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This is a comment on the article of Burrough et al. (2012) in which they present a palaeoclimatic
reconstruction based on phytolith assemblages from sandy shoreline deposits in the Makgadikgadi Basin,
Botswana. While this work highlights a potentially important paleoenvironmental archive in a notably
data-poor region, there are several fundamental short-comings in the Burrough et al. work in terms of
the calibration of their ﬁndings with plant distributions and ecology. Not recognising these limitations in
their article, the authors apply palaeoenvironmental indices that are regionally inappropriate, and which
we argue in turn render their paleoenvironmental interpretations invalid. With no regionally speciﬁc
reference collection being established, it may be the misidentiﬁcation of phytolith morphotypes that has
created the paradox that is posed by Burrough et al.

Burrough et al. (2012) present a reconstruction of past vegetation change as a response to palaeoclimatic variability based on
phytolith assemblages from sandy shoreline deposits in the Makgadikgadi Basin, Botswana. The data presented show diverse assemblages of phytoliths that indicate that the study of these
microfossils has potential for the reconstruction past environmental conditions in the region. However, the study as presented contains several fundamental problems, including a lack of
consideration of regional environments, plant distributions and
ecology. We highlight some of the impacts of these problems, as
well as the importance of developing regionally speciﬁc reference
collections here.
1. Pooideae species are not found within the study region. Burrough et al. claim to have found signiﬁcant percentages (35–
85% of the short-cell sum) of Pooideae phytoliths in their samples, including samples dating to the late Holocene
(1.4  0.2 ka). There are, however, no Pooideae grasses in Botswana (Field, 1976; Kabelo and Mafokate, 2004; Rutherford
et al., 2003, 2012; SANBI, 2003) (Fig. 1). Considering the nature
Burrough et al.’s sites, there is always the possibility of long distance ﬂuvial transport, but the primary drainages (i.e. the Okavango) originate in the tropics. Based on the above cited
databases (which, it should be noted, contain notably fewer records for Angola and Zambia), no Pooideae are recorded in these
catchments, and during the period covered by the Burrough et al.
samples (1.4–140 ka) they are unlikely to have grown there (see
point 2). In those regions with richer datasets, the only parts of

southern Africa where Pooideae grasses are found are in upland
regions of Zimbabwe, South Africa and Namibia and in the Cape
Region, where growing seasons are cooler (mean temperatures
of less than 22  C). In all but the Cape, however, C3 grasses are
still signiﬁcantly outnumbered by C4 grasses (Vogel, 1978;
Vogel et al., 1978). In these cool growing season areas, Cordova
(2013) found that short cells associated with Pooideae grasses
(Group I) make an important part of the diagnostic short cells,
but rarely above 20%, with a single outlier at 40% (Cordova,
2013, ﬁgs 11 and 13). All together, the sum of percentages of C3
diagnostic short cells (sum of Groups I–IV) never exceeds 60%
(Cordova, 2013, ﬁgs 11 and 13). Values above 40% diagnostic C3
short cells occur only in areas with more than 50% of winter
rain or in the mountains of the summer rainfall zone at elevations above 1500 m. In view of the latter, it is very unlikely
that the high percentages of C3 grasses (i.e., Pooideae) in the record presented by Burrough et al. have occurred in the Kalahari.
Perhaps the most likely explanation for this paradox is the lack
of a reliable reference collection for the region, and the possibility
of misidentiﬁcation. Other researchers have encountered similar
difﬁculties, with Kinyanjui (2008) ﬁnding 30–80% “Pooideae”
morphotypes in fossil phytolith assemblages from the Solitaire
site in the Namib Desert. Further analysis of these samples, however, and the use of high quality photographs of southern African
grass phytoliths published by Rossouw (2009) and our own collections, showed some morphotypes produced by some Chloridoideae and Aristidoideae (i.e., Stipagrostis spp.) were most likely
misidentiﬁed as Pooideae. Problems with phytolith multiplicity
(production of many morphotypes within the group) and
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Fig. 1. Map of southern Africa, including major drainage systems and potential ﬂuvial transport vectors to the sites described by Burrough et al. (2012). The shaded area indicates
those regions where the mean temperature of the wet season is below 22  C (data from Hijmans et al., 2005), the cross-over threshold for C3 grasses. The distribution of recorded
Pooideae grasses is shown (Rutherford et al., 2003; Rutherford et al., 2012; SANBI, 2003), and adheres well to the predicted range of C3 grasses.

redundancy (production of morphotypes found in other groups)
render Stipagrostis a very difﬁcult taxonomic group to work
within phytolith research (Cordova, 2013; Cordova and Scott,
2010). Based on the descriptions of Burrough et al., it is possible
that they encountered similar difﬁculties, and highlights the
need for a regionally speciﬁc reference as a prerequisite for accurate, reliable phytolith analysis.
2. It is unlikely that Pooideae-type C3 grasses existed in the
study region in the last 140,000 years. The distribution of Pooideae species adheres to the modelled competitive advantages
afforded to these photosynthetic pathways by varying partial
pressures of CO2 and mean growing season temperatures

