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The presence of artificial water points structures an arid-zone avian community 
over small spatial scales§
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Water plays a key role in avian thermoregulation, especially when environmental temperatures approach or exceed 
body temperature. Birds living in arid environments need to either be adapted to life with unreliable access to 
water, or engage in large-scale movements to access water. This study asked whether species richness and the 
distribution of bird species in the Kalahari landscape across scales of kilometres is predicted by the availability 
of open water sources. We conducted point count surveys for birds and modelled these as a function of habitat 
variables and distance to the nearest water source. We recorded 52 species during our point counts. Despite much 
variation in species richness scores at each point, species richness decreased with increasing distance from water. 
Granivorous birds were most dependent on water and showed higher probability of occurrence closer to water. 
Vegetation height impacted detectability for seven species, negatively for four and significantly positively for two. 
The provisioning of artificial water in the Kalahari is likely facilitating the presence and abundance of some bird 
species, notably seed eaters. Communities of birds will likely change if water points are closed or water becomes 
scarcer under climate change, which could well alter the ecosystem functioning of these regions. 

La présence de points d’eau artificiels structure une communité d’oiseaux de zone aride sur 
une petite échelle spatiale 

L’eau joue un rôle primordial dans la thermorégulation des oiseaux, spécifiquement quand les températures du 
milieu avoisinent ou dépassent les températures corporelles. Les oiseaux vivant en zone aride ont besoin soit 
d’être adapté à la vie avec un accès restreint à la ressource en eau ou se contraindre à réaliser des déplace-
ments à grande échelle pour l’accès à l’eau. Cette étude visait à savoir si la diversité spécifique et la distribution 
de l’avifaune à l’échelle kilométrique dans le paysage du Kalahari sont définis par l’accessibilité à la ressource en 
eau. Nous avons conduit des inventaires ornithologiques par point d’écoute et modélisé cela en tant que fonction 
dépendante de la variable habitats et de la distance au plus proche point d’eau. Nous avons comptabilisé 52 
espèces durant les inventaires par point d’écoute. Malgré la variation au sein des notes de diversité spécifique 
pour chaque point, la diversité spécifique diminue avec l’éloignement au point d’eau. Les oiseaux granivores sont 
les plus dépendant à la ressource en eau et montre une plus forte probabilité d’occurrence proche de l’eau. La 
hauteur de la végétation a impacté la détectabilité pour sept espèces, négativement pour quatre et significative-
ment positivement pour deux. La mise en place de point d’eau artificiels dans le Kalahari faciliterait certainement 
la présence et l’abondance de certaines espèces, notamment les granivores. Les communités d’oiseaux risque 
de changer si les points d’eau disparaissent et si la ressource en eau devient plus rare à cause du changement 
climatique, ce qui pourrait bien altérer le fonctionnement de l’écosystème de la région.

Keywords:  air temperature, birds, climate change, distance, occupancy modelling, point count, surface water, water

Deserts are inhospitable environments characterised by high 
temperatures, scarce and unreliable water resources, and 
sparse vegetation (Lovegrove and Siegfried 1993; Perkins 
and Thomas 1993). Birds living in these arid environments 
need to either be adapted to life with unreliable access to 
free/surface water, or engage in large-scale movements 
to access what water is available (Maclean 1984). Natural 
isolated water resources, e.g. oases, can be important 

stopover points for migrating birds crossing large deserts 
(Biebach 1990; Bairlein 1992). At a regional scale many 
resident and nomadic species are recorded using artificial 
water holes constructed to facilitate the presence of 
livestock and allow farming of otherwise marginal arid zones 
(e.g. Knight 1989).

Artificial provision of reliable water resources may 
therefore be dramatically changing arid-zone avifaunal 
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communities, allowing the persistence of species normally 
restricted by natural water availability (Schneider and 
Griesser 2009). The presence of artificial water points has 
been shown to modify behaviour and distribution of birds 
in Australia (Davies 1977; James et al. 1999), arid lands 
of the USA (Bock 2015) and Africa (Willoughby and Cade 
1967). Some  birds, such as sandgrouse Pterocles spp., 
have been documented flying great distances to drink and 
obtain water for their young (Knight 1989; Berry et al. 2001); 
and water holes can also attract extremely high numbers of 
granivorous doves and finches even at cooler times of day 
(Willoughby and Cade 1967).

