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ABSTRACT
Aim To examine potential impacts of climatic change on bird species richness of

the fynbos and grassland biomes, especially on species of conservation concern,
and to consider implications for biodiversity conservation strategy.
Location Southern Africa, defined for this study as South Africa, Lesotho and

Swaziland.
Methods Climate response surfaces were fitted to model relationships between
recorded distributions and reporting rates of 94 species and current bioclimatic
variables. These models were used to project species’ potential ranges and
reporting rates for future climatic scenarios derived from three general circulation
models for 30-year periods centred on 2025, 2055 and 2085. Results were
summarized for species associated with each biome and examined in detail for 12
species of conservation concern.
Results Species richness of fynbos and grassland bird assemblages will potentially
decrease by an average of 30–40% by 2085 as a result of projected climatic
changes. The areas of greatest richness are projected to decrease in extent and to
shift in both cases. Attainment of projected shifts is likely to be limited by extent
of untransformed habitat. Most species of conservation concern are projected to
decrease in range extent, some by > 60%, and to decrease in reporting rate even
where they persist, impacts upon their populations thus being greater than might
be inferred from decreases in range extent alone. Two species may no longer have
any areas of suitable climatic space by 2055; both already appear to be declining
rapidly.

*Correspondence: Brian Huntley, School of
Biological and Biomedical Sciences, Durham
University, South Road, Durham DH1 3LE,
UK.
E-mail: brian.huntley@durham.ac.uk

Main conclusions Species losses are likely to be widespread with most species
projected to decrease in range extent. Loss of key species, such as pollinators, may
have far-reaching implications for ecosystem function and composition.
Conservation strategies, and identification of species of conservation concern,
need to be informed by such results, notwithstanding the many uncertainties,
because the certainties of climatic change make it essential that likely impacts not
to be ignored.
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Changes in global climate forecast for the present century
(Meehl et al., 2007) are of sufficient magnitude and expected
to take place at such a rapid rate that species are expected to
respond principally by shifting their geographical ranges to

continue to occupy climatically suitable areas (Huntley et al.,
2010). Changes in abundance of species are also expected to
occur (Huntley et al., 2011), and such changes are often likely
to be realized more rapidly than potential range shifts. It also is
expected that many species may suffer a heightened risk of
extinction as a result of reductions in extent of areas of suitable
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climate (Thomas et al., 2004), spatial or temporal discontinuities in such areas (Huntley, 1998) or reductions in overall
abundance (Huntley et al., 2011). Although adaptive genetic
responses are also expected, in the short term, these will be
limited by species’ inherent genetic variability (Huntley, 2007)
and are unlikely to mitigate the negative effects of climatic
change (Parmesan, 2006). Species most vulnerable to negative
climatic change impacts are likely to be those with limited
geographical distributions, especially those restricted to higher
elevations or to the poleward extremities of continents, species
with specialized climatic and/or other environmental requirements, and those whose ranges already are reduced as a result
of habitat loss.
South Africa hosts several global biodiversity ‘hotspots’
(Myers et al., 2000; Küper et al., 2004), the Cape Floristic
Region being particularly well known for its extreme floristic
diversity. In addition to the recognized global hotspots,
southern Africa’s distinct biomes (Fig. 1) support a high
diversity of species in a range of taxa, and its grassland flora
and fauna exhibit high levels of both threat and endemism
(Reyers et al., 2005, 2007). Two southern African biomes
whose species may be especially vulnerable to climatic change
are the fynbos biome of extreme south and south-western
South Africa, and the grassland biome, associated principally
with higher elevations in the east and south-east of the region.
Each supports a range of endemic birds and a number of birds
of conservation concern. About one-third of the area of each

