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Species richness patterns and functional traits of the bat fauna of arid southern Africa
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Distribution of bat species richness in sub-Saharan Africa
Methods

Study area
This study covers the entire mainland continent of Africa south of the Sahara, and includes 42 countries

either fully or partially covered (Fig. 1).

Specimens

The data on which the modelling analyses were based have been taken from the literature and included
14,145 unique locality-species records for 208 species. For the southern African region we used a large
dataset of 6,000 museum records of 116 species, of which almost three-quarters of the specimens were

examined and verified by the authors (Monadjem et al., 2010a).

Records from East Africa: Swynnerton and Hayman (1951); Aellen (1957); Hayman and Hill (1966);
Verschuren (1967); Niort (1970); Anciaux de Faveaux (1972); Verschuren (1980); Kock (1981); Aggundey
and Schlitter (1984); Schlitter and Aggundey (1986); Baeten et al. (1984); Kock and Howell (1988); Montfort
(1992); Heller el al. (1994); Fahr et al. (2002); Stanley and Kock (2004); Stanley et al. (2005a); Stanley et al.
(2005b); Stanley et al. (2005c); Stanley et al. (1996); Thorn et al. (2007); Bergmans (1997); Rovero et al.
(2007); Stanley and Foley (2008); Stanley (2009); Kock and Stanley (2009); Kock et al. (2000); Thorn and
Kerbis Peterhans (2009); and a visit to the Mammal Department, National Museums of Kenya, Nairobi (by

AM).

Records from the Horn of Africa: Funaioli and Lanza (1968); Kock (1969); Largen et al. (1974); Hill (1975);

Koopman (1975); MclLellan (1986); Hill et al. (1988); Kock and Howell (1988); Varty and Hill (1988);



Duckworth et al. (1993); Yalden et al. (1996); Kruskop and Lavrenchenko (2000); Kruskop and Lavrenchenko
(2006); Pearch et al. (2001); Fenton and Eger (2002); Benda et al. (2004); Lavrenchenko et al. (2004);

Bergmans (1988).

Records from Central Africa: Hayman et al. (1966); Aellen (1952); Lunde and Beresford (1997); van
Cakenberghe et al. (1999); Cotterill (2001); Eger and Schlitter (2001); Eisentraut (1956); Hill (1968); Hutterer
and Joger (1982); Hutterer et al. (1992); Monadjem and Fahr (2007); Peterson and Smith (1973); Seamark
and van Cakenberghe (2012); Thorn et al. (2007); Vielliard (1974); Hill (1983); Bergmans (1989); Bergmans
(1990); Lunde et al. (2001); Schlitter et al. (1982); Dorst (1963); Aellen and Brosset (1968); Bergmans
(1988); Brosset (1966a); Dowsett et al. (1991); Allen (1917); Ansell (1974); Bergmans (1997); Bergmans
(1989); Fahr and Ebigbo (2003); Fahr et al. (2002); Gallagher and Harrison (1977); Harrison (1975); Heller et
al. (1994); Kearney and Seamark (2005); Kock and Howell (1988); Schouteden (1947); van Cakenberghe and
de Vree (1985); Verschuren (1967); Jones (1971); Brosset (1966b); Csorba et al. (2003); Malbrant and

Maclatchy (1949).

Records from West Africa: Robbins (1980); Green (1983); Koch-Weser (1984); Koopman et al. (1978); Kock
(1969); Seamark and van Cakenberghe (2012); Decher and Fahr (2007); Grubb et al. (1998); Aellen (1956);
Aellen (1963); Bergmans (1989); Eisentraut and Knorr (1957); Fahr and Ebigbo (2003); Fahr et al. (2002);
Fahr et al. (2006); Konstantinov et al. (2000); Kock (1969); Lopes and Crawford-Cabral (1992); Monard
(1939); Bergmans et al. (1974); Cotterill (2001a); Cotterill (2001b); de Vree (1971); Fahr and Kalko (2011);
Lim and Van Coeverden De Groot (1997); Coe (1975); Hill (1982); Koopman (1989); Koopman et al. (1995);
Monadjem et al. (2013); Monadjem et al. (2016); Denys et al. (2013); Kuhn (1965); Monadjem and Fahr
(2007); Verschuren (1977); Wolton et al. (1982); Koopman (1975); Meining (2000); Sidiyene and Tranier
(1990); Qumsiyeh and Schlitter (1981); Fairion (1980); Kock (1978); Poche (1975); Happold (1987); Hill et al.
(1988); Adam and Hubert (1972); Adam and Hubert (1976); Adam et al. (1993); Bohme and Hutterer (1979);

