introduction habitats to alpine grasslands (Burgess et al., 2004). Some regions, for ex-

ample the Eastern Arc Mountains, are thought to have acted as both ref-

Tanzania (Fig. 1) is characterised by a diverse range of landscapes uges and areas of speciation during climatic cycles (Fjeldsa and Lovett,
and habitats, from mangroves through diverse savannah and forest 1997; Tolley et al., 2011). Tanzania's central arid region is regarded as
an important element of Africa's ‘Arid Corridor’, facilitating faunal
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Conservation Monitoring Centre, Cambridge, UK. the north (Bobe, 2006; Broadley, 2006). However, there is no documen-
E-mail address: han.meng@consultants.unep-wcmc.org (H. Meng). tation of vertebrate biodiversity patterns at the Tanzanian national
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Fig. 1. General map: regions, major lakes, mountain blocs and cities of Tanzania.

scale, with studies focused on more local biodiversity centres (e.g. East-
ern Arc: Rovero et al., 2014; Coastal Regions: Burgess and Clarke, 2000),
or atregional (e.g. African: Brooks et al., 2001; Burgess et al., 2004; Platts
et al,, 2014) or global scales (Pimm et al., 2014). As Tanzania is party to
many global conventions, in particular the Convention of Biological Di-
versity, the lack of appropriate data on biodiversity patterns and threats
hinders the development of National Biodiversity Strategies and Actions
Plans, and other national policy instruments.

The IUCN Red List of Threatened Species (hereafter ‘the Red List’)
provides the most widely-accepted framework for assessing the
types and severity of threats to the survival of individual species
(IUCN Standards and Petitions Subcommittee, 2014). Species distri-
bution maps compiled during the Red Listing process, using primary
data and expert knowledge, represent a species’ known global range.
In addition, the Red List system also gathers data of threats to spe-
cies, which is being augmented to explicitly consider the threats
from climate change (Carr et al., 2013; Foden et al., 2013). This devel-
opment addresses some of the limitations of the Red List (Akcakaya
etal., 2006) and acknowledges that climate change poses an increas-
ingly significant threat to species.

Reptiles occur throughout Tanzania, with the exception of areas
above the snowline (Spawls et al., 2002). Some reptile species have
very small, restricted ranges and rely upon highly-specific environmen-
tal conditions, such as rainfall and temperature regimes and/or specific
habitats in order to undergo particular life-history events (e.g. Zani and
Rollyson, 2011; Weatherhead et al., 2012). Others, such as viviparous
reptiles need to balance thermal budgets between normal daily
activities and reproductive demands. As such, reptiles are particularly
sensitive to changes in insolation (Sinervo et al., 2008) and may be espe-
cially vulnerable to climate change (Whitfield Gibbons et al.,, 2000).

Protected areas are an important conservation approach to
preventing biodiversity loss. However, the coverage of an existing
protected area network, for example in Tanzania, does not always

reflect the distribution of species that may require protection with ur-
gency (e.g. Sritharan and Burgess, 2012). These gaps can be caused by
various factors during the protected area planning stage, such as not
prioritising threatened or endemic biodiversity patterns, not consider-
ing global climate change as a threat, and biases towards areas that
can least prevent land conversion (Rodrigues et al., 2004; Joppa and
Alexander, 2009).

In this paper we present new and existing reptile data for Tanzania
to show: a) species richness; b) richness of threatened species; and
c) richness of species considered vulnerable to climate change. Reptile
distribution patterns are compared with those for birds, mammals and
amphibians to determine if biodiversity patterns are congruent be-
tween vertebrate groups. Gaps within Tanzania's protected area net-
work are identified by evaluating the extent of reptile range overlap
with protected areas. We also present knowledge-gaps that need to be
filled for more effective conservation practices in the future. Our analy-
ses are targeted at policy-makers and planners, and aim to facilitate the
consideration of biodiversity in planning and conservation decision-
making and the better understanding of future protection
requirements.

2. Data and methodology
2.1. Species data and the Red List assessment process

Species data came from two sources: i) an [UCN Red Listing Work-
shop in Bagamoyo, Tanzania (January 2014); and ii) published IUCN
Red List assessments. Nine expert herpetologists (from the author list:
CM; IS; JCh; JB; KH; PM; PW; SS; WB) attended the 2014 workshop
where they completed the standard IUCN Red Listing process (IUCN
Standards and Petitions Subcommittee, 2014; [UCN, 2015) and also pro-
vided climate change vulnerability-related trait information (see
Section 2.2). Prior to this workshop a total of 37 Tanzanian reptile

vation (2016), http://dx.doi.org/10.1016/j.biocon.2016.04.008
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species (excluding marine species) had been assessed for the [UCN Red
List, although many were considered in need of updating.

The preliminary list of Tanzanian reptile species was derived from
Spawls et al. (2002) and Menegon et al. (2008). This was cross-
referenced against field guides and atlases from other regions of Africa
that share species with Tanzania (Southern Africa — Branch, 1998;
West Africa — Trape et al., 2012a; Trape and Mané, 2006a; Cameroon
— Chirio and LeBreton, 2007, Ethiopia — Largen and Spawls, 2010;
Somalia — Lanza, 1990), and the Reptile Database (http://
www.reptile-database.org) (Uetz and HoSek, 2013) was used to identify
more recent descriptions. Inconsistencies between these lists were re-
ferred to experts for resolution. A number of major taxonomic studies
and revisions have been undertaken since Spawls et al. (2002); key ref-
erences consulted in this regard include Broadley and Wallach (2007,
2009: Typhlopidae); Adalsteinsson et al. (2009: Leptotyphlopidae);
Trape et al. (2006: Atractaspis); Trape and Mané (2006b); Trape et al.
(2012b) (Dasypeltis) and Kelly et al. (2008: Psammophiidae). One spe-
cies, Agama dodomae, was included prior to its formal description fol-
lowing discussions with the describing author, as the description was
due to be published prior to finalisation of the Red List results
(Wagner, 2014). Species lists for chameleons, pythons and vipers
were confirmed by the relevant IUCN SSC Specialist Groups.

Reptile range maps are presented on a 10 arc-minute grid (c. 19 km
at the equator). To reduce errors of commission, we removed grid cells
containing no elevations or habitat types deemed suitable for the spe-
cies, following the procedure used for other taxa (Rondinini et al.,
2005; Foden et al., 2013).

Through this process, we compiled distributional data for 279 of the
321 reptile species known to occur in Tanzania (Table 1), spanning 26
families and 102 genera (Table 2). We compiled Red List data for all
321 species, providing 184 published assessments and 137 ‘draft’ as-
sessments (i.e. currently unpublished; Table A1, Annex 1).

To investigate the spatial congruence of reptile species richness and
richness in other vertebrate groups, we obtained range maps for 188
amphibian, 356 mammal, and 1046 bird species, all recorded as occur-
ring in Tanzania, from the IUCN Red List of Threatened Species (IUCN,
2015)(http://www.iucnredlist.org/technical-documents/spatial-data).
For consistency with reptile richness, individual species maps were
gridded at 10 arc-minute resolutions and summed over species within
a group. We summarised spatial congruence between group richness
using a Taylor diagram (Taylor, 2001), which normalises richness in
each group to the interval [0,1], and then plots a comparison of standard
deviations, Pearson correlations and centred root-mean-squared differ-
ences between reptile richness and richness in other groups (Taylor,
2001). Due to potentially confounding effects of spatial autocorrelation,
values of Pearson's r were checked against those derived from spatially
random samples of 30 cells (1% of the total), such that the mean dis-
tance (km) between adjacent sampling points was 101 + 10 s.d. over
10,000 repetitions.

Table 1

22. Climate change vulnerability

We applied the IUCN Climate Change Vulnerability Assessment
Framework (Carr et al,, 2013, 2014; Foden et al., 2013) to 274 reptile
species (Table 1). This framework uses biological traits and ecological
requirements (hereafter ‘traits’) to infer high sensitivity and/or low
adaptive capacity to climate change, together with measures of individ-
ual species’ projected exposure to change, to develop an overall insight
into each species' relative vulnerability to climate change.