Water plays a key role in avian thermoregulation, 
especially when environmental temperatures approach or 
exceed body temperature (Boyles et al. 2011). However, 
desert birds show considerable interspecific variation 
in their drinking requirements, and a large proportion 
(60%–70%) of species in Australian and Namib desert 
bird communities are considered to be independent of 
surface water, either never observed drinking water or only 
visiting water resources occasionally (Fisher et al. 1972). 
Therefore, there appear to be two main strategies used by 
arid-zone birds to obtain water: by drinking surface water 
or by obtaining water from food (preformed or metabolic 
water; Smit 2013). In the Kalahari, it appears that some bird 
species that are normally independent of drinking surface 
water will do so if water is readily available within their 
normal home range; or will begin to drink if temperatures 
become very hot, i.e. if air temperature exceeds species-
specific thresholds (Smit 2013).

We asked whether species richness and the distribu-
tion of bird species in the Kalahari landscape across scales 
of kilometres is predicted by the availability of open water 

sources. To address these questions, we documented the 
presence of Kalahari birds in relation to distance from water 
and environmental variables related to habitat structure 
during early summer. We predicted that birds more reliant 
on drinking surface water would be restricted in their use 
of the landscape by the location of open water sources 
and that bird communities would therefore be structured by 
the presence of water. We further predicted that drinking 
dependence would be correlated with diet, with granivo-
rous species being more reliant on water than insectivorous 
species due to their drier diet; and that thermoregulatory 
behaviours might be affected by proximity to water, with 
individuals near water more likely to have a better hydration 
status due to access to this resource, and therefore engage 
in behaviours promoting evaporative cooling more readily 
(provided the species makes use of surface water). 

Methods

Study site
We worked on the 3 000 ha Murray Guest Farm, a sheep 
and cattle ranch in the southern Kalahari Desert, Northern 
Cape, South Africa (26°59′ S, 20°52′ E; Figure 1). This is 
a semi-desert region with average daily maximum summer 
air temperatures during the study period of 33.3 °C (range 
21.7–39.2 °C). The area is characterised by sparse, arid 
savannas on deep red sands and immobile dunes with a 
relatively low relief (Perkins and Thomas 1993). Rainfall is 
erratic with 100–400 mm y−1 generally falling during summer 
(Lovegrove and Siegfried 1993). 

Vegetation at the study site consisted of grasses (mostly 
Stipagrostis amabilis), scattered shrubs dominated by 
driedoring Rhigozum trichotomum, and sparse woody 
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Figure 1: A map of Murray Farm showing water points, point count locations and roads. The northern part of the farm is bounded by the 
Kuruman River (a dry river bed). There were 10 survey routes (blocks) in total with 10 points each (source: Google Satellite: Imagery © 2018 
CNES/Airbug, DigitalGlobe, Landsat/Copernicus.). The location of Murray Farm within South Africa is indicated with a black square on the 
map of Africa. In the map on the right: black circles = bird count points; grey stars = surface water points; grey lines = roads
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cover (camelthorn Vachellia erioloba, blackthorn Senegalia 
mellifera, grey camelthorn Vachellia haematoxylin, 
shepherd’s tree Boscia albitrunca; Palmer and van Rooyen 
1998), growing on rolling red sand dunes. The northern 
border of the farm abuts the dry fossil Kuruman River 
bed, with leached sands and taller camel-thorn trees than 
the dune fields. Stock (sheep and cattle) on the farm are 
provided with water ad libitum in numerous artificial water 
troughs under standard farm management practices. Large 
numbers of birds frequent these troughs to drink (Abdu et 
al. 2018). Troughs are supplied via an automated pump 
system from a borehole on the farm (Figure 1).