biome, however, has been lost through transformation into
agricultural land, plantation forestry, urban areas or a range of
other land-use types (fynbos – 31%, grassland – 33%, Fig. 2).
In addition, what remains of each is often degraded as a result
of biotic invasion and/or unfavourable management. Transformation and degradation of the fynbos biome are especially
prevalent in southern and western areas of its former extent;
transformation of the grassland biome is also severe in the
southern part of its former extent. Were future climatic change
to be characterized by general warming, and hence an overall
poleward shift in areas offering suitable climatic conditions for
species of these biomes, then increasing coincidence of the
climatically most suitable areas with those parts of the biomes
already most severely transformed or degraded would render
these species particularly vulnerable to negative climatic
change impacts.
In common with southern Africa as a whole, both biomes
have experienced recent (1950–2000) climatic changes, although
because these have been spatially and seasonally heterogeneous,
the patterns of change contrast between the two biomes. An
overall warming trend has characterized the Western Cape
region, and hence the area occupied by the fynbos biome; the
area of the grassland biome, however, has shown no clear overall
trend in mean temperatures, annually or seasonally, although
the frequency of frost and the length of the season with frosts
both have decreased generally in the interior regions where this
biome predominantly occurs (Warburton et al., 2005). In terms

Figure 1 Potential biomes of South
Africa, Lesotho and Swaziland. The
potential natural vegetation of southern
Africa mapped at the biome level (data
from Mucina & Rutherford, 2006).
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Figure 2 Former and present extents of
the fynbos and grassland biomes. The
potential extent of the fynbos and grassland biomes (after Mucina & Rutherford,
2006) overlaid with the ‘fynbos and
shrubland’ and ‘Unimproved grassland’
classes from the South African National
Landcover Dataset 2006 to show the extent
of transformed and untransformed land in
each biome.

We used reporting rate data from the first Southern African
Bird Atlas Project (SABAP1, Harrison et al., 1997) to obtain

both the observed distribution and an observed index of
abundance for each species examined. Data were recorded
using a 0Æ25 · 0Æ25 grid extending across Namibia, South
Africa, Lesotho, Swaziland and Zimbabwe, and using a
0Æ5 · 0Æ5 grid in Botswana, giving a total of 4537 grid cells
across the six countries. Species were selected principally using
the Roberts Bird Life-history Database derived from Hockey
et al. (2005). Species associated with the grassland biome (62
spp., see Table S1 in Supporting Information) use grassland as
their main habitat, whilst species associated with the fynbos
biome (39 spp. see Table S1) use fynbos as either their main or
secondary habitat. A total of 92 species was selected, of which
nine are associated with both biomes. Ten of the selected
species are of conservation concern, being listed globally and/
or in South Africa as vulnerable, endangered or critically
endangered. Furthermore, 43 species are endemic to southern
Africa, with a further four near-endemic and one endemic as a
breeding species; eight of the 10 species of conservation
concern are endemics. Two further species of conservation
concern were also included, Gypaetus barbatus (Bearded
Vulture or Lammergeier) and the near-endemic Gyps coprotheres (Cape Vulture). Although both are listed by the Roberts
Bird Life-history Database as having cliffs as their primary
habitat, this relates to their breeding requirements; both forage
extensively, principally over areas of short vegetation, especially grassland and scrubland, including fynbos.
Climatic data were obtained from the Worldclim database
(Hijmans et al., 2005), values for the quarter-degree cells used
to record the SABAP1 data being calculated following Hole
et al. (2009). Values for five bioclimate variables used to model
species’ ranges were then calculated for each grid cell, again
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of precipitation, the fynbos biome has experienced a general
increase in annual rainfall, whereas grassland has experienced an
overall decrease. In both cases, the trends have arisen principally
from trends in summer rainfall (December–February), which
has decreased in summer rainfall areas and increased in winter
rainfall areas (Warburton & Schulze, 2005). Projected future
climatic changes are also spatially and seasonally heterogeneous.
Rainfall is consistently projected to decrease in winter, most
markedly in the winter rainfall region of the fynbos biome, but to
increase modestly in summer in the summer rainfall region of
the grassland biome, although with a delayed onset of summer
rains (Christensen et al., 2007).
Given their importance as biodiversity hotspots and their
potential vulnerability to climatic change, there is an urgent
need better to understand how projected climatic changes may
impact upon the species of these biomes. Our study aimed to
quantify the potential impacts on birds associated principally
with these biomes. In particular, our objectives were:
1. To explore how projected climatic changes may impact
upon overall richness of grassland and fynbos bird assemblages
in southern Africa;
2. To examine the potential impacts of projected climatic
changes upon the ranges and abundances of species of
conservation concern associated with these biomes; and
3. To consider the implications for conservation strategy in
southern Africa.
METHODS
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following the methods described by Hole et al. (2009). The
variables used were as follows: coldest and warmest month
mean temperatures; annual integral of the ratio of actual to
potential evapotranspiration; and indices of the intensity of the
wet and dry seasons, respectively (see Huntley et al. (2006) for
the calculation of these variables). Scenarios of projected future
climatic conditions were derived from transient simulations
made using three general circulation models (GCMs), HadCM3 (Gordon et al., 2000), ECHAM4 (Roeckner et al., 1996)
and GFDL-R30 (Knutson et al., 1999), for the SRES B2
emissions scenario (Nakicenovic & Swart, 2000). Although
made for the IPCC 3rd assessment report (Houghton et al.,
2001), these simulations are still appropriate for our purposes
because, as Christensen et al. (2007) note, both temperature
and precipitation projections made for the 4th assessment
report (Solomon et al., 2007) are similar in magnitude and
patterns of change to those made for the earlier report. Because
of the importance in our study region of seasonality of rainfall
and moisture availability, the GCMs used were selected to span
the range of variation amongst GCMs with respect to projected
precipitation changes: HadCM3 lies close to the overall mean,