We gathered data on 11 individual traits across four trait groups (re-
ferred to as ‘level 1’ in Table A2.2, Annex 2) to identify species with high
sensitivity to climate change: (i) specialised habitat/microhabitat re-
quirements; (ii) narrow environmental tolerances or thresholds that
are likely to be exceeded due to climate change at any stage in the life
cycle; (iii) dependence on a specific environmental trigger (e.g. for mi-
gration or reproduction) that is likely to be disrupted by climate change;
and (iv) dependence on inter-specific interactions, likely to be
disrupted by climate change. To assess poor adaptive capacity, we
used five individual traits across two level 1 trait groups (Table A2.3,
Annex 2): (i) poor dispersability; (ii) poor evolvability, defined as low
capacity to adapt in-situ through genetic micro-evolution, based on
proxies relating to a species' reproductive output and/or generation
length. Species possessing at least one trait under either of these two
components were considered to have high climate sensitivity or low
adaptive capacity, according to the respective trait (Foden et al,, 2013).

Species’ exposure to climate change was assessed by overlaying
projected changes in biologically-relevant climatic variables on species’
distribution maps (Table A2.1, Annex 2). Climate grids for 1950-2000
were from WorldClim (Hijmans et al., 2005). For consistency with cli-
mate change vulnerability assessments of other groups (amphibians,
birds and mammals), we used mean values to resample WorldClim
grids from 30” (c. 1 km) to 10’ (c. 19 km). For future climate (2041-
2070 and 2071-2100) we used data from AFRICLIM v1 (Platts et al.,
2015), which provides high-resolution ensemble means derived in a
two-step downscaling procedure from eight CMIP5 General Circulation
Models (GCMs): CanESM2, CNRM-CM5, EC-EARTH, GFDL-ESM2G,
HadGEM2-ES, MIROC5, MPI-ESM-LR and NorESM1-M. First, each GCM
was dynamically downscaled to a resolution of 0.44° (¢. 50 km) using
the SMHI-RCA4 regional climate model, in order to better capture cli-
matic processes operating at sub-GCM scales. Second, regional outputs
were empirically downscaled (bias-corrected) against the WorldClim
baselines (Platts et al., 2015). Two representative concentration path-
ways (RCPs) of the IPCC-AR5 were considered, characterising a
stabilisation of radiative forcing shortly after 2100 (RCP4.5) or increas-
ing greenhouse gas emissions over time (RCP 8.5) (van Vuuren et al.,
2011).

Using these data, we calculated the projected changes in four vari-
ables: (i) absolute change in mean temperature; (ii) ratio of change in
total precipitation; (iii) absolute change in temperature variability (cal-
culated as the average absolute deviation from the mean); and (iv) ratio

Number of Tanzanian reptile species with available distribution maps that were assessed for Red List status and/or climate change vulnerability.

Sources of species data Number of species with

available distribution maps

Number of species included
in Red List Assessment

Number of species included in Climate
change Vulnerability Assessment

Bagamoyo Workshop, January 2014, Tanzania 269°
Additional species (predominantly chameleons) 10
Total 279

276° 274°
45 Not assessed
321 274

2 Ofall epecies, 273 had available distribution maps, but the full distributions of four species were uncertain at the time of analysis, and so their distribution maps were excluded: Causus
bilineatus, Congolacerta vauereselli, Gonionotophis unicolor (now Gonionotophis chanleri following Lanza and Broadley, 2014) and Hemidactylus modestus.

b Of the 280 species considered at the Bagamoyo workshop, four were omitted: Agama persimilis and Telescopus dhara, due to their first records from Tanzania being new reports;
Lygodactylus gutturalis and Megatyphlops mucroso (now Afrotyphlops following Hedges et al., 2014) were omitted due to errors regarding their countries of occurrence at the time of data

collection.

¢ Trait data were collected only for species considered at the Bagamoyo workshop, of which, in addition to the four species omitted from Red List assessment, a further two species were
excluded from the climate change vulnerability assessment: Python sebae was omitted from the assessment process due to human error; Lycophidion pembanum was only ever known
from historical records and was therefore not considered in this study. See Table 2 for more detail on the number of species not assessed for climate change vulnerability.
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Table 2

Taxonomic table summarising reptile species considered in this paper. For each species family, numbers of total species, genera, endemic species, as well as numbers of species that are
Critically Endangered (CR), Endangered (EN), Vulnerable (VU), Near Threatened (NT), Least Concern (LC), Data Deficient (DD), Not Evaluated (NE) and climate change-vulnerable are

included. ‘N/A’ means the species’ Red List status was not set at the time of analysis.

Family Total species  Genera  Endemic CR EN VU NT LC DD N/A NE CCvulnerable  Not assessed for CC vulnerability
Agamidae 9 2 3 0 0 1 0 8 0 0 0 0 1
Amphisbaenidae 10 4 7 0 0 0 0 2 8 0 0 6

Atractaspididae 17 6 1 0 0 1 0 16 0 0 0 7

Boidae 1 1 0 0 0 0 0 1 0 0 0 0

Chamaeleonidae 39 5 24 1 9 1 4 24 0 0 0 0 39
Colubridae 36 15 3 0 1 1 1 33 0 0 0 4 1
Cordylidae 6 3 1 0 0 0 0 5 1 0 0 3

Crocodylidae 2 2 0 1 0 0 0 1 0 0 0 0 2
Elapidae 14 4 0 0 0 1 0 13 0 0 0 2 1
Eublepharidae 1 1 0 0 0 0 0 1 0 0 0 1

Gekkonidae 36 8 15 1 0 5 2 20 8 0 0 16 1
Gerrhosauridae 5 3 1 0 1 0 0 4 0 0 0 0

Grayiidae 2 1 0 0 0 0 0 2 0 0 0 0

Lacertidae 15 8 1 0 0 0 1 12 1 0 1 9

Lamprophiidae 14 3 2 0 0 0 0 11 3 0 0 0 1
Leptotyphlopidae 11 2 2 0 0 0 0 6 3 2 0 8

Natricidae 3 1 1 0 0 0 0 3 0 0 0 1

Prosymnidae 6 1 2 1 0 1 0 4 0 0 0 4

Psammophiidae 18 5 0 0 0 0 0 17 1 0 0 0

Pseudaspididae 1 1 0 0 0 0 0 1 0 0 0 0
Pseudoxyrhophiidae 3 2 2 0 0 2 0 1 0 0 0 0

Pythonidae 2 1 0 0 0 0 1 1 0 0 0 0 1
Scincidae 38 14 13 0 4 2 0 24 6 1 1 17

Typhlopidae 16 4 9 0 2 2 0 7 4 1 0 8

Varanidae 2 1 0 0 0 0 0 2 0 0 0 0

Viperidae 14 4 3 1 0 3 1 9 0 0 0 0

Total 321 102 90 5 17 20 10 228 35 4 2 86 47

of change in precipitation variability (calculated in the same manner as 3. Results

iii). A species was designated as ‘highly exposed’ if its exposure with re-
spect to any of these variables exceeded a given threshold. Following
Foden et al. (2013) and other applications of the [UCN Climate Change
Vulnerability Assessment Framework (e.g. Carr et al, 2013, 2014),
thresholds were fixed across scenarios, at levels determined by the
quartile of most severely exposed species under RCP4.5 (2041-2070).

Assessments of sensitivity, adaptability and exposure to climate
change were combined to determine each species' overall vulnerability.
Following Foden et al. (2013), only species scoring ‘high’ in all three
components were considered to be climate change-vulnerable. Of the
274 species assessed for climate change vulnerability, 113 (41.2%) and
56 (20.4%) had unknown final adaptability and sensitivity scores, re-
spectively (i.e. data were unavailable for at least one trait, and assess-
ments were scored ‘low’ for all other traits in that group; see Table A3,
Annex 3). To account for these missing trait data, we ran each assess-
ment twice, assuming each missing data point as either ‘low’ (optimistic
scenario) or ‘high’ (pessimistic scenario).

2.3. Protected area gap analysis

Using all species distribution data, we assessed the degree of overlap
with protected areas (WDPA; IUCN and UNEP-WCMC, 2014). Protected
areas with only location (no boundary) information were omitted from
the analysis as it was not possible to calculate their overlap with species’
ranges. All categories of protected area were included (618 polygons in
total). This protected area network consists of 14 designation category
types, with Forest Reserves comprising the majority (498; 80% of
protected areas).

For each reptile species, we calculated protected area coverage with-
in arbitrary protection thresholds of 0-10% and 10-20% of the respec-
tive species' range. These thresholds are not specific to the levels of
habitat availability or integrity required for species' survival, but high-
light generally low levels of protection that may be targeted for inter-
vention on a site-by-site or species-by-species basis.