Bird survey data collection
We conducted point count surveys for birds, between 7 and 
26 November 2014 at 100 locations between 06:00 and 
11:00, and 14:00 to 17:00 daily. Each point was surveyed 
five times during the study period, during both morning 
and afternoon sessions, but at most once per day along 
predetermined routes. For each point we also calculated 
the following environmental variables (predictor variables): 
distance to the nearest water source (in metres); mean 
vegetation height (average estimated height in metres of 
all vegetation types within 50 m of the point count location); 
percentage grass cover in a 50 m radius of the point count 
location; and dominant woody cover type by tree species. 
During each count the following information was recorded for 
each bird species observed: group size; whether the birds 
were perched or flying at time of detection; whether birds 
were perched in sun or shade; if birds were displaying heat 
dissipation behaviour (panting or wing drooping, following 
Smit et al. 2016). We used data recorded by a portable 
weather station on-site (Vantage Pro2, Davis Instruments, 
Hayward, CA, USA) to assign an air temperature reading to 
each point count. All counts were conducted by SA to avoid 
introduction of observer bias.

Statistical analyses
Occupancy modelling
To determine the influence of the selected predictor 
variables on bird presence we applied an occupancy 
modelling approach. Occupancy modelling creates hierar-
chical models of a species’ abundance that consider factors 
influencing variation in abundance while accounting for 
detectability (MacKenzie et al. 2002; Royle et al. 2005; 
MacKenzie et al. 2006). We used the occu function from 
the ‘unmarked’ package (Fiske and Chandler 2011) in 
R 3.1.3 (R Core Team 2017) to determine covariates 
of detection (pd) and occupancy (psi) for the 15 most 
commonly encountered bird species (listed in Table 1). We 
used vegetation height, hour and temperature as observa-
tion covariates; vegetation height, distance from water, 
percentage grass cover and dominant tree species were 
used as predictor variables of presence. We used only 
encounters with perched birds following Buckland et al. 
(2008). For each species, we first selected the best model 
accounting for detection and then used the appropriate 
variable/s for the prediction of occupancy, following Sillett et 
al. (2012). We fitted models with the various combinations 
of predictor variables (from the full variable set including 
interactions to single predictor models), and best model 

selection was based on the lowest Akaike information 
criterion (AIC) value. 

Surface water dependency and influence on bird distribution
We created an index of surface water dependency (WD) for 
each of the 15 most common species encountered during 
point counts as follows:
(1) We assessed the total number of birds of each species 

observed drinking (D) using data from camera traps 
placed at six artificial water holes at the study site over 
the study period (see Abdu et al. 2018 for details).

(2) We created an index of relative abundance (RA) 
for each species at the study site using the point 
count data. To calculate this index, we multiplied the 
probability of occurrence of the species (a measure 
of how widely the species occurred at the study site 
extracted from the occupancy models above) by the 
average group size for that species. 

(3) Basic surface water dependency was then calculated 
as D/RA, with species scoring high on this index visiting 
water more regularly than species scoring low. The 
mean and standard deviation for this calculation was 
25.08 ± 164, with the high standard deviation due to an 
outlier of 656.7 for Red-headed Finch Amadina erythro-
cephala, with the minimum of zero for Chestnut-vented 
Tit-babbler Sylvia subcaerulea. To include these species 
and normalise the relationship for linear modelling we 
conducted analyses on log(WD + 1) with associated 
mean 2.69 ± 2.08, i.e. WD = log(D/RA + 1).

We then used linear regression models to (1) examine 
the relationship between WD and bird distribution with 
respect to the presence of water in the landscape (using 
the covariate output of probability of occurrence in relation 
to distance-from-water from occupancy models of the 
point count data, where distance-from-water was the only 
predictor value); (2) explore the role of dietary guild on WD; 
(3) explore relationships between shade-seeking behaviour 
(the ratio of number of birds observed perched in the sun to 
those perched in shade (sun:shade)) and heat dissipation 
behaviours (panting and wing-drooping) with distance-from-
water and WD; and (4) assess the relationship between 
total species richness at each point (a count of all species 
across all surveys) as a function of distance-from-water. 

