STUDIA UBB CHEMIA, LXIV, 2, Tom I, 2019 (p. 411-419)
(RECOMMENDED CITATION)
DOI:10.24193/subbchem.2019.2.35

Dedicated to Professor loan Béaldea on the
Occasion of His 80" Anniversary

RADIOCARBON INVESTIGATION OF THE SUPERLATIVE
AFRICAN BAOBABS FROM SAVE VALLEY CONSERVANCY,
ZIMBABWE

ADRIAN PATRUT?’, ROXANA T. PATRUT?, LASZLO RAKOSY®,
DANIEL A. LOWY®, DRAGOS MARGINEANU?, KARL F. VON REDEN*

ABSTRACT. The article reports the radiocarbon investigation results of the
superlative African baobabs from Savé Valley, Zimbabwe. Several wood
samples collected from these baobab were analysed by AMS (accelerator
mass spectrometry) radiocarbon dating. The radiocarbon dates of the oldest
samples were 1529 + 14 BP for Matendere Big baobab, 1179 £ 19 BP for
Chishakwe Big tree and 1096 + 35 BP for Mokore Giant baobab. The
corresponding calibrated ages are 1430 = 15, 1090 + 40 and 1020 + 25
calendar yr. The oldest tree from Savé Valley, which we described previously,
is the Humani Bedford Old baobab. The radiocarbon date of its oldest sample,
1655 £ 14 BP, corresponds to a calibrated age of 1580 + 30 calendar yr.

Keywords: AMS radiocarbon dating, Adansonia digitata, tropical trees,
dendrochronology, age determination, Zimbabwe.

INTRODUCTION

The African baobab (Adansonia digitata L.), which belongs to the
Bombacoideae, a subfamily of Malvaceae, is the best known of the eight or
nine Adansonia species. The African baobab has a natural distribution in the
tropical arid savanna regions of mainland Africa between the latitudes 16° N
and 26° S. It can also be found on several African islands and outside Africa,
in different areas throughout the tropics, where it has been introduced [1-5].
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In 2005, we started an extended research project to elucidate several
controversial aspects related to the architecture, growth and age of the
African baobab and of other large and/or old baobab species. This research
is based on our new approach, which is not limited to fallen specimens, but
allows to investigate and date live individuals, as well. Our approach consists
of AMS (accelerator mass spectrometry) radiocarbon dating of tiny wood
samples collected especially from inner cavities, deep incisions/entrances in
the stems, fractured stems and from the outer part/exterior of large baobabs
[6-12].

The majority of baobabs start growing as single-stemmed trees.
Nevertheless, over time, single-stemmed individuals become multi-stemmed,
owing to the baobabs’ ability to produce periodically new stems, such as other
tree species produce branches. By this special capacity, baobabs develop
over time architectures of increasing complexity. Therefore, we focused on the
investigation of superlative individuals, i.e., very large and potentially old
baobabs. One should emphasize that neither the identification of such very
complex architectures nor the accurate age determination of old baobabs
are possible via traditional dendrochronological methods based on tree ring
investigation [13]. The oldest dated African baobab specimens were found
to have ages greater than 2000 yr [13-15]. By these values, the African
baobab becomes the longest living angiosperm.

The Savé Valley Conservancy is a large wildlife area (3442 km?),
located in the semi-arid South East Lowveld of Zimbabwe, at an altitude of
480-620 m. It consists of multiple properties owned by private ranchers, local
councils, government and a local community [16]. Savé Valley hosts thousands
African baobabs, out of which four are superlative specimens. All these very
large and old trees are located to the north of Turgwe river, more precisely
in the Matendere, Chishakwe, Mokore and Humani ranches.

In a previous article, we presented the AMS radiocarbon dating
results of the Humani Bedford Old baobab, which is not only the oldest tree
of Zimbabwe, but also the oldest living African baoab [17].

Here we also disclose the results of the radiocarbon investigation of
the other three superlative baobabs from the Savé Valley Conservancy.

