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a global conservation icon


Llewellyn C Foxcroft
Scientist: Invasion Ecology


South African National Parks
&
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Managing a large national park:


More than just animals







Kruger National Park
Mission Statement:


‘.. to maintain biodiversity 


in all its natural facets and fluxesin all its natural facets and fluxes, 


to provide human benefits,


build a strong constituency 


d t f ibl thand to preserve as far as possible the 


wilderness qualitieswilderness qualities 


and cultural resources..’











A BIO-DIVERSE COUNTRY







~ 1 221 037 km2
~ 55 million people
9 provinces







20,200 km² 
(2 million ha)


Wales 20,767 km²
380 km N-S


Israel 20,77 km² 


Slovenia 20,273 km²


380 km N S


9 hrs drive N-S


60 km E-W


3,300 employees


1,3 million visitors a yeary


17 main tourist camps







Species Diversityp
Plants - 2 000 spp. Woody Plants  - 404 spp.


Birds - 505 spp.
Grasses - 224 spp.


Mammals - 147 spp.


Reptiles - 117 spp.p pp


Fish - 50 spp.


A hibi 34Amphibians - 34 spp.


Invertebrates - Many thousands spp.







Panthera 
leo


PantheraPanthera 
pardusCeratotherium 


simum


Syncerus 
Loxodonta 
africana


caffer 
africana











Adansonia digitata (baobab)







Landscapes


Granite hillsGranite hills







Sclerocarya birrea bush







Sodic sites / patches


accumulation of sodium on 
the foot slopes of granitic 
catenas in semi-arid 
southern Africa 











Hunter-Gatherer periodp
Also called stone-age period 
b f t t l dbecause of  stone tools used
Stone-age people and the San 
h d littl imp t t r lhad little impact on natural 
processes and populations
N m di f ll dNomadic  - followed 
migrating game herds
The left a rich heritage inThey left a rich heritage in 
terms of  their stone tools and 
rock art paintingsrock-art paintings


Du Toit, Rogers, Biggs (2003)







Early Kruger


More than 300 archaeological 
sites of pre-modern man havesites of  pre modern man have 


been found 







The Iron-age Settlement of  black farmers in Lowveld
f hPeriod 


(200 AD - 1836)


from north
Constructed villages, collected wood for 
fire and building material cleared bush( ) fire and building material, cleared bush 
for grazing areas, prepared lands for 
agriculture, and stayed in an area until 
resources were depleted
Formidable hunters, used fire and game 


it t t bi i lpits to capture bigger animals
Traded in ivory, gold & slaves with 
Arabs by the 12’th century AC (eg.Arabs by the 12 th century AC (eg. 
26,000 kg ivory in 1768 through 
Inhambane)
“Difaqane” in early 1800’s (King Shaka
and Zulu wars)







Th C l ni l p ri d: Pi n rThe Colonial period: Pioneers 
& Hunters (1836-1902)


Voortrekkers trekked out of  Cape & 
settled in Transvaalsettled in Transvaal
Uncontrolled hunting for meat, skins and 
ivory decimated game populationsivory decimated game populations. 
The first game laws were implemented in 
1858 by the then Transvaal Republic1858 by the then Transvaal Republic.
The Sabie Game Reserve was proclaimed
in 1898in 1898.















Game Preservation Era 
(1902-1925)
Stevenson-Hamilton appointed as 
Warden in 1902.
Emphasis was on rebuilding 
depleted game populations.
Management actions included
predator control and veld burning.
Movement of  black families out of  
reserve.
S-H lobbied to create a National 
Park











Creating a National Park (1926-1946)


National Parks Act promulgated in 1926.
Public gained access – 1st 3 vehicles intoPublic gained access 1st 3 vehicles into 
Kruger in 1927
Infrastructure created to accommodateInfrastructure created to accommodate 
tourism.
Water provisioning for game started toWater provisioning for game started to
distribute game more evenly.
S-H retired in 1946 at age 79 after 44S H retired in 1946 at age 79 after 44
years in KNP











The Era of  Management by 
I i (1946 1990)Intervention (1946-1990)


KNP Research section created in 1950.
Baseline research and fire experiments started.p
Kruger Park was fenced for disease control
purposes.p p
Era of “Management by Intervention”.
Management actions were rotational burning, g g,
elephant culling and water provisioning.
Segregation of black people from theg g p p
environment due to politics.







‘M b‘Management by 
Intervention’ Era 


(1946-1990)







The new Democracyy
(1990 – 2002)


D f bj i
First democratic elections in South Africa held in 1994


Draft new management objectives
Draft new research programme
Changes in elephant, water and fire 
policiesp
Social Ecology section created in 1995
Greater Limpopo TFCAGreater Limpopo TFCA







Peace Parks:
Trans-frontierTrans-frontier 
national parks







NEW MANAGEMENT EXPLICIT FOCUS:NEW MANAGEMENT EXPLICIT FOCUS: 
• Biodiversity, 
• HeterogeneityHeterogeneity, 
• Dynamic systems
• Multiple space and time scaleMultiple space and time scale


E t l•Ecosystems are complex –
•the challenge of complexity & working in 
complex sociological ecosystemscomplex sociological ecosystems


• Kruger’s desired state –
Wh t i it?•What is it?