Results

We recorded 52 species during the point counts (see 
Appendix 1 with species, number of groups recorded, mean 
and SD group size, ratio of sun:shade, and ratio of no heat 
dissipation:heat dissipation), but had sufficient observations 
to fit occupancy models for only 15 species (Table 1). The 
time of day at which counts were conducted, indicated by 
hour, impacted detectability (pd) and was negative for six 
of seven species for which this variable was included in the 
best model, i.e. probability of detection decreased as the 
day advanced. Vegetation height also impacted detecta-
bility for seven species, but here responses were mixed. As 
vegetation height increased, detection probability declined 
for four species (Kalahari Scrub-robin Cercotrichas paena, 
Red-headed Finch, Southern Grey-headed Sparrow Passer 
diffusus and Black-chested Prinia Prinia flavicans), but 
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increased for two species (Cape Turtle Dove Streptopelia 
capicola and White-browed Sparrow-weaver Plocepasser 
mahali). Likewise, the influence of temperature on detect-
ability was mixed, but significant for only two species 
(Kalahari Scrub Robin and Cape Turtle Dove). Detectability 
of Kalahari Scrub Robin decreased with increasing 
air temperature, while Cape Turtle Dove detectability 
increased. The interaction between temperature and hour 
was significant and negative for only one species, Southern 
Grey-headed Sparrow, with detectability decreasing in the 
afternoon at high air temperatures.  

The most important variable explaining species presence 
(psi) was distance from water, which was included in the 
best models for 13 of the 15 species. For five species, this 
relationship was significantly negative with standardised 
distance (indicating higher probability of occurrence closer 
to water) and all five of these species were granivores 
(Table 1). Occurrence for only one species was signifi-
cantly higher with increasing distance from water: the 
insectivorous Chestnut-vented Tit-babbler (psi = 0.6 ± 0.48). 

Of the other habitat variables, one vegetation variable, 
the presence of blackthorn (as the model intercept), was 
included in all models, but was significant for only six 
species, with balanced and contrasting effects: positive for 
three species and negative for three, with no discernible 
common characteristics for the affected species (Table 1). 

Granivorous birds were most dependent on surface 
water, i.e. were more likely to be observed drinking relative 
to their abundance in the environment than other foraging 
guilds (F2,12 = 9.7, granivores: WD coefficients = 3.82 ± 0.49, 
p < 0.01, insectivores: −3.72 ± 0.85, p < 0.01, omnivores: 
−0.70 ± 0.94, p = 0.47). Furthermore, there was a higher 
probability of encountering granivores closer to water 
(F2,11 = 2.4, granivores: psi = −1.17 ± 0.36, p = 0.007, 
insectivores: 1.31 ± 0.59, p = 0.05, omnivores: 0.42 ± 0.65, 
p = 0.52; Figure 2). However, dependence on surface 
water was not linked to either heat dissipation behaviour 
(i.e. panting or wing drooping; F1,13 = 0.91, WD/heat dissipa-
tion coefficient: 1.56 ± 1.63, t = 0.96, p = 0.36) or shade 
seeking behaviour (F1,13 = WD/sun:shade coefficient 

White-browed 
Sparrow-
weaver

Violet-eared 
Waxbill

Sociable 
Weaver

Southern 
Grey-headed 

Sparrow

Scaly-
feathered 

Finch

Red-headed 
Finch

Namaqua 
Dove

Laughing 
Dove

Probability of occurrence (psi)
Dominant 

vegetation:
Blackthorn 

(intercept)

−10.22 ± 30 −335.76 ± 5 457 1.06 ± 0.83 −0.01 ± 0.52 12.10 ± 20 −14.52 ± 186 −1.53 ± 0.39 0.40 ± 3.59

Camelthorn 8.77 ± 30 4.01 ± 3.49 −6.29 ± 20 11.42 ± 186
Grass*Driedoring 9.61 ± 30 −1.92 ± 1.20 −8.38 ± 20 −4.71 ± 2 603
Grass 72.54 ± 1 285 −0.31 ± 0.46 −0.56 ± 0.34
Grass*VegH 523.07 ± 6 712 1.88 ± 0.85
VegH −144.47 ± 2 487 2.73 ± 0.98
Water (m) −1.17 ± 0.46 −562.99 ± 9 389 −1.93 ± 0.73 −0.36 ± 0.38 3.79 ± 2.15 −1.54 ± 1.19 −1.13 ± 1.95
Probability of detection (pd)
Intercept −0.74 ± 0.38 −2.91 ± 0.45 −0.94 ± 0.15 −0.65 ± 0.37 −0.09 ± 0.11 −0.29 ± 0.84 −1.06 ± 0.39 −3.03 ± 1.22
VegH 0.92 ± 0.33 0.15 ± 0.16 −0.27 ± 0.26 −1.25 ± 0.70
Hour −0.94 ± 0.66 −0.42 ± 0.29 −0.55 ± 0.11
Temp 0.01 ± 0.50 −0.23 ± 0.31
Temp*Hour −0.75 ± 0.25