(Collatz et al., 1998; Ehleringer et al., 1997; climate data from
Hijmans et al., 2005), whereby with an estimated modern CO2
levels of w375 ppm (Keeling and Whorf, 2004) the cross-over
temperature for C3 grasses is <22  C. Calculated by the mean
temperature of the wettest quarter (a reliable indicator in such
a strongly seasonal region), it is clear that: 1) this is a robust
model for predicting the distribution of C3 grasses in southern
Africa today, including in all probability data-poor regions
such as Angola and Zambia (Fig. 1), and 2) that based on past
temperature and CO2 estimates, during the early Holocene and
last glacial period the distribution would have been even further
restricted (Collatz et al., 1998; Ehleringer et al., 1997; Kulongoski
and Hilton, 2004; Monnin et al., 2001; Stute and Talma, 1998).
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Fig. 2. Histograms of climatic variables based on the distribution of Panicoideae, Chloridoideae and Pooideae grass subfamilies in southern Africa (climate data from Hijmans et al.,
2005; botanical data from Rutherford et al., 2003; Rutherford et al., 2012; SANBI, 2003). For mean annual precipitation, ﬁrst the full distribution of all of the species in each subfamily is considered, and then the full distribution of only those species that are found within 500 km of the study sites (“Kalahari taxa”) is considered. Pooideae, not being found in
the region, are not included. For the Kalahari taxa, no signiﬁcant differences in mean annual precipitation, driest quarter precipitation or mean annual potential evapotranspiration
(PET) are found to exist between the Pancoideae and Chloridoideae subfamilies.

These ﬁndings and predictions are clearly at odds with the Burrough et al.’s assertion that C3 Pooideae grasses were an important part of the vegetation at the study sites at any time during
the recent geological past.
3. Considering points 1 and 2, it is not possible to calculate
a “Climatic Index” as the authors have done. Twiss’s (1992)
“Climatic Index” was created originally for the North American
Great Plains, where the amount Pooideae phytoliths have a negative correlation with mid-summer mean temperature
(Fredlund and Tieszen, 1997), a situation that can occur in other
mid-latitude regions (cf. Twiss, 1992). In East Africa, Barboni
et al. (1999) applied this index to areas with strong elevation
gradients, where relatively low temperatures during the rainy
season may allow some Pooideae to grow. However, in tropical
savannas where no C3 grasses are found and topographical relief
is limited, the application of this index is inappropriate, particularly where these indices have not been tested against the modern temperature and moisture conditions of the region of study
(i.e. the Kalahari and surroundings). In the tropical African savanna, the only C3 grasses are aquatic (including the Arundinoideae subfamily (i.e., Phragmites) and a few species of the
Oryzoideae tribe). The Arundinoideae phytolith shown in the
picture in Fig. 2-g of Burrough et al. is, in fact, not produced by
Phragmites, or any other Arundinoideae. This type of bilobate
is typical of the genus Aristida (see Piperno, 2006, 31, ﬁg. 22),
which is a C4 grass relatively common in Botswana is common
in overgrazed areas (Field, 1976; Kabelo and Mafokate, 2004).
4. Both in terms of distribution and dominant climatic controls
on distribution there is no signiﬁcant statistical difference
between the Chloridoideae and Panicoideae subfamilies in
southern Africa. This likely renders the “Aridity Index” calculated by Burrough et al. insensitive in the region. In some
parts of the world, including the northern tropics of Africa, there
is sufﬁcient spatial differentiation between the Chloridoideae

and Panicoideae subfamilies as a function of water availability
to calculate a functional “Aridity Index” (Alexandre et al., 1997;
Bremond et al., 2005). This partitioning of grass subfamilies is
not apparent in the tropics of southern Africa, where Chloridoideae species are more highly diverse in the environments they
occupy (Gibbs Russell et al., 1990). Considering observations of
Chloridoideae (n ¼ 79,767) and Panicoideae (n ¼ 33,748) grasses
from a number of databases held by the South African National
Biodiversity Institute (http://sibis.sanbi.org/faces/DataSources.
jsp; Rutherford et al., 2012, 2003; SANBI, 2003), it is apparent,
despite inevitable regional sampling biases, that there is no signiﬁcant difference in the distribution of the subfamilies. We
have analysed the subfamily distributions in terms of the climatic variables that best determine ‘mesic’ vs. ‘xeric’ conditions
(mean annual precipitation, potential evapotranspiration and
mean precipitation of the driest quarter; the latter of which is
the primary climatic determinant of the subfamilies’ distributions according to maximum entropy analyses (Phillips et al.,
2006)). From this it is clear that there is no statistical difference
between their niches, either when taken as whole subfamilies,
or when only those species found within 500 km of the study
sites are considered (Fig. 2). This suggests that the calculated
“Aridity Index” is likely to be insensitive in southern Africa.
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