whereas GFDL-R30 is close to the ‘wet’ extreme and ECHAM4
to the ‘dry’, both globally and for the study region (Cubasch
et al., 2001; Christensen et al., 2007). Climate scenarios were
for 30-year periods centred on 2025, 2055 and 2085, mean
anomalies being calculated, interpolated to the 0Æ25 · 0Æ25
grid using thin-plate splines, and applied to the observed
climatic data. The land–sea mask applied to the climatic
data resulted in no data being available for 25 of the coastal
cells in the SABAP1 grid that include only small proportions
of land.
Reporting rates, being influenced by detection probability,
that differs amongst species, cannot be used to compare
abundances across species. We cannot exclude the possibility
that detection probability for a given species may vary
systematically with one or more of the bioclimatic variables
used to fit the models, but we are aware of no evidence of such
systematic variation. Reporting rates for a given species can
thus be considered comparable across space and hence can be
used as an index of the species’ abundance. Reporting rates can
thus be modelled to provide a basis for projecting potential
changes in a species’ pattern of abundance as a result of

Figure 3 Species richness for species
associated with the grassland biome.
(a) As recorded in the SABAP1 data;
(b) predicted for present climatic conditions using the climatic response surface
models for the individual species; (c–e)
projected for the ECHAM4 future climate
scenarios; (f–h) projected for the GFDL
future climate scenarios; (i–k) projected
for the HadCM3 future climate scenarios;
(c, f, i) projected for the 2025 climate
scenarios; (d, g, j) projected for the 2055
climate scenarios; (e, h, k) projected for
the 2085 climate scenarios.
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climatic change (Huntley et al., 2011). Locally weighted
regression (Cleveland & Devlin, 1988) was used to fit response
surfaces modelling each species’ reporting rate in relation to
bioclimatic conditions (Huntley et al., 2011). Previous experience has shown that four variables are sufficient to obtain
excellent models for most bird species of sub-Saharan Africa,
with coldest and warmest month mean temperatures, and the
annual integral of the ratio of actual to potential evapotranspiration, used in all models, and either the wet or dry season
intensity used as the fourth variable (Hole et al., 2009). Models
therefore were fitted for all species using both possible
combinations of four variables, the model that gave the better
goodness-of-fit then being used to project potential future
abundance patterns. Table S1 indicates which seasonal moisture variable was included in the model used to make
projections for each species.
When fitting species’ distribution models (SDMs), goodness-of-fit can be assessed using many different measures
(Allouche et al., 2006). Although our models predict an index
of the species’ abundance, for the purposes of assessing
goodness-of-fit, this can be considered equivalent to the

‘suitability’ or ‘probability of occurrence’ values generated by
SDMs; as with probability of occurrence, predicted reporting
rates are expressed as values in the range 0.0–1.0. We therefore
assessed the performance of our models using 12 different
goodness-of-fit measures that have been proposed (including
Cohen’s kappa (Cohen, 1960), the true skill statistic (Allouche
et al., 2006), and area under the curve for a receiver operating
characteristic plot (Metz, 1978)), as well as the correlation
between observed and predicted reporting rates. In the case of
those measures that require a threshold value, this was
determined as that value that optimized the particular
measure, the measure being computed for all values of
predicted reporting rate from 0.0 to 1.0 in increments of
0.001. The choice of which fourth variable to use for each
species was made by examining which model had the better
goodness-of-fit for a majority of these measures. When
analysing and mapping projections of species’ reporting rates,
we excluded predicted reporting rates below a species-specific
threshold value that optimized Cohen’s kappa.
The response surface models were used to predict species’
potential ranges and abundance patterns for current climate