The overall distribution pattern of reptile species richness highlights
the Eastern Arc Mountains and the central and eastern regions of
Tanzania as centres of reptile diversity (Fig. 2). Reptile richness is
strongly correlated with amphibian richness (Pearson's r = 0.61 on
both the full dataset and under subsampling), moderately correlated
with bird richness (r = 0.45 [0.38 under subsampling]), and weakly cor-
related with mammal richness (r = 0.14 [0.21 under subsampling]).

Ninety (28%) reptile species are endemic to Tanzania (Table Al,
Annex 1). A particularly diverse and endemic-rich group is the chame-
leons, with 24 endemics out of 39 species in total. Other diverse genera
include the geckos Lygodactlylus (17 species in total) and Hemidactylus
(7), the scincid genus Trachylepis (11), and the fossorial skink genera
Melanoseps (7) and Scolecoseps (2). Tanzania's terrestrial and arboreal
snake fauna also contains high diversity within the genera Philothamnus
(11), Psammophis (10) and Lycophidion (9), as do burrowing snakes,
such as the scolecophidian genera Afrotyphlops (6) and Leptotyphlops
(9).

3.1. Diversity and distribution of threatened reptiles

Forty-two (13%) reptile species are (provisionally, pending final re-
view and publication) considered to be globally threatened with extinc-
tion (Vulnerable, Endangered or Critically Endangered), and 36 (11%)
have been assessed as Data Deficient (Table A1, Annex 1).

The highest concentrations of threatened species (up to 16 species
per grid cell) are found in the Eastern Arc Mountains, especially the
East Usambara Mountains near Tanga and the Uluguru Mountains
near Morogoro (Fig. 3a, b). Other montane areas, such as Mt. Kilimanja-
ro, the Udzungwa Mountains and the Nguru Mountains, have up to
eight threatened reptile species per grid cell. Other montane or coastal
locations (Katavi, Rukwa, Lindi, Pwani, Mbeya and Njombe) contain
one or two threatened species per grid cell. These patterns generally fol-
low those of other vertebrate groups, with the East Usambara and
Uluguru mountains always being prioritised, but the relatively low
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Standard deviation

Fig. 2. Overall distribution pattern of reptile species richness (a) in Tanzania, in comparison with the richness patterns of amphibians (b), birds (¢) and mammals (d). Normalising richness
in each group to the interval [0,1], Taylor diagram (e) shows standard deviations (sd, y-axis) compared with reptiles (gecko on the x-axis), as well as Pearson correlations (r, following
straight lines from the origin) and centred root-mean-squared differences (rms, radial distances from gecko) between reptile richness and richness in other groups. For example, reptile
richness is most highly correlated with amphibians (r = 0.61, rms = 0.14), while the variance is most similar to birds (sd = 0.17).

ranking of the Udzungwa Mountains differs from other groups where
this mountain is normally the most important (see Rovero et al,, 2014).

Our assessment of non-climatic threats to reptiles shows that ‘agri-
culture/aquaculture’ and ‘biological resource use’ present the most sig-
nificant threats (Table 3). Within these broad classifications, ‘small-
holder farming’, ‘logging and wood harvesting’ and ‘hunting and trap-
ping’ (both for ‘intentional use’ and for ‘persecution/control’) are com-
mon threat types.

The international pet trade poses a threat to some restricted-range
reptile species, including Tanzanian endemics. In Tanzania, the majority
of chameleon species are traded, often at unsustainable levels. The tur-
quoise dwarf gecko (Lygodactylus williamsi) (Critically Endangered) is
currently collected at unsustainable levels (Flecks et al., 2012). The pan-
cake tortoise (Malacochersus tornieri) is also threatened by the pet trade
(Klemens and Moll, 1995; UNEP-WCMC, 2015). Savannah-endemic
species, such as Agama dodomae, are collected and traded in high and
potentially unsustainable numbers (Wagner, 2010).

3.2. Diversity and distribution of climate change-vulnerable reptiles

For the period 2041-2070, using climate projections based on the
RCP4.5 emission pathway a total of 186 species (68%) were considered

as ‘high’ and 87 species (32%) as ‘low’ in terms of their projected expo-
sure to climate change (Table A2.1, Annex 2). One species (<1%) was
‘unknown’, and this remained across all combinations of time periods
and emissions pathways. For the period 2071 to 2100, based on RCP
4.5 (but using the same thresholds determined for the above results),
270 species (98.5%) were considered ‘high’ and three (1%) as ‘low’.
Using RCP 8.5, for both time periods, and again using the same thresh-
olds, 273 species (>99%) were considered ‘high’ and zero as ‘low’.

A total of 194 reptile species (71% of the 274 assessed) possess traits
that make them sensitive to climate change (Table A2.2, Annex 2).
Within our analysis the most common traits were habitat specialisation
(Trait S1; 117 species; 43%) and dependence upon specific microhabi-
tats (Trait S2; 72 species; 26%). Data gaps on the sensitivity of reptile
species were most common when considering environmental cues
and triggers that may be disrupted by climate change (Trait S8) and
negative species interactions that may increase as a result of climate
change (Trait S11), which were unknown for 116 (42%) and 126
(46%) species, respectively.

One hundred and fifty-nine species (58%) were assessed as
possessing traits that make them poorly able to adapt to climate change
(Table A2.3, Annex 2). Among these traits, a low intrinsic capacity to dis-
perse (Trait A2) was the most common, present in 136 species (50%).

vation (2016), http://dx.doi.org/10.1016/j.biocon.2016.04.008
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(b)

@

Fig. 3. Relative richness of globally threatened (a, b) and climate change-vulnerable (c, d) reptiles in Tanzania. Top (a, c) and bottom (b, d) rows show, respectively, numbers and percent-
ages (of the total number present) of species in these groups, per 10 arc-minute grid cell. Threatened species were assessed as Vulnerable, Endangered or Critically Endangered according
to the JUCN Red List guidelines. Climate change vulnerability was determined using trait-based measures of sensitivity and adaptability, combined with climate change exposure by 2041-
2070, under emissions pathway RCP4.5 and using optimistic assumptions for all unknown data values. Note that maps represent differing total numbers of species, as described in Table 1.

Also note that the chameleons were not assessed for climate change vulnerability.

Data for traits relating to a species' capacity to adapt to change in-situ
through genetic micro-evolution (Traits A4 and A5) were missing in
many cases: information on reproductive output (Trait A4) was unavail-
able for 240 species (88%), and information on species maximum lon-
gevity (a proxy for generation length (Trait A5)) was unavailable for
264 species (96%).

When combining the exposure, sensitivity and adaptive capacity
components, 86 (31%) or 175 (64%) reptile species were considered vul-
nerable to climate change by 2041-2070, using climate projections
based on the RCP4.5 emissions pathway, and an optimistic or pessimis-
tic assumption of missing data values, respectively (Fig. 4; Table A3,
Annex 3). These numbers increase to 125 (46%) (optimistic) or 248
(90.5%) (pessimistic) under rising emissions (RCP 8.5), and to 122
(45%) (optimistic)/245 (89%) (pessimistic) or 125 (46%) (optimistic)/
248 (90.5%) (pessimistic) by 2071-2100 for RCP 4.5 and RCP 8.5, re-
spectively (Table A3, Annex 3).

Focusing on mid-century (2041-2070) under RCP 4.5, which we
consider more immediately relevant to conservation, the highest
concentrations and proportions of climate change-vulnerable reptile
species (up to 18 species per grid cell) are found in the dry habitats of
northern Tanga (Fig. 3¢, d). A broad area with 10 to 13 climate
change-vulnerable reptile species per grid cell is found in the

northeastern (bordering Kenya) and eastern (coastal and inland)
parts of Tanzania. There are also regions of importance in Kagera,
Rukwa, Dodoma, Morogoro and the islands of Zanzibar, Pemba and
Mafia. These trends, although not absolute numbers, are consistent
across emissions pathways (RCP 4.5 or RCP8.5) and time-spans
(2041-2070 or 2071-2100), and under different assumptions for
missing data values (Table A3, Annex 3). Note, however, that maps
are only presented for the RCP 4.5/2041-2070 combination). These
areas are not congruent with areas highlighted previously as con-
taining high numbers of threatened species, a point which is
discussed later in this paper.