Poulet (1972); Decher et al. (2010); Weber and Fahr (2009); Kock et al. (2002);



Modelling distributions and analyses

We modelled the predicted suitable habitat space of species on the African continent excluding
Madagascar under present climatic conditions using MaxEnt (Phillips et al. 2006). Models were run at a
resolution of approximately 5 km (2.5 arc min) using all 19 Bioclimatic variables from the WorldClim
database (Hijmans et al., 2005). Because the use of highly correlated layers may lead to model over-fitting,
we also ran models after removing redundancy of autorrelated variables with a principal components
analysis (PCA) in R version 3.0.1 (R Development Core Team, 2013) using the package FactoMineR.
Occurrence data were divided into training and testing sets for a 10-fold cross-validation, testing each
model on identical withheld data via the area under the receiver operating characteristic curve (AUC) test
statistic. The model was set to use auto features for the analyses based on the number of records for each
species (Phillips and Dudik 2008). Species richness maps were created by stacking the per-site occurrence

probabilities of species (Calabrese et al. 2014) using the Raster Calculator in ESRI ArcMap™.

Species richness (number of species per cell) was rescaled to 1° resolution (Schoeman et al., 2013). DIVA-

GIS version 7.1.7 (http://www.diva-gis.org) was used to model the relationship of species richness relative

to sampling effort, the latter being defined as the number of locations per 1° grid cell from which bats have

been collected as well as to latitude and altitudinal roughness.


http://www.diva-gis.org/

Table 1. Contribution of the first seven principal components (PC1 - PC7) derived from principal
components analysis of 19 Bioclim environmental variables (values in boldface indicate variables

contributing most to the components).

WorldClim variables PC1 PC2 PC3 PC4 PC5 PCé PC7
bio_1 ;).4637

bio_2 0.2261 0.1791 ;).1345 ;).5752 ;).2470 0.3909
bio_3 ;).2986 ;).2041 ;).2056 0.2792
bio_4 0.3018 0.1164 ;').1963 ;').1371 0.1267 ;').1494
bio_5 0.2294 ;).2924 ;).2038 ;).2488

bio_6 ;).2267 ;).3306 0.2202

bio_7 0.3146 ;).3220

bio_8 ;).3950 0.1618 ;).2613 ;).1558 ;).1538
bio_9 ;).1967 ;).4876 0.3403 0.2111 0.2318 0.1208
bio_10 0.1894 ;).3403 ;).2503 ;).1180 0.1091

bio_11 ;).1962 ;).3763 0.1590
bio_12 ;).3134 0.1991 ;).2197 0.1124

bio_13 ;).2838 0.1229 0.3876 ;).2451 0.1216

bio_14 ;).2117 ;).3825 ;).3933 ;).2263

bio_15 ;).2818 0.3398 0.1078

bio_16 ;').2868 0.1050 0.3770 ;').2639 0.1253

bio_17 ;).2300 ;).3784 ;).3545 ;).1974 ;).2021
bio_18 ;).2831 ;).2366 0.4638

bio_19 ;).1885 6.3155 0.3278 ;).1305 ;).7349 ;).1831
SD 2.901 2.154 1.378 1.122 0.965 0.768 0.709
Variance 0.4428 0.2442 0.0998 0.0663 0.0491 0.0311 0.0265
Cumulative

variance 0.4428 0.687 0.7869 0.8532 0.9023 0.9333 0.9598
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