Figure 4 Species richness for species
associated with the fynbos biome. Panels
are as in Fig. 3.
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and for the nine projected future climate scenarios (second
objective). Projected changes in potential range extent and
median reporting rate were summarized numerically. Species
richness for the two biome groups was assessed for each grid
square by counting the species observed or predicted to occur
therein and the results mapped (first objective). The extent to
which projected shifts in the areas of greatest richness might be
attainable was assessed by comparing, for each grid cell,
projected richness changes by 2085, expressed as an ensemble
mean across the three GCMs, with extent of the relevant
biome, as mapped by (Mucina & Rutherford, 2006), and
proportion of that biome mapped by the South African
National Landcover Dataset 2006 as transformed or degraded.
Finally, for species of conservation concern, observed and
predicted reporting rates were mapped, the latter for both
current climate, to illustrate model performance, and for the
HadCM3 2085 scenario, to exemplify potential climatic
change impacts by the end of the present century (third
objective).
RESULTS
Abundance patterns of most species were successfully modelled; 79 of the 94 species’ response surface models had AUC
values ‡ 0.9, 59 of these ‡ 0.95 (Table S2), indicating that they
have high or very high performance (Metz, 1978). All but one
of the remainder were ‘useful’, with AUC values ‡ 0.7. The
single species giving a model with a lower performance was
Falco biarmicus (Lanner Falcon). Most models also gave good
correlations between observed reporting rates and those
predicted for present climate. Even the model that performed
least well on this criterion, that for Anomalospiza imberbis
(Cuckoo Finch), a brood parasite of various Cisticola and
Prinia spp. with a very patchy distribution, gave a highly
significant correlation coefficient of 0.3414 (d.f. = 4535,
P < 0.001). Furthermore, the AUC value of 0.896 for this
model is very close to the threshold for high performance.
Predictions of potential distributions for current and
projected future climates for species associated with the fynbos
and grassland biomes were summarized by counting the
number of species in each group potentially able to occupy
each of the 1881 grid cells in southern Africa. The numbers
recorded in the SABAP1 data for each grid square also were
counted. Predictions for current climate systematically underestimated species richness in both cases (Figs 3 & 4, compare
panels a and b), although markedly more so for the grassland
(median number of species in cells with one or more species:
observed = 17; predicted = 12) than for the fynbos biome
(median number of species in cells with one or more species:
observed = 12; predicted = 11). This bias, however, is unsurprising given the sparse and/or scattered recorded occurrences
of many species and very limited ranges of others, especially
amongst those of the grassland biome. Furthermore, regressing
predicted on observed species richness revealed a highly
significant relationship in both cases (grassland: F = 3799,
P << 0.0001, d.f. = 1880; fynbos: F = 5226, P << 0Æ0001,
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d.f. = 1880). Whilst these regression relationships could be
applied to ‘adjust’ the results from projections for future
climate scenarios, this would not alter the proportional changes
in richness upon which we focus. Instead, maps of predicted
species’ richness for current climate are presented for comparison with those for future climate scenarios (Figs 3 & 4).
The results indicate striking consistency between the three
GCMs; although the ECHAM4 scenarios tend to give the
greatest impacts and the GFDL scenarios the least, the general
patterns are very similar. In the case of the grassland biome
(Fig. 3), the overall pattern is of decrease in extent of the area
of high species richness as the century progresses, with
contraction mainly from the north and north-west. The area
of greatest richness also shifts southwards. In addition, there is
a contraction eastwards of the area of moderate richness that,
under current climate, extends west across the Northern Cape.
One area in which the three GCMs differ is the extent to which
species-rich grid cells are projected in the Western Cape, with
HadCM3 scenarios projecting notably greater richness in this
region. Across all grid cells, untransformed grassland occupies
a mean of 14.8% of their area. Grid cells where species richness
is projected to increase (286 cells) average 14.5% untransformed grassland, although this drops to 0.4% where richness
is projected to more than double (12 cells), whereas it is 11.6%
where richness is projected to fall to less than half (499 cells).
Turning to the fynbos biome (Fig. 4), the pattern is more
complex, involving both fragmentation and reduction in

