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Soil carbon isotopes reveal
ancient grassland under forest
in Hluhluwe, KwaZulu-Natal

A.G. West”, W.J. Bond* and J.J. Midgley”

We investigated stable carbon isotope ratios of soil organic matter
in the forests of the Hluhiuwe-Umfolozi Game Reserve, KwaZulu-
Natal. Analysis of soil profiles in the forest indicated a shift from C,
to C, vegetation with depth. These results suggest that the area now
covered by mature, tall forest in the region was once grassland.
These findings support the hypothesis that the grasslands of
KwaZulu-Natal are older than previously thought.

The origin and spread of grassland vegetation in South Africa
has intrigued biologists. Grasslands have been viewed as being
of recent origin, spreading at the expense of forests under the
influence of anthropogenic burning, farming, felling and
pastoralism."* The age of grasslands elsewhere has recently been
revised, however, placing their origin in the late Miocene and
spreading to cover large areas by the Pleistocene, long before
human impact was of any significance.™ Authors in South Africa
have supported this concept of ancient grasslands,*” challenging
the view that Iron Age farmers were responsible for the extent of
grasslands in South Africa. Instead, it seems that farmers had
only localized effects on forest/grassland boundaries and that
the extent of grasslands owes more to biophysical processes
operating on large temporal and spatial scales.

In this paper we report the results of an analysis of isotopic
composition of soil organic matter (SOM) in the Hluhluwe
Forest. The forest forms an ‘island’ in an area thought to have
been deforested by Iron Age farmers, leading to the surrounding
savanna structure of today” Qur results indicate that the
Hluhluwe Forest, far from being an ancient relic of a forested
landscape, was previously a grassland. Although we have not
obtained dates in this study, our preliminary results are consis-
tent with evidence from elsewhere in Africa for a general
increase in tree and forest cover since the start of the Holocene **

Soil organic matter carbon isotopic studies

C, and C, plants have different "C/"C ratios and produce very
different isotopic signatures.' The mean 8"°C value for C, plants
is —27%0 and for C, plants is —13%c, with considerable variation
about the mean.""” The 6"C signal of the vegetation is conveyed
to the SOM with decay'>'* and may persist for from decades to
millennia.*"” Under stable conditions the 8"C signature of the
surface SOM is in equilibrium with the vegetation from which it
is derived." Older SOM, lower down the soil profile, should also
reflect the 8"°C signature of the parent vegetation.” Thus, under
conditions of vegetation change, the 8"°C value of the soil profile
should offer a record of the dominant vegetation type through
time. However, progressive enrichment of 6"°C of SOM
occurs **' This is attributed to recent changes in the "C content

5

of atmospheric CO,*” the differential preservation of SOM

*Botany Department, University of Cape Town, Private Bag, Rondebosch, 7701 South
Africa E-mail awest@botzoo uct ac za

South African Journal of Science 96, May 2000

Research Letters

components with different isotopic signals™**

fractionation during decomposition and mineralization.
Nevertheless, this technique has been successfully used to docu-
ment vegetation changes in a variety of locations world
Wlde 17,14,21,26,29-34

and isotope
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Study sites and sampling strategy

The sites sampled in this study are located in the forests of
Hluhluwe-Umfolozi Game Reserve, KwaZulu-Natal (28°00°S;
31°43'E). Soil samples were taken from three flat and three
steeply sloping forested areas. All sites were covered by a contin-
uous, tall forest canopy and were located away from the forest
margins.

Soil was collected down a smooth profile of a soil pit. Soil pits
were used to minimize the chance of sampling areas that had
undergone recent bioturbation. Leaf litter was collected from di-
rectly above the soil pit before digging. Roughly 800 g of soil was
collected at each depth. Pits were dug to a depth of 55 cm. Soil
was sampled from depths of 0-10 cm, 15-25 cm, 30—40 cm and
45-55 cm.