RESULTS AND DISCUSSION

The superiative baobabs and their areas. The four superlative baobabs
are located on four ranches, which belong to the Savé Valley Conservancy,
Chiredzi district, Zimbabwe. The mean annual rainfall in these areas is between
360-460 mm.
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The northernmost superlative baobab is the Matendere Big baobab,
which was discovered in 1994 by Léon Duplessis on the Matendere Ranch.
Its GPS coordinates are 20°00.325' S, 032°03.808' E and the altitude is 702 m.
It has a height h = 22.5 m, the circumference at breast height (cbh; at 1.30 m
above ground level) is cbh = 26.30 m and the overall wood volume (trunk and
branches, including the cavity) is around 300 m3.

The Matendere Big baobab is composed of 7 large units, which
correspond to stems. It has a closed ring-shaped structure defined by 5
stems that incorporate a false cavity, with a very tall opening at a height of
over 6 m. Its canopy has the horizontal dimensions of 38.3 x 39.4 m.

A second representative baobab of Savé Valley, i.e., the Chishakwe
Big tree, can be found on the Chishakwe Ranch. The GPS coordinates are
20°06.656' S, 032°04.991' E and the altitude is 588 m. It has the following
dimensions: h = 26.1 m, cbh = 26.56 m, V = ca. 375 m® (Figure 1). The
Chishakwe Big tree consists of 7 fused stems. It has a closed ring-shaped
structure, with a ring composed of 5 or 6 stems that completely close a false
cavity inside. The cavity has only a tall opening at a height of 7-8 m, which is
inaccessible. The large canopy has the horizontal dimensions of 38.5 x 36.1 m.

The Humani Bedford Old baobab, that we previously dated [17], is
located on the Bedford Block of the Humani Ranch. It was discovered only
in 2011 by Roger and Anne Whittall. The GPS coordinates are 20°24.474' S,
032°14.135' E and the altitude is 432 m. Its dimensions are: h =18.2 m,
cbh =23.65 m, V = 240 m3. The big trunk has a closed ring-shaped structure
which consists now of three fused stems (one stem is missing) that partially
close a false cavity with the walls covered by bark. The Humani baobab
has huge branches, with diametres up to 2.2 m, which form a canopy with
the horizontal dimensions of 27.2 x 24.7 m.

The best-known baobab of Savé Valley, the Mokore Giant baobab, is
located on the Mokore Ranch. It has the following GPS coordinates: 20°23.950'
S, 036°06.836' E and the altitude is 462 m. Its dimensions are: h = 23.2 m,
cbh = 28.11 m and V = ca. 320 m? (Figure 2). The Mokore Giant baobab
possesses 7 stems of different sizes and ages and a large false stem, which
acts as a structural support/anchor. The false stem is mainly empty and fissured;
this might have dramatic consequences on the survival of this specimen in
the near future. The Mokore baobab has a closed ring-shaped structure, with a
ring of 4 stems that close a false cavity. The cavity has an opening only in the
upper part, at a height of over 5 m. The horizontal dimensions of the very large
canopy are 42.3 x 35.1 m.

The Matendere Big baobab and the Humani Bedford Old baobab
are basically unknown in the literature, as well as outside Savé Valley; they
are not included in the registers of the Tree Society of Zimbabwe.
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Wood samples. Several samples were collected from the walls of the
inner cavity (Humani Bedford), as well as from deep incisions in the exterior/
outer part (Matendere, Chishakwe, Mokore) of the four baobabs. The heights of
the sampling points were between 1.36 and 2.05 m. A number of tiny pieces/
segments, each 0.1 cm long, were extracted from determined positions of each
sample.

Figure 1. The Chishakwe Big tree is the tallest and largest
African baobab of Zimbabwe (26.1 m, 375 m3).

o

-

Figure 2. The Mokore Giant baobab has the biggest
circumference (28.11 m) of all trees of Zimbabwe.
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AMS results and calibrated ages. Radiocarbon dates of the two oldest
samples/segments extracted from each baobab are listed in Table 1. Radiocarbon
dates and errors were rounded to the nearest year. The radiocarbon dates
are expressed in C yr BP (radiocarbon years before present, i.e., before
the reference year AD 1950).