Table 1 Projected potential changes in richness of the grassland
and fynbos assemblages.
Richness of the species assemblage
maximum/mean/median
Time period
Present
Observed
Predicted
2025
ECHAM4
GFDL
HadCM3
Ensemble mean
(% of present)
2055
ECHAM4
GFDL
HadCM3
Ensemble mean
(% of present)
2085
ECHAM4
GFDL
HadCM3
Ensemble mean
(% of present)

Grassland biome

Fynbos biome

49/18.1/17
34/13.6/12

35/13.0/12
33/11.2/11

35/11.7/10
34/12.0/10
34/11.9/10
34.3/11.9/10.0
(101/87/83)

27/9.5/9
29/9.7/9
29/10.3/10
28.3/9.8/9.3
(86/88/85)

33/9.4/8
31/11.1/10
33/10.4/9
32.3/10.3/9.0
(95/76/75)

27/8.2/8
29/8.1/7
31/8.9/8
29.0/8.4/7.7
(88/75/70)

33/8.1/6
35/10.7/9
33/8.8/8
33.7/9.2/7.7
(99/68/64)

25/7.2/6
27/7.8/7
30/7.8/7
27.3/7.6/6.7
(83/68/61)
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extent of the area of greatest species richness. There is,
however, once again a general contraction southwards.
Whereas untransformed fynbos occupies a mean of 4.0% of
their area when averaged across all grid cells, those cells where
species richness is projected to increase (363 cells) average only
2.6% untransformed fynbos. All 123 cells where richness is
projected to more than double lie outside the fynbos biome. In
contrast, those cells where richness is projected to decrease
(1459 cells) have a mean of 4.4% of their area occupied by
untransformed fynbos.
An alternative view of the species-richness projections is
provided in Table 1 where values for each mapped dataset are
summarized in terms of their maximum, mean and median
values. This reveals that, whilst maximum richness is largely
sustained for grassland species, the mean and median

progressively decline, to averages across the GCMs of 68%
and 64% respectively by 2085. In the case of fynbos species,
maximum richness also declines, to an average of 83% by 2085,
whilst the mean and median show similar declines to those for
grassland species, to 68% and 61%, respectively. Strikingly, the
mean and median richness for both biomes are projected
already to have declined by 12–17% by 2025.
The results for all 94 species are summarized numerically in
Tables S2 and S3. Across all species, and across the three
GCMs, mean range extent potentially decreases by 34% by
2085 (Table S2); potential decreases of 15% and 27% by 2025
and 2055 indicate that reductions in range extent are expected
to be apparent soon and to continue throughout the century.
These average figures, however, do not tell the full story. Even
as an ensemble average across the three GCMs, the potentially

Table 2 Projected changes in range and median reporting rate for species of conservation concern.
Present