Analytical procedures

Sample preparation followed procedures set out in previous
studies of soil organic matter.""*** Surface litter samples were
oven-dried at 80°C and then ground in an electric mill to a fine
powder. Soils were air-dried and passed through a 2-mm ieve to
remove stones and loose organic matter. From every sample, a
200 g subsample was ground in a mortar and pestle. A further
10 g subsample was then treated with 10% HCI (10 M) overnight
to dissolve away any carbonates. During this procedure, loose
organic matter was also floated off. The samples were then
rinsed and dried at 105°C overnight. Loose aggregates formed in
the drying process were broken up. Depending on organic
content, between 0.04 and 0.10 mg of sample was loaded into a
mass spectrometer and combusted online. Isotopic ratios are
expressed relative to the Pee Dee Belemnite Standard [67°C =
((R e / Rpgy) ~ 1 x 1000), where R is the *C/**C ratio].

Results

Samples from both flat and sloping locations indicated a trend
from C, vegetation to C, vegetation with increase in depth
(Fig. 1). The surface litter for all profiles was indicative of C,
vegetation. The 8"C of the top 22.5 cm of SOM ranged between
24.1-22.7%0. The 8"°C of SOM below that ranged from
19.1-14.8%o. Differences between the top to the bottom of
the soil profile were 7.2%o (slopes) and 9.3%» (level ground)
(Table 1).

Discussion

There is evidence of a general trend from C,-dominated vege-
tation at some stage in the past to C,-dominated vegetation at
present in the Hluhluwe Forest and environs The profiles show
a strong trend from C, covering vegetation and C,-dertved SOM
in the surface layers (025 cm) to organic material with a large C,
component in deeper soil (30-55 cm) (Fig. 1). The "C-enriched
soil levels at depth were seen in all soil profiles sampled in the
Hluhluwe region. The deepest level sampled had 6"C values
ranging from —19.1%o to —14.8%., which are typical of arbora-
ceous savanna” and tussock grasslands.” Thus it seems that the
area now covered by forest was previously a grassland or grass-
dominated savanna.

This raises the question of how old these forests are. The
generally accepted view has been that of Acocks,' who proposed
that forest was the climax vegetation in the KwaZulu-Natal
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region. Acocks' postulated that grass-
lands in this region were 'false” grass-
lands, created by the burning and
clearing of forests by Iron Age farmers.
This hypothesis has been challenged
before.”” ¥ The trends from the
Hluhluwe soil prefiles support the hy-
pothesis of Ellery ind Mentis," that the
grasslands are in tact much older, and
the forests conseqiently younger, than
initially thought by Acocks.'

We do not at present have a date for
this shift, as dating SOM is fraught with
problems. This is mainly due to the
methodological difficulty associated
with "C dating of 5OM, the differential
rates of decompcsition” and vertical
migration of the various size fractions
of organic matenal,™ Using charcoal
found at various d>pths in the profile to
date SOM* also presents problems as
bioturbation may result in younger
fragments being placed deeper than
older material. Desjardins et al.™ found
no correlation between depth and char-
coal “C-age. Thusitis difficult to obtain an accurate age for SOM.
Nevertheless, rough estimates can be obtained using the tech-
niques mentioned above. This is an avenue to be pursued in
future research.
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Causes of recent (C, to C, vegetation shifts

The changes in 1 egetation at Hluhluwe are not unique; there
have been several reports of such a shift worldwide.*"* ™ It
seems that after the global expansion of C, ecosystems at the end
of the Miocene,™ a similarly widespread transformation from
C,- to C,~-domunated systems occurred in the Holocene.”=' =4
The recent expansion of C, vegetation continues in the present
and local climate change and land-use patterns, involving fire
regimes and grazing practices, have been invoked to explain
these trends.* However, the widespread nature of the Miocene
and Holocene shilts suggests that a global cause, possibly the
increase in global (O, levels, is responsible for these vegetation
changes.