•how it is derived 







Noss, 1990, Conservation Biology







Complicated system:
P di t th t ?Predict the outcome?
How you get there?
How it works?


KNOWABLE


Complex system:Complex system:
Predict the 
outcome?
What it looks like?What it looks like?
How you get there?


UNCERTAINTYUNCERTAINTY







(Cadenasso, Pickett, Groves 2006)







Biodiversity Values for SANParks           


We adopt a complex systems view of the world while striving to 
ensure the  natural functioning and long term persistence of the ensure the  natural functioning and long term persistence of the 
ecosystems under our care. 


We aim at persistent achievement of biodiversity representivityWe aim at persistent achievement of biodiversity representivity
and complementarity to promote resilience and ensure 
ecosystem integrity.


We can intervene in ecosystems responsibly and sustainably, 
but we focus management on complementing natural processes


d   "  f " h l hunder a "minimum interference" philosophy.


We accept with humility the mandate of custodianship of p y p
biodiversity for future generations while recognising that both 
natural and social systems change over time. 







How do we do this?
KNP Mission


Biodiversity 
Objectives


To maintain biodiversity in 
all its natural facets and


Balancing Objectives
(= sustainable utilisation if defined broadly and 
holistically, e.g. Child)


To develop a thorough understanding of


People 
Objectives


To provide human 
benefits and build a


Enabling Objectives
To provide cross-cutting support 
services which enable KNP to 


achieve the line function biodiversity all its natural facets and 
fluxes.


To develop a thorough understanding of 
the integrated socio-ecological system 
(SES), especially in the regional context, 
for maintenance of a resilient SES and to 
balance human activities and 
development inside and around the KNP 


Ecosystem           
Objective


Legal 
and


benefits and build a 
strong constituency, 
preserving as far as 


possible the wilderness 
qualities and cultural 
resources associated


y
and people objectives, and balance 


these effectively.
NB : must be cross-linked to and is 


subject to growth depending on further 
demands from the other threep


with the need to conserve ecosystem 
integrity and wilderness qualities by 
agreeing on a desired1 set of future 
conditions, and by developing an 
adequate suite of principles and tools. 


Objective and 
Statutory


resources associated 
with the KNP.


s


demands from the other three 
objectives.


nt1These are (a) necessarily environmentally 
fluctuating and (b) realistic but aspirational 
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2000 Flood Sabie River 1:100Dynamic ecosystem:


SANHU 2000







Railway bridge is 17m above the 
channel and the channel is 300 m widechannel and the channel is 300 m wide


SANHU 2000







SANHU 2000







200


155 Abundant rain


150


125 Drought


Below average


Above average
Average (542 mm; n = 100 years)
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Activities and 
divisions of 


KNPKNP
fRequirements for managing 


a large protected area







•22 ranger posts


•Each manage ~100 000 haEach manage 100 000 ha


•Each have 12 field rangers


• ~ 8-10 assistants


Area integrity











Aerial census:
El h tElephant, 
Rhino, 
BuffaloBuffalo,
Other spp.


Population numberPopulation number
Herd size & 
StructureStructure
Disease 
Drought
High rainfall years
Rare species







Vegetation 
it i gmonitoring


 500 it~ 500 sites
• Range conditiong
• biomass
• grass species 


compositionp


• Grass / forb ratio 







THE ROLE OF FIRE IN SAVANNASTHE ROLE OF FIRE IN SAVANNAS







THE ROLETHE ROLETHE ROLE THE ROLE 
INTENSITY, INTENSITY, 
FREQUENCYFREQUENCYFREQUENCY, FREQUENCY, 


SEASONALITYSEASONALITY







THE ROLE OF THE ROLE OF 
FIRE INFIRE INFIRE IN FIRE IN 


SAVANNASSAVANNAS


50 yr old experimental fire plots50 yr old experimental fire plots







PATCH MOSAICPATCH MOSAIC 
BURNING POLICY


Navashni Govender















Fixed point photography











Biodiversity sensitivity 
analysis Wilderness (Mac Fadyen 2009)
analysis







Artificial Water ProvisioningArtificial Water Provisioning







20 – 25 year exclosuresy


effect of differenteffect of different 
combinations of fire, 
elephants and otherelephants and other 
herbivores on the 
vegetationvegetation







C t


Catena


Crest


Sodic site


Riparian


Flood plain


Riparian







Elephantsp







Exclosure:Exclosure: 
Elephant & fire















250 crocodile deaths
Why?Why?
Complex system, no clear answers







Herbarium & 
specimen collection











A financialA financial 
imperative..!p


Lower Sabie tourist camp


Olifants tourist camp







R3500- R7000 p/p/n
EUR350-700 p/p/np p







ECO TRAILS & TENT SAFARIS







ECO TRAILS & TENT SAFARIS







WILDERNESSWILDERNESS 
TRAILSTRAILS











Some problemsSome problems…







DIRECTDIRECTDIRECT DIRECT 
NEIGHBOURSNEIGHBOURSKruger


AgricultureAgriculture


Kruger


High density 
‘rural’ areasrural  areas







Dams in the parkp







Reversing old management decisionsReversing old management decisions







Large impoundments up 
river from Kruger......