Table 1: Occupancy modelling output for the 15 most common bird species encountered during point count surveys at Murray Farm. Coefficients 
(±SE) for variables retained in the best model are provided and significant values are highlighted in bold (p < 0.05). VegH = vegetation height, 
Temp = temperature, * = interaction

Probability of 
occurrence

Kalahari 
Scrub-robin

Glossy  
Starling

Fawn-
coloured 

Lark

Chestnut-
vented 

Tit-babbler

Cape 
Turtle Dove

Black-throated 
Canary

Black-chested 
Prinia

Probability of occurrence (psi)
Dominant vegetation:
Blackthorn (intercept)

95 ± 1 516 −2.31 ± 0.71 0.98 ± 0.51 1.50 ± 1.01 201 ± 228 −5.54 ± 2.11 169.38 ± 1 993

Camelthorn −55.90 ± 911 −0.65 ± 0.99 9.70 ± 106 59.49 ± 1 208
Grass*Driedoring −31.51 ± 197 −2.01 ± 1.11 −236.42 ± 259 28.48 ± 715
Grass 93.79 ± 1 719 0.65 ± 0.36 −1.09 ± 0.80 −105.42 ± 1 498
Grass*VegH 63.70 ± 11 175 −96.65 ± 1 139
VegH 24.18 ± 469 86.04 ± 923
Water (m) −26.43 ± 627 −1.29 ± 0.67 0.60 ± 0.48 −139.66 ± 135 −2.48 ± 1.87 −46.80 ± 566
Probability of detection (pd)
Intercept −2.06 ± 0.24 −1.54 ± 0.58 −1.34 ± 0.21 −1.24 ± 0.24 −2.08 ± 0.24 −1.03 ± 0.79 −1.21 ± 0.12
VegH −0.42 ± 0.21 0.71 ± 0.15 −0.50 ± 0.13
Hour −0.23 ± 0.27 −0.56 ± 0.15 −0.19 ± 0.27 0.58 ± 0.55
Temp −0.31 ± 0.28 0.53 ± 0.28
Temp*Hour −0.19 ± 0.21 0.13 ± 0.20
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= −0.32 ± 0.26, t = −1.24, p = 0.24). Diet did not explain 
preference for perch locations in sun or shade (F2,12 = 1.42, 
sun:shade coefficients: granivores: 0.70 ± 0.71, insecti-
vores: 1.96 ± 1.24, omnivores: −0.12 ± 1.37), but granivores 
were more likely to be observed displaying panting or 
wing-drooping behaviour (F2,12 = 0.71, heat dissipation 
score coefficients: granivores: 0.35 ± 0.12, p = 0.02, insecti-
vores: −0.25 ± 0.21, p = 0.26, omnivores: −0.12 ± 0.24, 
p = 0.62). Furthermore, there was no relationship between 
distance from surface water and heat dissipation behaviour 
(F1,13 = 0.18, −0.04 ± 0.1, t = −0.42, p = 0.69). Despite much 
variation in species richness scores at each point, species 
richness decreased at a rate of about 2 species km−1 
with increasing distance from surface water (F1,98 = 11.5, 
−0.002 ± 0.0004, t = −3.39, p = 0.001; Figure 3).

Discussion

Water was the single most important correlate of bird 
presence at our study site, included in the best fitting 
occupancy models for 13 of 15 species. Locations of water 
points in the landscape therefore predicted bird distributions 
strongly, despite reductions in detectability caused by time 
of day and in some cases temperature. Only one vegeta-
tion variable, presence of blackthorn, correlated with bird 
presence, for six of 15 species. Furthermore, bird proximity 
to surface water was also strongly correlated with drinking 
dependence, with species more reliant on surface water 
apparently ‘anchored’ in the landscape by the presence 
of stock watering troughs. In keeping with this, total avian 
species richness was higher closer to surface water, as 

has been described in other arid-zone bird communities, 
e.g. New Mexico (Bock 2015) and Australia (Fisher et 
al. 1972). Like Bock (2015), we detected an influence of 
surface water on avian community structure over very small 
spatial scales; the maximum distance from surface water of 
any of our point count locations was just over 2 km.