Calibrated (cal) ages, expressed in calendar years, are also presented in
Table 1. The 1-0 probability distribution was selected to derive calibrated age
ranges. For four samples, the 1-¢ distribution is consistent with only one range of
calendar years, while for the other four samples the 1-o distribution corresponds
to two or three ranges of calendar years. For these segments, the confidence
interval of one range is considerably greater than that of the other(s); therefore, it
was selected as the cal AD range of the segment for the purpose of this
discussion. For obtaining single calendar age values of sample segments, we
derived a mean calendar age of each segment from the selected range (marked
in bold). Calendar ages of samples represent the difference between AD 2019
and the mean value of the selected range, with the corresponding error.
Calendar ages and errors were rounded to the nearest 5 yr.

Table 1. AMS Radiocarbon dating results and calibrated calendar ages of samples
collected from superlative baobabs from Savé Valley Conservancy

Tree Sample/ | Radiocarbon date Cal AD range Sample age
segment | of oldest sample(s) 1-0 [error]
code [error] [confidence interval] (cal yr)
("*C yrBP)
Matendere | MAT-1 1529 [+ 14] 552-556 [3.3%)] 1430 [+ 15]
Big baobab 572-604 [56.3%]
618-627 [8.6%)]
MAT-2 1305 [+ 19] 684-738 [59.3%] 1310 [+ 25]
762-771 [8.9%]
Chishakwe | CH-1 1179 [+ 34] 888-970 [68.2%)] 1090 [+ 40]
Big tree
CH-2 1065 [+ 24] 994-1026 [68.2%] | 1010 [+ 15]
Humani HB-1 1655 [+ 14] 410-469 [68.2%] 1580 [+ 30]
Bedford
Old baobab | HB-2 1375 [+ 20] 658-682 [50.2%] 1350 [+ 10]
746-757 [18.0%]
Mokore MOK-1 1096 [+ 35] 972-1026 [68.2%)] | 1020 [+ 25]
Giant baobab
MOK-2 990 [+ 18] 1042-1050 [7.7%] 910 [+ 30]

1080-1145 [60.5%]
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Dating results of oldest samples (segments). The two oldest samples
originating from the Matendere Big baobab, labelled MAT-1 and MAT-2, were
found to have radiocarbon dates of 1529 + 14 and 1305 + 19 BP (before
present, i.e., before the reference year AD 1950). These values correspond
to old calibrated ages, namely 1430 £ 15 and 1310 + 25 calendar yr.

The two oldest samples extracted from the Chishakwe Big tree, i.e.,
CH-1 and CH-2, had radiocarbon dates of 1179 £ 19 and 1065 + 24 BP. These
dates correspond to calibrated ages of 1090 + 40 and 1010 % 15 calendar yr.

For the Mokore Giant baobab, the oldest samples MOK-1 and MOK-
2 have radiocarbon dates of 1096 £ 35 and 990 + 18 BP. These values
correspond to calibrated ages of 1020 + 25 and 910 £ 30 calendar yr.

We previously disclosed the radiocarbon dating results of samples
collected from the Humani Bedford Old baobab. The two oldest samples
HB-1 and HB-2 were found to have radiocarbon dates of 1655 + 14 and
1375 + 20 BP. These dates correspond to calibrated ages of 1580 + 30 and
1350 * 10 calendar yr [17].

Architecture of the superlative baobabs. All four superlative baobabs
of the Savé Valley Conservancy possess a closed ring-shaped structure
with a false cavity inside. This special type of architecture enables baobabs
to reach large sizes and old ages. We remind that false cavities, which
have the walls covered by bark, are in fact natural empty spaces between
several fused stems disposed in a closed ring-shaped structure. Over time,
false cavities close progressively. Several false cavities have closed completely
over time, retaining only one or several small openings. The thickness of the
cavity walls, i.e., of the fused stems that define the false cavity, is of only 1-2 m.
For wood samples collected from the false cavity walls toward the exterior, as
well as in the case of samples collected from the exterior toward the false
cavity, the age sequence shows a continuous increase from the sampling
point up to a certain distance into the wood, after which it decreases in the
opposite direction. The oldest part of the fused stems is located between
the false cavity walls and the exterior of each stem, always closer to the cavity,
in an area that would be accessible to the increment borer and allows to
collect very old samples [12,13,15,18].