3.3. Gaps in Tanzania's protected area network

Of the assessed reptile species with available distribution maps, 116
(42%) have less than 20% of their Tanzanian ranges protected by the cur-
rent protected area network (54 of these with <10%). Of the species
with <20% protected, eight are threatened, and 54 to 70 (or 47-60%)
are vulnerable to climate change under the RCP 4.5/2041-2070 to RCP
8.5/2071-2100 combinations (Table 4). Four Tanzanian endemic
species have no protection at all: Chirindia ewerbecki, Chirindia
mpwapwaensis, Ichnotropis tanganicana and Melanoseps pygmaeus.
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Table 3

Major threats and threat-types (using [UCN's Red List classification scheme) known to be
affecting reptile species in Tanzania. Note: Threat type ‘climate change and severe weath-
er’ should not be compared to the trait-based climate change vulnerability assessment
which aims to identify species that are not yet impacted to a degree that can be used in
Red List assessment.

Threat category Threat types within each Number
category of reptile
species
affected
Agriculture and Small-holder farming 38
aquaculture Small-holder grazing, ranching or farming 6
Agro-industry farming 6
Shifting agriculture 5
Agro-industry plantations 5
Small-holder plantations 1
Agro-industry grazing, ranching or farming 1
Residential and Housing and urban areas 8
commercial Commercial and industrial areas 3
development
Biological resource use  Logging and wood harvesting 17
(unintentional effects)
Hunting and trapping (intentional use) 14
Intentional use: species is the target 11
Hunting and trapping (persecution/control) 11
Unintentional effects: subsistence/ 6
small scale harvesting
Intentional use: subsistence/ 1
small scale harvesting
Climate change and Habitat shifting and alteration 2
severe weather Temperature extremes 1
Droughts 1
Increase in fire frequency/intensity 1
Invasive and other Problematic native species/diseases 2
problematic species, Invasive non-native/alien species/diseases 1
genes and diseases
Human intrusions Recreational activities 1
and disturbance
Pollution Herbicides and pesticides 3
Domestic and urban waste water 1
(type unknown)
0il spills 1
Soil erosion, sedimentation 1
Energy production Mining and quarrying 4
and mining 0il and gas drilling 1
Natural system Dams (size unknown) 3
modifications Increase in fire frequency/intensity 3
Other ecosystem modifications 1

Gaps in the current protected area network were located in places
that host high proportions of globally threatened and climate change-
vulnerable species (Fig. 5). This includes mountain areas north of Lake
Malawi (Southern Highlands), large parts of the Eastern Arc Mountains,
as well as some small coastal forest patches (southern Lindi and south-
ern Liwale) in the south-eastern part of the country.

Based on the above results, we identified nine species that are glob-
ally threatened, endemic to Tanzania and climate change-vulnerable
under all four combinations of year and emissions scenario (Table A1,
Annex 1 and Table A3, Annex 3): Afrotyphlops usambaricus, Lygodactylus
conradti, L. gravis, Proscelotes eggeli, Prosymna ornatissima, Scelotes
uluguruensis, Typhlacontias kataviensis, Urocotyledon wolterstorffi and
Xyelodontophis uluguruensis. Among them, three (L. gravis, P. eggeli and
X. uluguruensis, see photos in Panel 1) have protected area coverage
less than 20%.

4. Discussion
4.1. Major threats to Tanzanian reptiles

Agriculture poses an important and increasing threat to Tanzania's
reptiles. Demand for arable lands is high (Newmark, 2002) and is

projected to increase (Rosegrant et al., 2005) as a consequence of
Tanzania's rapid population growth, low productivity of traditional

Exposed
186 (68%)
Climate
change-
vulnerable
86 (31%)

Sensitive LOW. .
194 (71%) adaptability
159 (58%)

Fig. 4. Numbers and percentages of the 274 species considered for the climate change
vulnerability assessments falling into each of the three framework dimensions.
Measures of exposure use climate projections to 2041-2070 under RCP4.5, and all
dimensions treat unknown data points optimistically (i.e. assuming that are not
negatively impacting the species).

agricultural practices and predominantly rain-fed production (MAFAP,
2013).

Farmland covers a large proportion of the Eastern Arc region, which
contains forests and montane grasslands that are the most biologically
diverse areas for reptiles in Tanzania. The Eastern Arc region has lost
over 75% of its forest cover to agriculture (Hall et al., 2009) and now
also supports a high human population density mostly reliant on subsis-
tence agriculture (Platts et al., 2011).

The Eastern Arc region is also highly vulnerable to logging, and other
wood uses, particularly due to its relative proximity to the rapidly
expanding city of Dar es Salaam, and the associated increasing pressures
on forest resources (Ahrends et al, 2010; Schaafsma et al., 2014).

The development of softwood plantations in Tanzania's montane
grasslands poses threats to grassland-specialised endemics such as the
Udzungwa long-tailed seps (Tetradactylus udzungwensis) (Endangered).
Similar pressures are likely to threaten the Southern Highlands grass-
land lizard and the Ukinga mountain skink (Trachylepis brauni) (Vulner-
able) in the future. Softwood plantations may expand in the grasslands
around the existing Sao Hill plantation (Ngaga, 2011).

Tanzania is one of the four major chameleon-exporting countries in
Africa (others being Madagascar, Togo and Kenya), accounting for 15%
of the individuals and 38 species being exported and recorded by import
countries between 1977 and 2001 (Carpenter et al., 2004). The latest of-
ficial CITES trade records indicate that a few hundred specimens were
legally traded in 2014 (although significant illegal trade is suspected).
Anderson (2014) argued that the absence of leaf chameleons
(Rhampholeon species) on CITES regulations has led to unsustainable
harvesting and export of species from this group, for example
Rhampholeon spinosus (Endangered). Trade is also a major threat to
Tanzania's marine turtles, tortoises and pythons. Turtles and their prod-
ucts are traded internationally, supplying protein, leather, oil and orna-
mental objects to markets in Europe, America and Asia (Muir, 2005).
Pythons are threatened by the emerging trade in skins (and, reputedly,
meat).

4.2, Climate change impacts

The Red List is acknowledged to have shortcomings when consider-
ing climate change impacts (Akcakaya et al., 2006). Such shortcomings
were the primary factor leading IUCN to develop and apply its trait-
based climate change vulnerability assessment approach.

The climate change vulnerability methodology used here employs
arbitrary thresholds for continuous variables (e.g. 25% of species with
greatest exposure to change in a given variable), rather than empirically
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Table 4

Summary of the number and proportion of species being poorly protected in terms of low protected area coverage (Tier 1 and Tier 2) and the number and proportion of species being
assessed as vulnerable within each of the two categories, according to Red List assessments (threatened or Data Deficient species) and climate change vulnerability assessments for
2041-2070 and 2071-2100 using RCP 4.5 and RCP 8.5. ‘CC — Climate Change; ‘PA’ — Protected Area.

Total No. of species No. and % of poorly protected species
with valid maps among species with valid maps

No. and % of species assessed as climate change-vulnerable

within each of the two ‘poorly protected species’ categories

Red List data Red List cC CcC cC cC
deficient threatened (2041-2070, (2041-2070, (2071-2100, (2071-2100,
RCP 4.5) RCP 8.5) RCP 4.5) RCP 8.5)
90 66 <10% PA coverage 14 (74%) 0 15 (79%) 17 (89%) 18 (95%) 18 (95%)
Tanzanian endemic species 19 species
>10% and <20% PA coverage 2 (15%) 7 (54%) 6 (46%) 9 (69%) 9 (69%) 9 (69%)
13 species
Total: 32 (48%) 16 (50%) 7 (22%) 21 (66%) 26 (81%) 27 (84%) 27 (84%)
321 279 <10% PA coverage 18 (33%) 0 29 (54%) 34 (63%) 36 (67%) 36 (67%)
All assessed species 54 species
>10% and <20% PA coverage 2 (3%) 8 (13%) 25 (40%) 34 (55%) 34 (55%) 34 (55%)
62 species
Total: 116 (42%) 20 (17%) 8 (7%) 54 (47%) 68 (59%) 70 (60%) 70 (60%)

Epyright© 2014 Es}

B —
Threatened Reptiles {%)

——— Protected Areas
- Water bodies

Fig. 5. Current protected area network (WDPA; IUCN and UNEP-WCMC, 2014) in Tanzania overlaid on a bivariate map of climate change-vulnerable and globally threatened reptile spe-
cies. Key gaps in protection of such species are: areas around the north of Lake Malawi, large areas of the Eastern Arc Mountains only partly covered by a scatter of protected areas as well as
some small patches (southern Lindi and southern Liwale) in the south-eastern part of the country. CC = Climate Change.
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©William Branch

F Lygodactylus gravis

©William Branch

Xvelodontophis uluguruensis

(b)

Panel 1. Based on all assessments in this paper, we highlighted three species that are globally threatened, endemic to Tanzania, and climate change-vulnerable under all four combinations
of year and emission scenario and poorly protected (protected area coverage of 14-20%): Lygodactylus gravis (a), Xyelodontophis uluguruensis (b), and Proscelotes eggeli (no photo of

P. eggeli was available to the authors).

tested thresholds of vulnerability. Our results therefore give an indica-
tion of which reptiles are likely to be most vulnerable to climate change
within this group, but it is inappropriate to compare degrees of vulner-
ability between different taxonomic groups. Although this protocol
broadly followed Foden et al. (2013), the use of reproductive output
or generation length as a proxy for adaptive capacity may need further
consideration. Other factors (e.g. body size) may provide better proxies
for adaptive capacity.

