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Introduction

* Changes in vegetation may happen because of many different
drivers; droughts, floods, wind, fire, elephants, etc.

Muumbe, T.P,; Baade, J.; Raumonen, P.;
Coetsee, C.; Singh, J.; Schmullius, C.
Quantitying Tree Structural Change in an
African Savanna by Utilizing Multi-
Temporal TLS Data. Remote Sens. 2025,

(@)

Figure 16. (a) An example of a tree that succumbed to the effects of elephant damage. The image
shows the trees standing in 2015 (blue), and on the ground in 2019 (yellow) (b) An example of a tree
that succumbed to the effects of drought—the image shows the tree with a crown in 2015 (blue) and
having lost most of its crown in 2019 (yellow).



Introduction (cont.)

* During 2019, we interviewed all
rangers and other personnel to find
out where areas with high elephant
Impact were

* We asked for possible mechanisms

* What long-term changes are taking
place in these areas?
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Category 1 includes areas
along the major perennial
rivers. Here vegetation
dynamics are strongly
dependent on flooding
regimes with natural
cycles of low riparian
vegetation after major
floods and slow
succession to thicker
vegetation in the
floodplain and riverbed.
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Elephants may also have high impacts in
Category 3 but the effects of elephants are
exacerbated by intense and frequent fires.
Tree species such as kiaat (Pterocarpus
angolensis) are very susceptible to fire
damage after bark is removed or otherwise
browsed on by elephants.

0 §5 10 20

Kilometers




Elephant Impact Areas - 2019 Update

3a

0 325 65

1

Kilometers

ol
‘3a

B 1
2
\
3b
o) s.
’)'/
11c
\\\
A Ga
" Remove
11b% _"
o
g
?A._J
A -

Elephant Impact Areas - 2019
Category

- Damage causin, g animal Is

- Infrastructure

- Poaching hotspots
- Veg - Perennial rivers

- Veg - Site specific

®  Water Points

A Concession Camps
E Public Camps
Roads

Concession Road
—— Management
~—— Tourist
= Transit

S«X{ Elephant Impact Areas - 2011
-~ Removed

Section Boundaries

Category 4 represents areas where
elephants don’t necessarily have a huge
impact currently but the vegetation type
or habitat is rare in the park.



Methods

* Rain use efficiency:

* Arain use efficiency (RUE) time series, a widely used remote sensing
proxy for ecosystem functioning was generated

* RUE is typically derived by calculating the ratio between net primary
productivity (NPP) (using NDVI as a proxy) and total precipitation of a
given period

* Remote sensing time series analysis and breakpoint detection were used
to identify patterns and changes in ecosystem functioning for the KNP for
the years 1982 to 2015
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* Woody change — GEDI fusion product

* The Global Ecosystem Dynamics Investigation (GEDI), provides publicly
available samples of vegetation structure across near global extents -
Spaceborn LiDAR sensor mounted on the International Space Station

* We combined GEDI footprint samples with continuous remote sensing data
sources to predict woody cover at 30 m resolutions and annual time steps

* Continuous remote sensing predictors included spectral Landsat indices and
backscatter metrics from Synthetic Aperture Radar (SAR). SAR information was
derived from PALSAR 1 and 2, operated by the Japanese Aerospace Exploration
Agency. The temporal extents of those missions constrained our annual
structure predictions to 2007-2010 (PALSAR 1) and 2015-2022 (PALSAR 2)

 GEDI-fusion maps have been used to support wildlife habitat modelling (Vogeler,
J. C., Fekety, P. A., Elliott, L., Swayze, N. C., Filippelli, S. K., Barry, B., ... & Vierling,
K. T. (2023). Evaluating GEDI data fusions for continuous characterizations of
forest wildlife habitat. Frontiers in Remote Sensing, 4, 1196554.)



esults: Rain use efficiency

Table 1 Abrupt change type and subtype characterisation as defined by Bernardino et al. (2020). Adapted from Vermeulen et al. (2024).

Change type Description Change subtype Description

Interrupted  An abrupt shift is observed, yet $ f

00020

Slowing down  Ecosystem functioning undergoes an overall

increase the trend maintains a positive w f gl s ciode of cha
direction both preceding and = { L3, Wil fhe-magniinde.of change
I:] following the breakpoint. g g - decreasing after the breakpoint.
]
Interrupted  An abrupt shift is observed, yet ° l'\ Ecosystem functioning undergoes an overall
decrease the ugnd maintains a negative W g f " ) shift, with the magnitude of change
direction both preceding and €3 ( PN Accelerating increasing after the breakpoint.
following the bre int. A i
- B retpo 1] Sy =
Positive g * 7
reversal An abrupt shift is observed as the w /,.»"’/ Transition
- trend shifts from a decrease to an z 5 L
increase ,z’/ -
& N
& J “wSigniscant Trend A reversal trend that is in a transitional
) phase.
p o N o= - \ The reversal that has completed already
Negative 31200 w 3 —T
raveragl An abru?t shift is ob§er\'ed as the 2 e
- trend shifts from an increase to a \, Complete
decrease 8 * * \ -
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[ Area of concern
I Abrupt change

[ Kruger National
Park

b)

Abrupt Change Year
2001

Bl 2002

Il 2003

[ Kruger National
Park

Abrupt Change Type

B Gradual increase
| Gradual decrease

[ | Interrupted increase
.~ Interrupted decrease
B Negative reversal
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[] Kruger National
Park

Abrupt Change Subtype
I Slowing down

[ Accelerating

B Transition

I Complete

[] Kruger National
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Limpopo River East
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1940

From an
annual burning
policy since
the 1920s and
before (which
incidentally
made it one of

the best game
viewing areas
in the 1930s),
all fires were
suppressed
between 1947-
1954
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Manungu Koppie

KNP South west of Pretoriuskop
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PART OF A VAST SANCTUARY FOR WILD LIFE EXTENDING FOR THOUSANDS OF SQUARE MILES IN THE EASTRERN TRANSVAAL: A TYPICAL SCENE IN THE KRUGER NATIONAL PARK.
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. Averaged across the park, increase in woody cover
- wie Very variable, with huge variation W|th|n an elephant iImpact area

* The greatest loss of woody cover that overlaps with an elephant
area is foundialong the Levhuvhu in the north of the park

o3 Or changes targer than 5%; 90% of park has:not ohanged 10%
"~ has increased, 0.3% has decreased

WA g 40% of thls change took place in elephant |mpaot areas
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The open parkland landscape with sparse woody vegetation and nhumerous wildebeest and zebra at Pretoriuskop in
the 1920s.
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Paul Selby, from The Kruger National Park 1933
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