2025

2055

Species

Obs

Pred

ECH

Geronticus calvus
Southern Bald Ibis

255 279
16.3 16.9

79.6
73.7

83.9
87.0

77.8
75.7

80.4
78.8

76.3
74.6

77.4
87.6

74.2
80.5

76.0
80.9

61.3
76.3

94.3
79.9

62.4
78.4

72.6
78.2

Gypaetus barbatus
Bearded Vulture

92
88
14.0 14.4

69.3
99.0

80.7
81.5

86.4
73.9

78.8
84.8

36.4
80.8

43.2
82.2

42.0
71.8

40.5
78.3

23.9
64.1

45.5
73.9

28.4
59.2

32.6
65.7

Gyps coprotheres
Cape Vulture

557 546
12.1 11.9

Circus maurus
Black Harrier

530
6.2

673
4.6

74.0
88.0

Neotis denhami
Denham’s Bustard

290
7.7

330
7.3

GFDL Had

110.1 116.8
102.5 100.8

Ens

ECH

2085
GFDL Had

Ens

GFDL Had

103.3 118.5
93.3 89.1

91.1
95.7

90.5
100.0

85.2
94.6

44.1
102.2

46.1
87.0

66.1
91.3

52.1
93.5

31.1
93.5

41.8
84.8

44.1
89.1

39.0
89.1

87.9 106.1
84.9 95.2

95.5
93.2

96.5
91.1

64.8
90.4

75.2
91.8

77.9
102.7

72.6
95.0

49.1
104.1

92.7
87.7

68.8
97.3

70.2
96.3

Eupodotis caerulescens 365 359
Blue Korhaan
20.0 20.5

56.5
81.5

63.0
81.5

62.1
88.8

60.5
83.9

28.4
78.3

45.4
72.7

32.3
72.2

35.4
74.4

14.8
78.0

30.6
62.4

17.8
73.7

21.1
71.4

Heteromirafra ruddi
Rudd’s Lark

11
4.8

20
3.9

15.0
97.4

30.0
97.4

45.0
87.2

30.0
94.0

0.0
0.0

0.0
0.0

15.0
71.8

5.0
23.9

5.0
59.0

0.0
0.0

10.0
91.0

5.0
50.0

Calendulauda burra
Red Lark

45
68
20.0 9.6

91.2
83.8

75.0
72.3

83.8
85.9

83.3
80.6

63.2
70.2

8.8
73.8

58.8
74.3

43.6
72.8

57.4
83.8

10.3
61.8

58.8
74.9

42.2
73.5

Spizocorys fringillaris
Botha’s Lark

17
2.8

22
1.7

13.6
84.8

18.2
97.0

36.4
100.0

22.7
93.9

0.0
0.0

0.0
0.0

13.6
72.7

4.5
24.2

0.0
0.0

0.0
0.0

31.8
84.8

10.6
28.3

Hirundo atrocaerulea
Blue Swallow

28
3.4

27
5.5

111.1 70.4
114.5 100.0

114.8 98.8
103.6 106.1

44.4 37.0
106.4 101.8

100.0 60.5
127.3 111.8

29.6
90.0

29.6
84.5

55.6
123.6

38.3
99.4

Bradypterus sylvaticus
Knysna Warbler

25
3.3

31
2.2

51.6 38.7
100.0 100.0

83.9 58.1
100.0 100.0

45.2 58.1
86.4 109.1

48.4
90.9

50.5
95.5

Anthus chloris
Yellow-breasted Pipit

44
2.9

41
2.7

14.6
7.3
87.0 114.8

22.0
96.3

14.6
99.4

34.1
90.7

46.3
88.9

35.8
92.0

101.5 138.3
99.2 86.6

Ens

106.4 111.1
101.7 101.7

26.8
96.3

113.2 111.7
83.2 88.5

ECH

22.6 35.5
122.7 118.2
19.5
81.5

19.5
88.9

100.4 113.4
89.9 91.9

51.6 36.6
86.4 109.1
26.8
96.3

22.0
88.9

Upper values for each species relate to range extent and lower values to median reporting rate. For the present observed (Obs) and predicted (Pred)
columns, values given are the range extent, as the number of grid cells with a recorded non-zero reporting rate or the number of cells with a predicted
reporting rate above the threshold taken to represent presence, and the median observed or predicted reporting rate, the latter again computed only
for cells with predicted reporting rates above the same threshold. For the future climate scenarios, values are the projected values for each period for
each general circulation model (GCM) (ECH – ECHAM4; GFDL – GFDL-R30; Had – HadCM3), expressed as a percentage of values predicted for the
present, and ensemble averages (Ens) across the scenarios from the three GCMs, again expressed as a percentage of the values predicted for the
present.
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most negatively impacted species (Heteromirafra ruddi –
Rudd’s Lark) is projected by 2085 to decrease in range extent
by 95%, with a range across the three GCMs of 90–100% range
loss. At the other extreme, some species are projected
potentially to increase in range extent, with the extreme case
(Coturnix delegorguei – Harlequin Quail) having an ensemble
mean potential range extent by 2085 of more than three times
that at present. Such extreme increases in potential range
extent for a minority of species bias the mean across species of
relative range extent. The ensemble mean 41% decrease in
median potential range extent by 2085 gives a more accurate
impression of the magnitude of the overall negative impact
upon the species examined.
Potential impacts upon species abundance were assessed by
examining changes in species’ median projected reporting rate
for grid cells with projected values above the threshold taken to
represent their presence. By 2085, 14% and 16% reductions are
projected in the mean and median of these values across
species compared with those predicted for the present
(Table S3). Thus, not only are species on average projected
to decrease substantially in range extent, but also even within