When comparing spatial priorities for non-climate threatened rep-
tiles with those for climate threatened reptiles, it is clear that these
are not congruent. The main areas of non-climate threat are in the East-
ern Arc and coastal forests in the east of the country, whereas the main
areas of climate threat are in the northern coastal and north western
margins of the country. This demonstrates how these two measures
suggest different priority regions within a single country. Similar results
were found at the Africa-wide scale by Garcia et al. (2014). Within
Tanzania the current Red List assessment for reptiles primarily indicates
regions suffering from the impacts of agricultural expansion, logging
and the pet trade. These tend to be focused on the mountains and low-
land forests in the east of the country. In comparison, the regions where
climate change is projected to be more of a challenge are located mainly
in the north and west of the country, in already drier regions where
human use is less of an issue. As climate vulnerability assessments are,
however, missing for chameleons, it is possible that the vulnerability
of some mountain regions for reptiles has been underestimated in this

paper.
4.3. Key areas for the conservation of Tanzanian reptiles

It might be expected that the cooler and wetter mountain regions
would be less favourable to ectothermic reptiles, when compared with
warmer lowlands. However, this is not the case and Tanzania shows
broadly the same patterns of richness for reptiles as for other vertebrate
groups (Fig. 2; Rovero et al,, 2014), though less so for mammals. In par-
ticular, the Eastern Arc emerges as by far the most important region of
the country for reptiles, as it is for other vertebrate groups. This may
be a product of allopatric speciation and/or a high diversity of available
niches (Szabo et al., 2009; Belmaker and [etz, 2011), but may also be the
result of more intense collecting efforts in the Eastern Arc, as previously
demonstrated by the relationship between funding for biodiversity

surveys and plant and vertebrate biodiversity measures (Ahrends
etal., 2011; Rovero et al, 2014).

Our analysis shows that although most priority areas for reptiles in
Tanzania such as the Eastern Arc region are already legally protected
within reserves under various categories, especially Forest Reserves
under the Tanzania Forest Service, gaps still exist when comparing the
protected area coverage with globally threatened and climate change
vulnerable species’ distribution ranges. Furthermore, some of these re-
serves are, in reality, poorly funded relative to, for example National
Parks (Green et al., 2012) and suffer considerable encroachment, degra-
dation and deforestation (Ahrends et al., 2010; Pfeifer et al., 2012). This
means that in order to ensure the long term conservation of reptiles in
Tanzania, improved management of some reserves and in some cases
the reconsideration of the reserves' range is critical.

4.4. Gaps in knowledge

As with most other regions, the distribution of Tanzania's reptiles is
imperfectly known, with new species being regularly described (e.g.
Menegon et al., 2011; Rovero et al., 2014). The rate of new reptile de-
scriptions in Africa shows little indication of reaching a plateau
(Menegon et al., 2015), and species numbers have increased by 65% in
the last 26 years (Branch unpubl. obs.). Within Tanzania it is likely
that the number of discovered reptile species, and hence their inferred
patterns of richness and endemism, to some extent follow the intensity
of collecting efforts and the availability of funding used on field surveys
(Rovero et al., 2014). Elsewhere in Africa, new discoveries are often in
reptile groups associated with rocky and xeric habitats (Branch, 2014).
In Tanzania such habitats remain particularly poorly surveyed, despite
a number of studies (e.g. Broadley, 2006; Bauer and Menegon, 2006) in-
dicating that they contain hidden diversity. For instance, the biodiversi-
ty wealth of Eastern Arc Mountains is well known due to the extensive
scientific focus it has obtained, but the Southern Highlands, to the south
of Eastern Arc Mountains, divided by the Makambako gap, remains
poorly known and has stronger affinities to the Eastern Arc than was
previously acknowledged (Menegon et al., 2015).

The findings presented by this paper, around the distribution pat-
terns of species richness, globally threatened species and climate
change vulnerable species and the gaps existing in current protected
area network, provide valuable information for policy makers, national
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and international conservation communities. We believe the results will
help improve Tanzania's conservation action plans and investment
strategies that contribute to closing knowledge-gaps on reptiles and
other biodiversity.
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Table A1 Summary of the endemism, Red List category (NE: Not Evaluated; LC: Least Concern; DD: Data Deficient; NT: Near Threatened; VU:
Vulnerable; EN: Endangered; and CR: Critically Endangered. Asterisk denotes a provisional, currently unpublished assessment), threatened status,

forest dependence, distribution map availability and protected area coverage for each of the 321 assessed reptile species in Tanzania.

. Tanzanian |IUCN Red List Forest Map Species Range |, . tedArea [Percentage of
Species Name . Threatened A within Tanzania 2 Protected Area
Endemic  |Status Dependent |Availability 2 Coverage (Km®)
(Km?) Coverage (%)
Family: AGAMIDAE Total Number:9 Endemic:3 Climate Change Vulnerable: 0 Threatened: 1  Forest Dependent: 1
Acanthocercus atricollis LC N N Y 18,276.14 4,267.95 23.353
Agama armata LC* N N Y 148,992.81 61,144.96) 41.039
Agama dodomae Y LC N N Y 286,381.80) 67,634.57 23.617
Agama kaimosae LC N N Y 16,014.64 7,734.13 48.294
Agama lionotus LC* N N Y 31,094.02 7,811.96 25.124
Agama montana Y VU Y Y Y 10,323.97 4,351.87 42.153
Agama mossambica LC* N N Y 225,338.03 89,290.73 39.625
Agama mwanzae LC N N Y 170,536.36 74,286.21 43.56
Agama turuensis Y LC N N Y 1,726.84 59.287 3.433
Family: AMPHISBAENIDAE Total Number: 10 Endemic: 7 Climate Change Vulnerable: 6 Threatened: 0  Forest Dependent: 2
Ancylocranium barkeri Y DD N N Y 1,246.13 149.791] 12.02
Ancylocranium ionidesi Y DD N Y Y 545.105 159.027| 29.174
Chirindia ewerbecki Y DD* N N Y 0 0 0
Chirindia mpwapwaensis Y DD N Y Y 0 0 0
Chirindia rondoensis Y DD* N N Y 10,143.25 285.274 2.812
Chirindia swynnertoni DD* N N Y 0 0 0
Geocalamus acutus LC* N N Y 2,762.93 63.4 2.295
Geocalamus modestus N DD* N N Y 3,425.06 11.6 0.339
Loveridgea ionidesii LC N N Y 56,996.19 8,658.90 15.192




Loveridgea phylofiniens _< _UU _z _z _< _ Ngo.wmm_ m.uww_ 2.547
Family: ATRACTASPIDAE Total Number:17 Endemic: 1 Climate Change Vulnerable: 7 Threatened: 1  Forest Dependent:1

Amblyodipsas dimidiata Y LC N N Y 7,474.25 90.81 1.215
Aparallactus capensis LC N N Y 227,227.53 66,652.09] 29.333
Atractaspis irregularis LC N N Y 24,771.87 4,253.35 17.17
Amblyodipsas katangensis LC* N N Y 54,597.82 9,937.42 18.201
Amblyodipsas polylepis LC* N N Y 79,224.97 11,014.44 13.903
Aparallactus guentheri LC* N N Y 11,600.18 3,252.96 28.042
Aparallactus jacksonii LC* N N Y 17,622.76 6,006.22 34.082
Aparallactus lunulatus LC* N N Y 153,369.53 65,713.79) 42.847
Aparallactus werneri VU* Y N Y 7,048.67 1,675.77 23.774
Atractaspis aterrima LC* N N Y 2,274.30] 751.108] 33.026
Atractaspis bibronii LC* N N Y 470,926.68 184,324.15 39.141
Atractaspis fallax LC* N N Y 845.586 130.664 15.452
Chilorhinophis butleri LC* N N Y 10,170.21 522.338) 5.136
Chilorhinophis gerardi Lc* N N Y 0 0 0
Micrelaps vaillanti LC* N N Y 5,596.06 4,525.60) 80.871
Micrelaps bicoloratus LC N N Y 21,032.69 4,532.77 21.551
Polemon christyi LC* N Y Y 2,316.19 305.423) 13.186
Family: BOIDAE Total Number: 1 Endemic: 0 Climate Change Vulnerable:0  Threatened: 1 Forest Dependent: 1

