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flow of flooding were found
in the soil layers, imply-
ing that this sand deposition
was not from wind-blown
sand, but from the erosion
of sand dunes by flooding.
The sand dune has
advanced northward. To
monitor sand dune advance-
ments, a reference loca-
tion was set at point K, as
shown in Figure 4, where
a pole was planted at the
end of the sand dune on
Fig. 20. Movement of sand dune from December 1, 2002 to November 29, 2002. The
November 21, 2007. rate of advancement was

The advancement is represented as sequential cross-sections found to be 40-145cm/year

from right to left (south to north). on the basis of the measure-

ments taken between December 2002 and November 2007 (Fig. 20). The slope
of sand dune was steeper in August (average: 31.3°) than in November (aver-
age: 29.0°), as the floods during the rainy season from January to April (Fig. 9)
trim the tips of the dunes.

V. Recent Environmental Change and Tree Death

At Site 1, soil profiles from the bank formed by the redeposit of dune sand
(P-A, P-B, and P-C; Fig. 4), the high-water bed below the bank (P-D, Fig. 4),
and the river bed (P-E, Fig. 4) were compared (Fig. 21).

The upper layers of the soil profiles that included almost no litter (P-A, P-B,
P-C) suggest that the bank has been recently formed by the redeposit of dune
sand (Fig. 21). The date of tree death (P-B) was estimated at either 1959-1962
or 1983-1987 by '“C concentration (Mizuno, 2005). In the soil profile P-B, it
is reasonable to assume that the sand was deposited over the wood fragments
by floods in the 1960s to 1970s, based on its estimated date (1959-1963) and
on the fact that the trees appear to have died between 1983 and 1987 (Mizuno,
2005). In the soil profile P-C, dull brown (7.5YR5/4) sand deposits to a
thickness of 150cm overlie dull yellowish-brown (10YR5/4) sandy silt. A wood
fragment at the bottom of the sand layer had an estimated date of 1955-1958
by “C concentration (Mizuno, 2005), and the date of tree death was estimated
at 1962-1964 or 1976-1979 by "“C concentration (Mizuno, 2005). In the soil
profile P-C, it appears that sand was deposited over the wood fragments by
floods in the 1960s to 1970s and that the trees died between 1976 and 1979.

In the three soil profiles at the points of tree deaths (P-A, P-B, P-C), coarse
sand is deposited more than 70cm from the land surface, and no fine-grained
soil exists in the layers shallower than that. It is reasonable to assume that
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Fig. 22. Kuiseb River. Fig. 23. Kuiseb River flood.

Kuiseb River usually has no surface flow. (January 18, 2004: by Andrea Schmitz).
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Fig. 24. Summary of Kuiseb River floods at Gobabeb, 1963-2006.
1963-1985: Seely et al., 1981; Ward and Brunn, 1985. 1985-2006: from data of the Gobabeb

Training and Research Centre.

trees died because they could not absorb water contained at the fine-grained
soil layer through their shallow roots. In the soil profile of P-D at the point of
no tree deaths, a fine-grained soil layer (sandy silt) between 40 and 80cm depth
from the ground can bear water.

VI. Flood Fluctuations and Tree Death

In Gobabeb, the number of days of flood (in which all running water is con-
sidered flood) (Figs. 22 & 23) for the Kuiseb River was 33.0 days per year
from 1963 to 1976, and 10.0 days per year from 1977 to 2006. This repre-
sents a decrease to only one third of the 1963-1976 value (Fig. 24). The period
1976-1987, estimated by "“C methods as the date range of extensive tree deaths,



Environmental Change and Vegetation Succession along the Kuiseb River 17

coincides with the period when the number of flood days was very low. Until
1976, each successive flood regularly transported and deposited fine-grained
materials (e.g., sandy silt) that could bear water from the upper reaches of the
river, and the trees did not die. For 9 years, from 1977 to 1985, the number
of flood days decreased to 27 in total (3.0 days/year). For six years, from 1980
to 1985, very little flooding occurred, and many trees died, presumably due to
deficiency in deposition of the fine materials at shallow depth, as well as low-
ering of the groundwater level.

CONCLUSIONS

The reason behind extensive tree deaths along the Kuiseb River has been
investigated since 2001. Tree deaths were concentrated on river banks where
sands from dunes had been thickly redeposited by flooding. Acacia erioloba
was abundant in these areas. Although Faidherbia albida germinated more
commonly than Acacia erioloba on the river banks, the former was less likely
to survive than the latter.

In an effort to explain the deaths of so many mature Acacia erioloba, the
environmental conditions were analyzed. Acacia erioloba extends its main roots
deep into the moist, fine-grained soil layer immediately after germinating and
absorbs water through lateral roots there. When these seedlings become mature
trees, they are likely to extend a great number of lateral roots in the shallow
depth and absorb water seeping into the shallow layer of land. Fog often arises
in the morning around Gobabeb, and the shallow roots absorb water brought by
the fog.

Flooding occurred frequently until the early 1970s but has become less com-
mon since then. The groundwater level also dropped due to the decrease in
flooding. Although successive floods used to bring and deposit fine-grained
materials from the upper reaches of the river, such materials are becoming
scarcer. It is reasonable to conclude that the cause of extensive tree death was
a lack of water caused by this lack of deposition of fine materials and the
attendant drop in the groundwater level, both of which made it difficult for the
shallow tree roots to absorb water at its shallow depth.

The findings and considerations so far in this paper have implications for
human activities in this area. The livelihood of the Topnaar people is highly
dependent on the fragile forests along the Kuiseb River. Forests provide shade,
firewood, and building materials to the people, and food to livestock. If flood-
ing continues to decrease, it is likely that trees deaths will increase, which will
negatively affect the livelihood of the local people.
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