The relationship between drinking dependency and 
proximity to surface water in our data set appears to be 
mediated by diet. With one notable exception, granivorous 
birds in our study community were significantly more 
dependent on drinking surface water than were insectivores 
or omnivores. These results are in line with a study of birds 
from the mesic Fynbos biome of South Africa (Lee et al. 
2017), which also found that relative water visitation rates 
were best explained by dietary guild. 

Our drinking dependence scores were calculated by 
comparing the numbers of individuals of each species 
drinking (using observations made with trail cameras at 
water points) with the relative abundance of that species 
in the wider environment (from our point count data). 
A study of dependence on surface water using stable 
isotopes at Tswalu Kalahari Reserve (~200 km from our 
study site) found a similar pattern of high dependence on 
surface water in granivores that was not reflected in insecti-
vores (Smit et al. 2017). The agreement between these 
two very different methods strengthens the evidence that 
granivores are indeed much more drinking dependent 
than other guilds of small birds in the Kalahari. We would 
further expect such a relationship given that granivores 
should rely on surface water when water gains from their 
dry diet and metabolic water production are unable to 
balance evaporative water losses, i.e. especially in hot and 
arid environments (MacMillen 1990). In keeping with this, 
the distribution of small granivores, such as Red-headed 
Finch (24 g), Violet-eared Waxbill Uraeginthus granatinus 
(12 g) and Black-throated Canary (13 g), was very strongly 
predicted by the proximity of water on the Murray Farm, 
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Figure 2: Relationship between water dependence, dietary 
guild, and the value of the distance from water coefficient from 
occupancy modelling (i.e. psi, being the beta parameter explaining 
probability of occurrence). Given that the water coefficient 
values were standardised, more negative values indicate higher 
probability of occurrence with closer proximity to water. For clarity, 
one could imagine the surface water source is ‘at’ the far left of 
the x-axis. The line is the mean of the regression between the 
variables. The grey band represents one standard error above and 
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Figure 3: Total bird species richness per point count location as a 
function of distance from water point at the Murray Farm, southern 
Kalahari. The line is the mean of the regression between the 
variables; the grey band represents one standard error above and 
below the mean



Abdu, Lee and Cunningham6

with highest abundance of these species nearby to stock 
watering troughs. 

A tiny body size combined with a dry diet probably 
means that water demands are high for small granivo-
rous finches, especially during hot weather (Bartholomew 
and Cade 1956; McKechnie and Wolf 2010). Access to 
free surface water may therefore be an important factor 
allowing these species to persist in the arid Kalahari. Small 
granivorous estrildid finches also appear to be restricted 
in their distributions by the presence of water in the hot 
deserts of Australia, potentially for the same reasons 
(Fisher et al. 1972). Despite this, some small Kalahari 
granivores (e.g. Red-headed Finch and Scaly-feathered 
Finch Sporopipes squamifrons) can survive remarkable 
lengths of time without drinking (Cade 1965; Willoughby 
and Cade 1967). 

Scaly-feathered Finches are an outlier in our data set 
in that they are a very small-bodied (~12 g) granivore that 
shows very low reliance on drinking water and a distribution 
in the landscape unaffected by the location of surface water 
sources. This result is in keeping with a similar finding by 
Smit (2013). Scaly-feathered Finches are near-endemic to 
the arid zones of southern Africa (Hockey et al. 2005). The 
arid climate of this region is very ancient and for most of its 
history very little surface water would have been available 
to birds. It has therefore been suggested that endemic and 
near-endemic desert species such as the Scaly-feathered 
Finch have experienced prolonged selective pressure to be 
able to persist using oxidative or pre-formed water alone 
(Whitfield et al. 2015), perhaps explaining the unusual 
emancipation from water of this species, compared with 
other members of its foraging guild. During our observations 
we observed 367 individuals, none of which were observed 
panting, although 45 were observed using wing drooping as 
a heat dissipation behaviour. 