Eryx colubrinus | Jucx In In lv | 30,302.67| 6,662.91] 21.988
Family: CHAMAELEONIDAE Total Number: 39 Endemic: 24 Climate Change Vulnerable: 0  Threatened: 11 Forest Dependent: 31

Chamaeleo dilepis LC N N Y wow.wmm.oo_ 185,320.10 26.184
Chamaeleo gracilis LC N N N 0 0 0
Chamaeleo laevigatus LC N N N 0 0 0
Kinyongia fischeri Y NT N Y N 0 0 0




Kinyongia magomberae Y EN Y Y N 0 0 0
Kinyongia matschiei Y EN Y Y N 0 0 0
Kinyongia multituberculata Y EN Y Y N 0 0 0
Kinyongia oxyrhina Y NT N Y N 0 0 0
Kinyongia tavetana NT N Y N 0 0 0
Kinyongia tenuis Y EN Y Y N 0 0 0
Kinyongia uluguruensis Y LC N Y N 0 0 0
Kinyongia uthmoelleri Y LC N Y N 0 0 0
Kinyongia vanheygeni Y LC N Y N 0 0 0
Kinyongia vosseleri Y EN Y Y N 0 0 0
Rhampholeon acuminatus Y CR Y Y N 0 0 0
Rhampholeon beraduccii Y VU Y Y N 0 0 0
Rhampholeon boulengeri LC N Y N 0 0 0
Rhampholeon moyeri Y LC N Y N 0 0 0
Rhampholeon nchisiensis LC N Y N 0 0 0
Rhampholeon spinosus Y EN Y Y Y 3,264.31 546.777 16.75
Rhampholeon temporalis Y EN Y Y N 0 0 0
Rhampholeon uluguruensis Y LC N Y N 0 0 0
Rhampholeon viridis Y EN Y Y N 0 0 0
Rieppeleon brachyurus LC N N N 0 0 0
Rieppeleon brevicaudatus LC N Y N 0 0 0
Rieppeleon kerstenii LC N Y N 0 0 0
Trioceros bitaeniatus LC N N N 0 0 0
Trioceros deremensis Y LC N Y N 0 0 0
Trioceros ellioti LC N N N 0 0 0
Trioceros fuelleborni Y LC N Y N 0 0 0
Trioceros goetzei LC N N N 0 0 0
Trioceros hanangensis Y NT N N N 0 0 0
Trioceros incornutus LC N Y Y 4,723.11 1,923.19] 40.719
Trioceros jacksonii LC N Y N 0 0 0
Trioceros laterispinis Y EN Y Y Y 11,603.08 1,726.90) 14.883




Trioceros melleri LC N Y N 0 0 0
Trioceros sternfeldi LC N Y N 0 0 0
Trioceros tempeli LC N Y N 0 0 0
Trioceros werneri LC N Y N 0 0 0
Family: COLUBRIDAE Total Number: 36 Endemic: 3 Climate Change Vulnerable: 4 Threatened: 2 Forest Dependent: 8

Crotaphopeltis degeni LC* N N Y 4,555.13 3,492.84 76.679
Crotaphopeltis hotamboeia LC* N N Y 547,040.01 158,691.34] 29.009
Crotaphopeltis tornieri LC N Y Y 32,199.33 6,732.38] 20.908
Dasypeltis atra LC* N Y Y 943.987 648.35 68.682
Dasypeltis medici LC* N Y Y 148,203.19 62,152.73 41.938
Dasypeltis scabra LC N N Y 873,375.22 297,642.11 34.08
Dipsadoboa aulica LC* N N Y 0 0 0
Dipsadoboa flavida LC* N N Y 56,489.25 7,657.91 13.556
Dipsadoboa shrevei LC* N N Y 1,344.09 257.577 19.164
Dipsadoboa unicolor LC* N N Y 723.629 723.629) 100
Dipsadoboa werneri NT* N Y Y 2,846.58 675.162 23.718
Dispholidus typus LC* N N Y 825,170.10] 260,883.23 31.616
Hapsidophrys smaragdina LC* N N Y 10,408.32 1,651.22 15.864
Meizodon semiornatus LC* N N Y 179,218.61 45,519.19] 25.399
Philothamnus angolensis LC* N N Y 133,872.67 41,884.94 31.287
Philothamnus battersbyi LC* N N Y 59,934.60] 21,479.17, 35.838
Philothamnus carinatus LC* N N Y 8,146.11 1,686.48] 20.703
Philothamnus heterodermus LC* N Y Y 397.802 397.802 100
Philothamnus heterolepidotus Lc* N N Y 0 0 0
Philothamnus hoplogaster LC* N N Y 268,477.10] 93,257.41 34.736
Philothamnus macrops LC* N N Y 9,204.71 1,603.32 17.418
Philothamnus nitidus LC* N N Y 0 0 0
Philothamnus ornatus Lc* N N Y 0 0 0
Philothamnus punctatus LC* N N \ 243,509.54 81,872.99] 33.622
Philothamnus semivariegatus LC* N N Y 877,664.86 292,985.17 33.382




Platyceps brevis LC* N N y 2,096.46 85.956| 4.1
Rhamnophis aethiopissa LC* N N Y 1,259.37 864.619] 68.655
Scaphiophis albopunctatus LC* N N Y 124,559.68 26,966.54] 21.649
Telescopus semiannulatus LC* N N Y 579,613.93 193,989.34 33.469
Thelotornis capensis LC N N Y 426,186.83 126,257.12] 29.625
Thelotornis kirtlandii LC* N N Y 1,523.14 878.854] 57.7
Thelotornis mossambicanus LC* N N Y 0 0 0
Thelotornis usambaricus VU Y Y Y 2,423.09 534.515 22.059
Thrasops jacksonii LC* N Y Y 5,880.55 423.287 7.198
Toxicodryas blandingii LC* N N Y 473.302 430.965 91.055
Xyelodontophis uluguruensis EN* Y Y Y 760.547 111.359) 14.642
Family: CORDYLIDAE Total Number: 6 Endemic: 1 Climate Change Vulnerable: 3  Threatened: 0 Forest Dependent: 0

Chamaesaura miopropus LC* N N Y 52,757.07 6,414.72 12.159
Chamaesaura tenuior LC* N N Y 2,035.77 679.484 33.377
Cordylus beraduccii LC* N N Y 16,057.12 3,337.05 20.782
Cordylus tropidosternum LC* N N Y 672,490.73 224,031.30) 33.314
Cordylus ukingensis DD N N Y 49.253 27.917 56.681
Platysaurus maculatus LC* N N Y 327.171 15.218} 4.651
Family: CROCODYLIDAE Total Number: 2 Endemic: 0 Climate Change Vulnerable: 0 Threatened: 1  Forest Dependent: 1

Crocodylus niloticus LC N N Y 948,123.71 301,435.80 31.793
Mecistops cataphractus CR Y Y Y 21,487.89 2,742.90 12.765
Family: ELAPIDAE Total Number: 14 Endemic: 0 Climate Change Vulnerable:2  Threatened: 1 Forest Dependent: 1

Dendroaspis angusticeps LC* N N Y 97,835.75 32,362.94] 33.079
Dendroaspis jamesoni LC* N N Y 309.549 57.853 18.689
Dendroaspis polylepis LC N N Y 724,327.14 261,861.58] 36.152
Elapsoidea boulengeri LC* N N Y 87,126.28 17,752.13 20.375




Elapsoidea loveridgei LC* N N Y Hw‘oop.hm_ 6,329.25 33.152
Elapsoidea nigra VU Y Y Y wbmw.mo_ 1,129.55 30.798
Naja annulata LC* N N Y 12,057.55 67.623] 0.561
Naja ashei LC* N N Y 5,597.40] 2,255.44 40.294
Naja haje LC* N N Y 85,141.08 22,250.10 26.133
Naja melanoleuca LC* N N Y 30,613.00] 5,270.42 17.216
Naja mossambica LC* N N Y 107,658.57 36,874.51 34.251
Naja nigricollis LC* N N Y 935,959.81 299,706.19] 32.021
Naja pallida LC* N N Y 30,780.40] mbwm.wm- 28.056
Pelamis platura LC N N Y 293.862 98.505| 33.521
Family: EUBLEPHARIDAE Total Number: 1 Endemic: 0 Climate Change Vulnerable: 1 Threatened: 0 Forest Dependent: 0