Several studies have indicated that CO, levels are responsible
for transformations between C,- and C,-dominated ecosys
tems.”** Low CO, concentrations are thought to lead to
C,-dominated ecosystems.” An increase in atmospheric CO,
should thus favour the establishment of woody (C,) plants. The
increase in global CO, concentrations from ~180 ppm (18 000

Table 1 Mean (+s.d.” §'3C values (%) of organic matter at each depth in
the soll profiles from Hilltop Forest, Hluhluwe Nature Reserve. ‘Level
represent areas of lsvel ground within the forest. ‘Slopes’ represent
steeply sloping forest areas Overall shift in 3'3C from shallowest to
deepest soil tevel Is shown

Depth (cm) Level (n=3) Slopes (n= 3)
surface litter -267+07 -264+08
0-10 -24,1+05 —23.6+0.5
15-25 -23.2+0.7 —22.7+05
30-40 -17.0+24 -19.1+1.6
45-55 -148+16 -16.4+29
5'°C shift down the soll profile 93 7.2
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Fig. 1. Profiles of 8'3C of soil organic matter from level and steeply sloping ground in the forests of
the Hiuhluwe-Umfolozi Game Reserve Individual curves represent replicate results of separate

years ago) to ~275 ppm (10 000 years ago) corresponds well with
the decrease in 6"'C signals™ and this may in part be due to
anthropogenic fires.” The most recent increase in post-industrial
atmospheric CO, to 360 ppm* may account for the current
woodland expansion witnessed globally.

Whatever the cause, this study indicates that grasslands were
the precursor to forest vegetation in the Hluhluwe region
and that forests are the more recent vegetation cover. It will be
interesting to see if further studies support this hypothesis.
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Antimicrobial resistance of
Salmonella isolates associated
with retail chicken and a
poultry abattoir

P.A. Gouws” and V.S. Brozel’

Animal feed is increasingly being supplemented with antibiotics to
reduce the risk of epidemics in animal husbandry. This practice
could lead to the selection of antibiotic-resistant microorganisms.
The aim of this study was to determine the proportion of antibi-
otic-resistant Saimonella species present on retail and abattoir
chicken in South Africa. Salmoneila isolates were tested for resis-
tance to amikacin, ceftazidime, chloramphenicol, gentamicin,
streptomycin, tetracycline and trimethoprim-sulfamethoxazole. A
large proportion of the bacterial strains displayed multiple antibi-
otic resistance (MAR). A larger degree of resistance to most antibi-
otics was displayed by the isolates from the abattoir samples. The
incidence of MAR pathogenic bacteria was also higher in the
abattoir isolates. These results imply that food-related infections
due to Salmonella contamination will be relatively difficult to treat.
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Global trends indicate progressive increases in the number of
antibiotic-resistant Salmonella strains in humans and farm
animals. The liberal administration of antibiotics in hospitalsand
the widespread abuse of antibiotic supplements in the meat
industries has led to the emergence and persistence of resistant
strains.'”

Antibiotics have proved to be very effective in poultry
husbandry practices. These practices include raising livestock in
overcrowded batteries at optimal temperature and low light
intensity to enhance growth rates and mass increases, and short-
ening the production cycles. Subtherapeutic doses of anti-
microbials are administered routinely via feeds and water to
raise the feeding efficiency and rate of weight gain in cattle, pigs
and poultry.”* The enhanced rate of weight gain has conse-
quently led to a large increase in the use of antibiotics.*** Animals
are also fed carcass meal, edible plastic, sewage, petrochemical
residues and excrement. These feed items are heavily contami-
nated with infectious bacteria so that additional antibiotics are
widely used on poultry farms to suppress the outbreak of
epidemics.*'* In the United States alone, seven million kilograms
of antibiotics is administered to farm animals annually, of which
approximately 40-50% is via livestock feed.>”""

Claims that the practice of dosing animals with subtherapeutic
amounts of antibiotics promotes the development of
antimicrobial resistance of pathogens have been increasing.”" ™"
Moreover, the literature provides evidence for the emergence of
pathogenic bacteria resistant to antibiotics, that could threaten
human health.”'""*

The genetic determinants of antibiotic resistance are encoded
in the bacterial chromosome or in cytoplasmic plasmids." Resis-
tance (R) plasmids are autonomous and self-replicating frag-
ments of DNA whose transcription products confer resistance
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