Three superlative baobabs (Matendere, Chishakwe, Mokore) have
their false cavity completely closed, with the exception of a high opening
positioned at 5-8 m above the ground. Their false cavity can be observed
only by climbing the trunk of the baobab or with the help of a drone. The
fourth superlative baobab (Humani Bedford) also had its false cavity quasi-
completely closed several centuries ago. The cavity has now a large opening
after the collapse of a fourth stem of the ring.
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Ages of the superiative baobabs. The oldest dated samples/segments
originate from the false cavity only for the Humani Bedford Old baobab. In
this direction, the distance from the false cavity to the exterior/outer part,
i.e., the width of the cavity walls, was found to be 1.20 m. We also evinced
the presence of the growth stop phenomenon. Radiocarbon dating results
demonstrated that the oldest dated stem stopped growing toward the false
cavity 600 yr ago, while it has continued its growth toward the exterior for
almost 250 yr.

By considering the sample/segment positions and ages, the growth
stop and the width of the cavity walls, we estimated that the investigated
stem of the Humani-Bedford baobab has an age of 1800 + 100 yr. By this
value, it becomes the oldest living African baobab [17].

For the other three superlative baobabs, the oldest samples/segments
were collected from the exterior toward the false cavity. In these cases, we
cannot determine the width of the cavity walls and we have no concrete
evidence about the growth stop. We can only state that the age of the oldest
part of each tree is certainly older than the oldest dated sample/segment. In
a conservative estimate, we assume that their ages would be: 1500 + 100 yr for
the Matendere Big baobab, 1200 £+ 100 yr for the Chishakwe Big tree and
also for the Mokore Giant baobab.

CONCLUSIONS

Our research discloses the AMS radiocarbon dating results of the four
superlative African baobabs from the Savé Valley Conservancy, Zimbabwe.
These baobabs are: the Matendere Big baobab, the Chishakwe Big tree,
the Humani Bedford Old baobab and the Mokore Giant baobab. The main
aim of the research was to establish the architectures and the ages of these
trees.

All four baobabs exhibit a closed ring-shaped structure with a false
cavity inside. This architecture consists of several fused stems around a natural
empty space, which we named false cavity.

Several wood samples collected from the baobabs were radiocarbon
dated. The radiocarbon dates of the oldest samples were found to be 1529 + 14
BP for the Matendere Big baobab, 1179 1+ 19 BP for the Chishakwe Big tree
and 1096 + 35 BP for the Mokore Giant baobab. These values correspond
to calibrated ages of 1430 + 15, 1090 + 40 and 1020 + 25 calendar yr.

However, the oldest tree from Savé Valley, which we have previously
described, is the Humani Bedford Old baobab. The radiocarbon date of its
oldest sample, i.e., 1655 + 14 BP, corresponds to a calibrated age of 1580 + 30
calendar yr.
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EXPERIMENTAL SECTION

Sample collection. The wood samples were collected with a Haglof
CH 800 increment borer (80 cm long, 0.54 cm inner diametre). A number of tiny
pieces/segments of the length of 0.1 cm were extracted from predetermined
positions along the wood samples. The segments were processed and
investigated by AMS radiocarbon dating.

Sample preparation. The standard acid-base-acid pretreatment method
was used for removing soluble and mobile organic components [19]. The
pretreated samples were combusted to CO, by using the closed tube
combustion method [20]. Then, CO, was reduced to graphite on iron catalyst,
under hydrogen atmosphere [21]. Finally, the resulting graphite samples
were analysed by AMS.

AMS measurements. AMS radiocarbon measurements were performed
at the NOSAMS Facility of the Woods Hole Oceanographic Institution (Woods
Hole, MA, U.S.A.) by using the Pelletron ® Tandem 500 kV AMS system.
The obtained fraction modern values, corrected for isotope fractionation
with the normalized &'3C value of -25 %, were ultimately converted to a
radiocarbon date.

Calibration. Radiocarbon dates were calibrated and converted into
calendar ages with the OxCal v4.3 for Windows [22], by using the SHCal13
atmospheric data set [23].
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