Holodactylus africanus __.m* _z _z _< Hm‘mmw.mo_ w‘wﬁ.mm_ 18.331
Family: GEKKONIDAE = Total Number: 36 Endemic: 15 Climate Change Vulnerable: 16 Threatened: 6 Forest Dependent: 11

Chondrodactylus turneri LC* N N Y 187,585.41 72,241.65 38.511
Cnemaspis africana LC N Y Y 4,667.76 1,145.80) 24.547
Cnemaspis barbouri VU* Y Y Y 2,439.13 451.843 18.525
Cnemaspis dickersonae LC* N N Y 2,199.07 153.257, 6.969
Cnemaspis uzungwae VU* Y Y Y 3,170.31 848.309) 26.758
Elasmodactylus tetensis LC N N Y 18,578.38 m‘mmm.om_ 31.521
Elasmodactylus tuberculosus LC N N Y 353,869.14 136,244.16 38.501
Hemidactylus angulatus LC* N N Y 294,531.74 66,071.32 22.433
Hemidactylus mabouia LC* N N Y 605,341.78 185,080.23 30.575
Hemidactylus macropholis LC* N N Y 981.335 750.66) 76.494
Hemidactylus modestus DD N N Suspected pr 0 0 0
Hemidactylus platycephalus LC* N N Y 304,763.74 103,017.11, 33.802
Hemidactylus squamulatus LC N N Y 146,942.30] 33,284.48] 22.651
Hemidactylus tanganicus DD N N Y 558.838 506.901 90.706
Homopholis fasciata Lc* N N Y 701.814 506.056 72.107




Lygodactylus angolensis LC* N N Y 3,244.54 N‘owm.wo_ 62.566
Lygodactylus angularis DD* N N Y 18,261.06 5,415.82 29.658
Lygodactylus broadleyi Y NT* N Y Y 435,992 242.532 55.628
Lygodactylus capensis LC* N N Y 347,977.97 104,236.48] 29.955
Lygodactylus conradti Y VU* Y Y Y 2,183.82 458.793 21.009
Lygodactylus gravis Y VU Y Y Y 7,289.00] 1,218.02 16.71
Lygodactylus grzimeki Y DD N N Y 2,148.85 1,243.78] 57.881
Lygodactylus inexpectatus Y DD N N Y 513.634 39.272 7.646
Lygodactylus kimhowelli Y LC* N Y Y 162.677 15.082 9.271
Lygodactylus laterimaculatus LC N N Y 3,362.60] 180.835) 5.378
Lygodactylus manni LC N N Y 15,208.39 1,725.00) 11.342
Lygodactylus mombasicus LC N N Y 0.239 0.093 38.912
Lygodactylus picturatus LC N N Y 87,061.40] 25,236.64] 28.987
Lygodactylus scheffleri DD N N Y 0 0 0
Lygodactylus uluguruensis Y DD N Y Y 900.498 271.297 30.127
Lygodactylus viscatus Y NT N N Y 9,881.90] 1,449.11 14.664
Lygodactylus williamsi Y CR Y Y Y 20.214 4.669] 23.098
Phelsuma dubia LC N N Y 5,286.06 H—m.oww_ 13.546
Phelsuma parkeri Y LC N N Y 794.439 70.123 8.827
Urocotyledon rasmusseni Y DD* N Y Y 110.126 110.126 100
Urocotyledon wolterstorffi Y VU* Y Y Y 512.59 216.456 42.228
Family: GERRHOSAURIDAE Total Number: 5 Endemic: 1 Climate Change Vulnerable:0 Threatened: 1 Forest Dependent: O

Broadleysaurus major LC* N N Y 390,795.03 108,315.82 27.717
Gerrhosaurus flavigularis LC* N N Y 185,537.86 32,069.47 17.285
Gerrhosaurus nigrolineatus LC* N N Y 309,639.54 98,231.53) 31.724
Tetradactylus ellenbergeri LC* N N Y 399.625 113.369] 28.369
Tetradactylus udzungwensis Y EN Y N Y 110.126 110.126 100

Family: GRAYIIDAE

Total Number: 2

Endemic: 0 Climate Change Vulnerable: 0

Threatened: 0

Forest Dependent: 0




Grayia smithii LC* N N Y 17,713.38 1,957.04] 11.048
Grayia tholloni LC* N N Y 7,799.66 353.755 4.536
Family: LACERTIDAE Total Number: 15 Endemic: 1 Climate Change Vulnerable: 8  Threatened: 0 Forest Dependent: 2

Adolfus jacksoni LC* N N Y 4,887.22 935.52 19.142
Congolacerta vauereselli LC N N Suspected pr 0 0 0
Gastropholis prasina NT N N Y 4,022.40] 778.618] 19.357
Gastropholis vittata LC* N N Y 14,350.18 2,564.05 17.868
Heliobolus neumanni DD* N N Y 1,758.94 348.791 19.83
Heliobolus spekii LC* N N Y 198,507.54 32,560.85] 16.403
Holaspis guentheri LC* N Y Y 1,319.91 86.253 6.535
Holaspis laevis LC* N Y Y 137,395.02 68,859.35] 50.118
Ichnotropis bivittata LC* N N Y 249.884 39.269] 15.715
Meroles squamulosus LC* N N Y 46,124.40] 6,025.30 13.063
Ichnotropis tanganicana Y DD N N Y 0 0 0
Latastia johnstonii LC* N N Y 74,735.16 10,013.05 13.398
Latastia longicaudata LC* N N Y 93,496.23 16,616.86 17.773
Nucras boulengeri LC* N N Y 420,847.79 91,415.69] 21.722
Nucras ornata LC* N N Y 1,609.39 169.292| 10.519
Family: LAMPROPHIIDAE  Total Number: 14 Endemic: 2 Climate Change Vulnerable: 0  Threatened: 0 Forest Dependent: 2

Gonionotophis capensis LC N N Y 24,533.15 8,929.21 36.397
Gonionotophis nyassae LC N N Y 81,184.71 11,312.86 13.935
Gonionotophis unicolor LC* N N Suspected pr 0 0 0
Lycodonomorphus bicolor LC N N Y 12,080.53 91.392 0.757
Lycodonomorphus whytii LC N N Y 14,227.64 5,797.33) 40.747
Lycophidion acutirostre DD N N Y 178.206 178.206 100
Lycophidion capense LC* N N Y 512,116.89 138,057.14] 26.958
Lycophidion depressirostre LC* N N Y 381,245.75 107,873.64] 28.295
Lycophidion meleagris LC* N Y Y 4,841.69 982.788] 20.298




Lycophidion multimaculatum LC* N N Y 10,433.22 Hwo.ow_ 1.908
Lycophidion ornatum LC N N Y 3,311.37 1,869.73 56.464
Lycophidion pembanum Y DD N N N 0 0 0
Lycophidion taylori DD* N N Y 4,211.90) 204.04 4.844
Lycophidion uzungwense Y LC* N Y Y 2,635.93 611.53 23.2
Family: LEPTOTYPHLOPIDAE Total Number: 11 Endemic: 2 Climate Change Vulnerable: 8 Threatened: 0 Forest Dependent: 0

Leptotyphlops emini NE N N Y 18,315.52 2,654.67 14.494
Leptotyphlops howelli DD N N Y 490.022 141.473 28.871
Leptotyphlops keniensis DD N N Y 2,036.01 1,374.39) 67.504
Leptotyphlops macrops LC N N Y 9,813.85 1,620.23 16.51
Leptotyphlops mbanjensis Y DD N N Y 7,662.87 424.258] 5.537
Leptotyphlops merkeri LC N N Y 133,057.82 38,712.87 29.095
Leptotyphlops nigroterminus NE N N Y 18,241.29 9,325.32 51.122
Leptotyphlops pembae Y LC N N Y 794.439 70.123] 8.827
Leptotyphlops pitmani LC* N N Y 9,464.80] 1,176.55 12.431
Myriopholis ionidesi Lc* N N Y 3,135.64 274.511 8.755
Myriopholis macrorhyncha LC* N N Y 7,850.59 1,888.64] 24.057
Family: NATRICIDAE Total Number: 3 Endemic: 1 Climate Change Vulnerable: 1 Threatened: 0 Forest Dependent: 1