that reduced range their abundance is projected to decrease. As
with potential impacts upon range extent, the overall mean or
median values only tell part of the story. The most negative
potential impact upon abundance is projected for Spizocorys
fringillaris (Botha’s Lark), with an ensemble mean projected
reporting rate for 2085 only 28% of that for the present.
However, this results from this species being projected to have
a potential range extent of zero grid cells under two of the
GCM scenarios for 2085; the one GCM scenario that gives
some projected remaining potential range (HadCM3, 32%)
also gives a projected median reporting rate 85% of that for
the present. At the other extreme, Chaetops frenatus (Cape
Rock-jumper), whilst projected to decrease in range extent
by 62% by 2085 as an ensemble mean across the three GCMs,
is projected to increase in median reporting rate to a value
159% of the median reporting rate predicted for present
conditions.
The results for the 12 species of conservation concern are
summarized numerically in Table 2. The projections for 2085
for HadCM3 are also mapped alongside each species’ observed
and predicted present ranges (Figs 5–7). Descriptions of the

Figure 5 Present recorded and predicted,
and a projected potential future, ranges
and reporting rates for four grassland
species of conservation concern. (a–c)
Geronticus calvus (Southern Bald Ibis);
(d–f) Neotis denhami (Denham’s Bustard);
(g–i) Eupodotis caerulescens (Blue
Korhaan); (j–l) Heteromirafra ruddi
(Rudd’s Lark); (a, d, g, j) Recorded
distribution and reporting rates; (b, e, h,
k) Predicted present distribution and
reporting rates; (c, f, i, l) Distribution and
reporting rates projected for the HadCM3
2085 climate scenario. (Colour scales
indicate relative reporting rate for each
species, darker colours indicating higher
values.)
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Figure 6 Present recorded and predicted,
and a projected potential future, ranges
and reporting rates for four grassland
species of conservation concern. (a–c)
Calendulauda burra (Red Lark); (d–f)
Spizocorys fringillaris (Botha’s Lark); (g–i)
Hirundo atrocaerulea (Blue Swallow); (j–l)
Anthus chloris (Yellow-breasted Pipit).
Panel organization and colour scales as in
Fig. 5.

Previous studies of the potential impacts of climatic change
on plants of the fynbos biome have highlighted potential

reduction in its extent, species’ range displacements and
potential extinctions (Midgley et al., 2002, 2006). This study
has projected similar outcomes for the birds associated with
the fynbos and grassland biomes in southern Africa. Most
individual species’ range extents are potentially reduced,
average ensemble mean reduction by 2085 being 34% (range:
95% reduction to 205% increase). However, this study has
also projected decreases in median reporting rate of species
in occupied grid cells, average ensemble mean reduction by
2085 being 14% (range: 72% decrease to 59% increase). The
overall population impacts are thus likely to be much greater
than would be inferred from the loss of range alone. As a
result, extent of the area of co-occurrence of species
associated with each biome also is reduced, as is the median
richness of the species assemblage. Such potential loss of
diversity of species assemblages associated with these biomes
not only is of great intrinsic concern from a biodiversity
conservation perspective, but could also have far-reaching
implications in terms of ecosystem function if, as a result,
key species such as pollinators are lost from the assemblage.
In this context, it is noteworthy that the potential range
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results for each species are given in Appendix S1. All eight
species associated with the grassland biome are consistently
projected to experience reductions in range extent by 2085,
with most also having reduced median reporting rates.
Sustained or modestly increased median reporting rates are
projected only for Neotis denhami (Denham’s Bustard) and
Hirundo atrocaerulea (Blue Swallow). The two fynbos species
are also projected to experience marked reductions in range
extent by 2085, although median reporting rate is sustained or
only modestly decreased. The two cliff-nesting species show
contrasting outcomes, with G. barbatus (Bearded Vulture or
Lammergeier) projected to experience substantial range reduction and decrease in median reporting rate by 2085, whereas
G. coprotheres (Cape Vulture) is projected to sustain or even
increase its range and more or less to sustain its median
reporting rate.
DISCUSSION