Species that rarely or never drink surface water in the 
Kalahari rely largely on their diets to replenish them with 
pre-formed or metabolic water (Smit 2013). For example, 
the omnivorous White-browed Sparrow-weaver has been 
observed to continually search for food even at high 
temperatures (Smit et al. 2013). Small amounts of oxidative 
water gained from feeding on seeds often suffice for some 
species, such as the Dune Lark Calendulauda erythro-
chlamys in the Namib Desert (Williams 1999, 2001). In the 
Americas, and White-winged Doves Zenaida asiatica forage 
on the saguaro cactus Carnegiea gigantea, which provides 
a generous amount of water (Wolf et al. 2002). Other 
species feed on water-rich prey such as insects, other 
birds or small mammals (Labuschagne 1959). Elsewhere, 
water-deprived Zebra Finches Taeniopygia guttata were 
able to gain 0.24 mL of water per day from their diet, while 
the White-throated Silverbill Euodice malabarica lost water 
equivalent to only 12% of its body mass per day when fed 
seeds strictly (Maclean 1996). 

Birds in hot and arid places face an important trade-off 
between evaporating water in order to maintain stable body 
temperatures (especially when air temperatures approach 
or exceed avian body temperature, i.e. low 40s °C; 
McKechnie and Wolf 2010) and maintaining hydration 
status. Most non-columbid species use panting or gular 
flutter to facilitate respiratory water loss (rEWL): behaviours 

that are easily recognisable in the field (Smit et al. 2016), 
and which we recorded during point counts for this study.  
Another study looking at relationships between rEWL and 
air temperature in Kalahari avian communities has found 
that birds strongly reliant on drinking surface water (such 
as small granivores) also engage in rEWL at cooler air 
temperatures than species that persist on preformed or 
oxidative water (Smit et al. 2016). In contrast to this, we 
did not find a correlation between drinking dependence and 
the probability of birds being engaged in panting or gular 
flutter, although we did not explicitly investigate relation-
ships between rEWL and temperature. Instead, we found 
a relationship between probability of panting/gular flutter 
and diet, with seed-eating birds observed panting and wing 
spreading more often compared with insectivorous and 
omnivorous birds. 

The structuring of arid-zone avian communities by the 
presence of artificial water points means the Kalahari bird 
community is non-uniform over scales of kilometres and 
ecological effects may be expected as a consequence. 
Africa has been regarded as a continent susceptible to 
climate change (Callaway 2004), with average temperatures 
expected to increase by 0.02 °C y−1 in southern Africa 
(Morishima and Akasaka 2010). The southern Kalahari 
desert and surrounding areas in north-western South 
Africa are undergoing faster rates of warming compared 
with other regions of the country, potentially leading to a 
negative impact on biodiversity (Kruger and Sekele 2013). 
However, the provisioning of artificial water in this environ-
ment is likely facilitating the presence and abundance of 
some bird species, notably small granivorous passerines. 
Even at the very small spatial scales considered in this 
study, presence of water increases avian species richness 
in the immediately surrounding landscape, especially in 
terms of seed predators, potentially with implications for 
the functioning of these arid ecosystems. Communities of 
birds will likely change if water points are closed or water 
becomes scarcer under climate change, which could well 
alter the ecosystem functioning of these regions. 
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Vernacular name Scientific name Groups
Mean 
group 
size