Natriciteres sylvatica LC* N N Y 137,820.33 Nw.omp.mw_ 19.65
Natriciteres olivacea LC N N Y 304,434.40] 57,983.95 19.046
Natriciteres pembana Y LC N N Y 819.712 85.586 10.441
Family: PROSYMNIDAE Total Number: 6 Endemic: 2 Climate Change Vulnerable: 4  Threatened: 2 Forest Dependent: 1

Prosymna ambigua LC N N Y 44,869.84 5,543.66 12.355
Prosymna ornatissima Y CR Y N Y 374.194 123.548) 33.017
Prosymna pitmani Y LC N N Y 22,494.71 6,382.17 28.372
Prosymna ruspolii LC* N N Y 1,900.77 274.843 14.46




Prosymna semifasciata VU* Y Y Y 1,480.42 1,219.97 82.407
Prosymna stuhlmanni LC* N N Y 320,681.38 76,575.45 23.879
Family: PSAMMOPHIIDAE  Total Number: 18 Endemic: 0 Climate Change Vulnerable: 0 Threatened: O Forest Dependent: O

Hemirhagerrhis hildebrandtii LC N N Y 42,147.17 6,424.52 15.243
Hemirhagerrhis kelleri LC* N N Y 19,570.09 7,858.67 40.157
Hemirhagerrhis nototaenia LC* N N Y 679,339.56 231,182.66 34.031
Psammophis angolensis LC* N N Y 636,450.05 220,110.54] 34.584
Psammophis biseriatus LC* N N Y 7,278.83 1,089.83 14.973
Psammophis lineatus LC* N N Y 51,694.78 5,393.80 10.434
Psammophis orientalis LC* N N Y 95,304.27 24,143.81] 25.333
Psammophis phillipsi LC* N N Y 905,855.37 300,479.60) 33.171
Psammophis punctulatus LC* N N Y 5,184.73 33.167| 0.64
Psammophis rukwae DD* N N Y 730.331 55.437, 7.591
Psammophis sudanensis LC* N N Y 159,261.55 27,307.40 17.146
Psammophis tanganicus LC* N N Y 21,030.47 1,040.88] 4,949
Psammophylax acutus LC* N N Y 15,768.04 868.992 5.511
Psammophylax variabilis LC* N N Y 32,972.60] 5,103.11 15.477
Psammophis sibilans LC* N N Y 892,418.93 300,322.68) 33.653
Psammophylax tritaeniatus LC N N Y 84,930.55 21,779.62 25.644
Rhamphiophis rubropunctatus LC N N Y 15,846.96 3,776.34 23.83
Rhamphiophis rostratus LC* N N Y 423,260.11 121,903.69] 28.801
Family: PSEUDASPIDIDAE  Total Number:1 Endemic:0  Climate Change Vulnerable: 0 Threatened: 0 Forest Dependent: 1

Pseudaspis cana fcr In In Iy | 28,554.21] 3,432.37] 12.021
Family: PSEUDOXYRHOPHIIDAE Total Number: 3 Endemic: 2 Climate Change Vulnerable: 0 Threatened: 2 Forest Dependent: 2

Buhoma procterae VU Y Y Y 6,877.08 2,373.84 34.518
Buhoma vauerocegae VU* Y Y Y 5,137.72 1,105.15 21.511




Duberria lutrix | lLc In In Iv 98,311.66] 25,640.24} 25.949
Family: PYTHONIDAE Total Number: 2 Endemic: 0 Climate Change Vulnerable: 0 Threatened: 0 Forest Dependent: 0

Python natalensis LC* N N Y 755,570.79 267,503.63 35.404
Python sebae NT* N

Family: SCINCIDAE Total Number: 38 Endemic: 13 Climate Change Vulnerable: 16 Threatened: 6 Forest Dependent: 12

Acontias percivali LC N N Y 6,614.27 1,052.15 15.907
Cryptoblepharus africanus LC* N N Y 17,430.58 3,067.89) 17.601
Eumecia anchietae LC* N N Y 1,385.36 1.341] 0.097
Feylinia currori LC* N N Y 531.359 37.696) 7.094
Leptosiaphos kilimensis LC* N N Y 18,705.62 4,668.99] 24.96
Leptosiaphos rhomboidalis Y DD N Y Y 247.462 Now.hmw_ 83.836
Melanoseps ater LC N N Y 26,823.38 whmm.ow- 12.251
Melanoseps emmrichi Y EN Y Y Y 214.922 94.226 43.842
Melanoseps longicauda Y DD* N N Y 16.719 16.719] 100
Melanoseps loveridgei LC* N N Y 193,599.69 79,921.70] 41.282
Melanoseps pygmaeus Y DD* N Y Y 0 0 0
Melanoseps rondoensis Y LC* N Y Y 2,248.89 172.623 7.676
Melanoseps uzungwensis Y EN* Y Y Y 4,128.23 2,835.83] 68.694
Mochlus afer LC* N N Y 281,266.62 91,538.02 32.545
Mochlus mafianum Y LC N N Y 347.494 213.987 61.58
Mochlus pembanum LC N N Y 794.439 70.123 8.827
Mochlus somalicum LC* N N Y 3,338.79 3,338.79) 100
Mochlus sundevalli LC N N Y 806,088.46 273,665.04 33.95
Mochlus tanae LC* N N Y 770.168 41.907| 5.441
Panaspis megalurus Y LC* N N Y 20,680.26 7,776.16 37.602
Panaspis wahlbergi LC* N N Y 344,061.88 109,169.22 31.73
Proscelotes eggeli Y EN* Y Y Y 1,978.10] 380.146 19.218
Scelotes uluguruensis Y VU* Y Y Y 1,965.49 825.767 42.013




Scolecoseps acontias Y DD N N Y 6,651.81 H‘Nwm.wm_ 18.593
Scolecoseps litipoensis Y DD N Y Y 887.106 34.564 3.896
Sepsina tetradactyla LC* N Y Y 5,236.56 780.746 14.91
Trachylepis bayonii DD N N Y 1,448.58 1,342.93 92.707
Trachylepis boulengeri LC* N N Y 155,133.37 58,565.11 37.751
Trachylepis brauni VU* Y N Y 1,379.28 1,060.28] 76.872
Trachylepis brevicollis LC* N N Y 6,488.22 3,162.60 48.744
Trachylepis dichroma LC N N Y 1,228.31 308.239] 25.095
Trachylepis maculilabris LC* N Y Y 854,158.85 287,322.41 33.638
Trachylepis margaritifera LC N N Y 54,599.69 14,443.64) 26.454
Trachylepis megalura LC* N N Y 17,811.04 E.wuw.pw_ 83.539
Trachylepis planifrons Lc* N Y Y 88,425.08 18,740.87 21.194
Trachylepis striata LC* N N Y 685,411.88 187,393.55 27.34
Trachylepis varia LC* N Y Y 799,030.09 260,131.54] 32.556
Typhlacontias kataviensis Y EN Y N Y 582.047 535.008] 91.918
Family: TYPHLOPIDAE Total Number: 16 Endemic: 9 Climate Change Vulnerable: 8  Threatened: 4 Forest Dependent: 7

Afrotyphlops angolensis LC* N N Y 5,713.01 874.056 15.299
Afrotyphlops gierrai Y VU Y Y Y 2,525.38 796.865 31.554
Afrotyphlops nigrocandidus Y VU* Y Y Y 7,747.42 2,400.87 30.989
Afrotyphlops rondoensis Y DD N Y Y 5,755.51 243.718] 4.235
Afrotyphlops tanganicanus Y LC N Y Y 30,861.89 6,089.43 19.731
Afrotyphlops usambaricus Y EN* Y Y Y 91.319 91.319] 100
Letheobia gracilis LC* N N Y 8,994.02 883.473] 9.823
Letheobia graueri LC N N Y 17,484.29 4,699.52 26.878
Letheobia lumbriciformis LC N N Y 2,388.05 135.565] 5.677
Letheobia pallida Y DD N N Y 1,491.78 88.998] 5.966
Letheobia pembana Y DD N N Y 794.439 70.123 8.827
Letheobia swahilica LC N N Y 2,612.94 82.326 3.151
Letheobia uluguruensis Y EN Y Y Y 795.656 232.517 29.223
Letheobia unitaeniata LC* N N Y 67,996.99 10,381.49] 15.268