B. Huntley and P. Barnard

Figure 7 Present recorded and predicted,
and a projected potential future, ranges
and reporting rates for four species of
conservation concern, two cliff-nesting
species and two fynbos species. Cliffnesting species: (a–c) Gypaetus barbatus
(Bearded Vulture, Lammergeier); (d–f)
Gyps coprotheres (Cape Vulture); Fynbos
species: (g–i) Circus maurus (Black
Harrier); (j–l) Bradypterus sylvaticus
(Knysna Warbler). Panel organization and
colour scales as in Fig. 5.

reductions of Promerops cafer (Cape Sugarbird), Nectarinia
famosa (Malachite Sunbird) and Anthobaphes violacea
(Orange-breasted Sunbird), three important pollinator species, are all greater than the median reduction across all
species.
Two of the species examined, Heteromirafra ruddi and
Spizocorys fringillaris, are projected potentially to lose all
suitable climatic space by 2085 for two of the future climate
scenarios considered. More seriously, complete range loss is
projected already by 2055, with substantial range reduction
underway by 2025. Such species are obvious targets for
intensive monitoring to detect early signs of vulnerability.
Comparison of the data collected by the current SABAP2
project (http://sabap2.adu.org.za/) with those from SABAP1
provides insight into the extent to which projected changes in
range and abundance may already be apparent. In the case of
H. ruddi, re-survey by SABAP2 has to date (SABAP2 data
‘snapshot’ taken 12th October 2011) detected the species in
only two of 11 grid cells where it was formerly reported (10
cells re-visited; median number of checklists returned per grid
cell = 14.5). Although it has also been detected in three grid

cells from which it was not previously reported, the null
hypothesis of no change in overall reporting rate is nonetheless
rejected (G = 22.696, P = 0.0000019), the species exhibiting a
highly significant decrease between surveys. For S. fringillaris,
the situation is similar, with re-survey so far detecting the
species in only three of 17 grid cells from which it was
previously recorded (all cells re-visited; median number of
checklists returned per grid cell = 15), but with new records
from three grid cells. Once again, the null hypothesis of no
change in overall reporting rate is rejected (G = 4.233,
P = 0.0396), the species exhibiting a significant decrease.
Furthermore, none of the cells where either species has been
newly detected is projected as suitable under any of the future
climate scenarios for 2025. Given that both species are of
conservation concern, strategic decisions are necessary about
whether such species that may rapidly succumb to climatic
change impacts are worthwhile targets for allocating conservation resources. Such decisions are rendered more difficult by
the uncertainty of the potential outcome, both species
potentially persisting under one 2085 scenario, albeit in areas
where they have not been detected in either SABAP survey.
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Turning to the overall group of species of conservation
concern, the more general issue arises of the extent to which,
and how, projections of potential future impacts should be
taken into account when designing conservation measures.
Consideration of this issue must take into account uncertainties in the response surface models, as well as those that arise
from global emissions trajectories and differences between
GCMs. Nonetheless, to ignore the implications of projections
such as those presented here is to ignore the certainty that
climatic changes are happening, that species will be impacted
by these changes, and that at least the direction of change, if
not the rate and eventual magnitude, is consistent across
emissions scenarios and GCMs. The results presented here
should be of use in provincial, national and bioregional
conservation planning processes, as well as in informing how
best to shape future spatial biodiversity assessments with
climatic change vulnerability in mind (Reyers et al., 2007).
More generally, although only 12 of the 94 species examined
are currently identified as being of conservation concern, up
to 49% of the species we examined are projected to occupy
by 2085 a range extent less than half that predicted for the
present. For between 4 and 12 species, depending upon the
GCM, their range extent is projected to be < 20% of present by
the year 2085. Such potential impacts upon individual species’
ranges result in substantial projected reductions in overall
richness of the two species groups in many areas and shifts in
the areas of maximum richness. The latter projected shifts,
however, often are into areas that either lie outside the relevant
biome, or else where habitats already have been extensively
transformed, rendering it unlikely that the shifts will be
attainable. Such information needs to inform strategic decision-making about biodiversity monitoring, conservation
priorities and resource allocation; it is also being used in the
revision of the region’s Red Data Book for Birds taking place
in 2011–12.
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