SD
Heat 

dissipation 
score

Ratio of 
sun:shade

Surface 
water 

dependency
Acacia Pied Barbet Tricholaema leucomelas 12 1.17 0.39 0.11 1
African Cuckoo Cuculus gularis 1 1
African Grey Hornbill Tockus nasutus 5 1 0 0
African Hoopoe Upupa Africana 7 1 0 0.5 0
Anteating Chat Myrmecocichla formicivora 15 1 0 0.4 3.67
Ashy Tit Parus cinerascens 38 1.11 0.31 0.06 0.17
Black-chested Prinia Prinia flavicans 111 1.11 0.37 0.08 0.66 0.195
Black-shouldered Kite Elanus caeruleus 1 1
Black-throated Canary Crithagra atrogularis 9 1.78 0.83 0 1.33 4.763
Brubru Nilaus afer 6 1 0 0 0.2
Cape-turtle Dove Lamprotornis nitens 127 1.27 0.57 0.94 0.22 4.200
Cape Glossy Starling Streptopelia capicola 29 1.52 0.57 0.38 0.38 4.150
Chestnut-vented Tit-babbler Sylvia subcaerulea 68 1.1 0.46 0.16 0.16 0.000
Common Scimitarbill Rhinopomastus cyanomelas 31 1.39 0.5 0.92 0.21
Common Swift Apus apus 5 1.4 0.55
Crimson-breasted Shrike Laniarius atrococcineus 10 1.3 0.48 0.5 0.5
Crowned Lapwing Vanellus coronatus 1 2 0 0
Dusky Sunbird Cinnyris fuscus 26 1.2 0.41 0.09 0.33
Familiar Chat Cercomela familiaris 4 1 0 0 3
Fawn-coloured Lark Calendulauda africanoides 90 1.07 0.25 0.05 8.63 0.169
Fork-tailed Drongo Dicrurus adsimilis 32 1.13 0.42 0.15 1.88
Gabar Goshawk Melierax gabar 1 1
Golden-tailed Woodpecker Campethera abingoni 3 1 0 0 0
Grey-backed Sparrow-lark Eremopterix verticalis 1 2 0 0
Groundscaper Thrush Psophocichla litsitsirupa 1 1 0
Jacobin Cuckoo Clamator jacobinus 1 1
Kalahari Scrub-robin Erythropygia paena 46 1.02 0.15 0.1 1.2 0.063
Kori Bustard Ardeotis kori 1 1 0
Laughing Dove Streptopelia senegalensis 16 1.19 0.4 1.17 0.08 3.261
Lesser-grey Shrike Lanius minor 1 1 0
Lilac-breasted Roller Coracias caudatus 26 1 0 0.17 1.33
Long-billed Crombec Sylvietta rufescens 1 1 0 0
Marico Flyctcher Bradornis mariquensis 20 1.05 0.22 0.12 0.27
Namaqua Dove Oena capensis 63 1.24 0.56 0.05 1 2.327
Pygmy Falcon Polihierax semitorquatus 9 1.11 0.33 0.17 2.5
Pirit Batis Batis pririt 9 1.22 0.44 0 0.13
Red-crested Korhaan Lophotis ruficrista 1 1 0 0
Red-headed Finch Amadina erythrocephala 6 2.33 1.75 0.2 1 6.489
Rufous-eared Warbler Malcorus pectoralis 4 1 0 0 1
Scaly-feathered Finch Sporopipes squamifrons 447 2.12 1.95 0.14 1.01 0.266
Shaft-tailed Whydah Vidua regia 2 1 0 0 1
Sociable Weaver Philetairus socius 314 4.82 7.16 0.24 0.83 4.050
Southern-masked Weaver Passer diffusus 1 1
Southern Grey-headed Sparrow Tockus leucomelas 76 1.33 0.74 0.11 0.63 4.139
Southern Yellow-billed Hornbill Ploceus velatus 8 1.13 0.35 2 0.2
Striped Kingfisher Halcyon chelicuti 5 1 0 0.25 0.25
Swallow-tailed Bee-eater Merops hirundineus 2 1 0 0 0
Violet-eared Waxbill Uraeginthus granatinus 12 1.33 0.49 0 0.5 3.426
White-backed Vulture Gyps africanus 9 1.44 0.73 0
White-browed Sparrow-weaver Plocepasser mahali 61 1.48 0.87 0.26 0.37 2.883
Yellow-bellied Eremomela Eremomela icteropygialis 36 1.19 0.47 0.17 0.35
Yellow Canary Crithagra flaviventris 14 1.57 0.76 0.18 1.6

Appendix 1: Summary table of the bird species observed during point counts at the Kalahari study site. Groups is the total number of 
groups observed, with mean and standard deviation (SD) of group sizes indicated. Heat dissipation score is defined as the ratio of birds not 
observed dissipating to those displaying panting or wing-drooping behaviour (0 = none, 1 = all). The sun:shade ratio is the sum of the birds 
observed in the sun divided by the sum of the birds observed in the shade across all observations (a low score indicates a preference for 
shaded locations). The surface water dependency score for the 15 species for which this could be calculated using occupancy modelling 
output is indicated