Results in low flows
or rivers drying completely







Industrial pollution: 
•western boundary
•Olifants river catchmentOlifants river catchment







Increased nutrient runoff- agriculture
•Eutrophication p
•Algal blooms











Summary – managing a large protected areaSummary – managing a large protected area


Hi t i l t t• Historical context
• Acknowledging complexity as ecosystem g g p y y


property
• Balance tourism and conservation• Balance tourism and conservation
• Protected area integrity (rangers)g y g
• Understanding the system (scientists)


I t ti  th h  d t di• Integration through common understanding
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HABITATS AND ANIMALS OF  
KRUGER NATIONAL PARKKRUGER NATIONAL PARK


Llewellyn FoxcroftLlewellyn Foxcroft


South African National Parks


DST-NRF Centre for Invasion Biology, 
Stellenbosch University







Kruger National Parkg
South Africa’s Premier National Park 


Entrusted with the protection of:


50 fish; 


505 bird; 


35 amphibian; 35 amphibian; 


119 reptiles; 


1990 plants; 


148 mammals and; 


thousands of invertebrate species (Mabunda et al. 2003)







WHAT MAKES A HABITAT A HOME?WHAT MAKES A HABITAT A HOME?


The Earth has many different environments, varying in:


temperaturetemperature,


moisture,


li htlight,


elevation,


geology,


soil,soil,


and many other factors......







DIMENSIONS OF HABITAT DIMENSIONS OF HABITAT 


1. Heterogeneity & patchiness of landscape
(horizontal layer)(horizontal layer)


2. Structure of habitat (vertical layer)


3. Temporal scales of change :
– small scale fast turn-oversmall scale fast turn over


– large scale slow turnover







SIMPLISTIC VIEWSIMPLISTIC VIEW







SAME SCENARIO- COMPLEX, MULTIPLE INTERACTIONS







ABIOTIC TEMPLATEABIOTIC TEMPLATE


• Abiotic stew > mixed together in different ways 
across the planet = the template for life on earth. 


• Each species requires own mix of these 
ingredients to surviveingredients to survive


• > cannot survive in isolation.


• E ch h bit t h  di ti ct life f  li i g i  it  • Each habitat has distinct life forms living in it, 
forming complex communities of inter-
dependent o ganisms  dependent organisms. 







HABITATS OF KRUGERHABITATS OF KRUGER


• Savanna biome (Low & Rebelo 1996)


• 20 board-scale vegetation types (Mucina & Rutherford 2006)• 20 board scale vegetation types (Mucina & Rutherford 2006)


• 35 landscapes (Gertenbach 1983) or


• 56 landtypes (Venter 1990)


• Each with their own distinct set of life forms!• Each with their own distinct set of life forms!







• Kruger


• Geology• Geology


• Soil


• Topography
RainfallRainfall


Temperature


Vegetation







INTERESTINGLY:


Basic underlying 
geology (Basalt / 
Granite division) can )
be seen from space:


BASALT
GRANITE


From MODIS 
t llit  l k  lik  GRANITEsatellite looks like 


fence line







Underlying rock types determine y g yp
the nature of the soil:


• Younger surface of dark brown loams (nutrient rich) derived from the 
basalts. Form Knob Thorn / Marula Savannah and Tree Mopane p
Savannah  (Acacia spp. / Sclerocarya sp. & Colophospermum sp.) 


Old  d f  h   d  il  (l h d t i t ) • Older exposed surfaces have more sandy soils (leached nutrient poor) 
derived from granite. Yield woodlands dominated by the Combretum
species of leadwood and the bushwillows. 


impacts the species of game that inhabit each of the Kruger National 
Park's ecozones  from the browsers and grazers that prefer each habitat Park s ecozones, from the browsers and grazers that prefer each habitat 
to the carnivores that prey on them.







SPECIES NICHESPECIES NICHE


How species perceive the
environment;


at their scale;


relative to their needs


> Determines behaviour







mycorrhizae


N t d 


mycorrhizae


Nested 
hierarchical 


termites


hierarchical 
patches Smallp Small 


mammals


Mega-
herbivores


Kotliar & Wiens (1990)







DIFFERENCE OF SCALEDIFFERENCE OF SCALE
Elephant Elephant Shrew


VS.







Van Wilgen, Govender & Mac Fadyen 
(2008)







Ecosystem engineersEcosystem engineers


Termites 
•Contribute to grassland productivity
•enhance plant and animal activity at the local level 
•while their even distribution over a larger area 
maximizes ecosystem-wide productivity







FEEDBACK LOOPS


l  f fi  l h t    h i  h bit t


Animals creating their own habitat


role of fire, elephants, grazers on changing habitat







LANDSCAPES OF 
KRUGER


Classified into 35 landscapes of similar: 


geomorphology, 


climate, 


soil, 


vegetation patterns and,


associated fauna (Gertenbach 1983)


Represent the basic functional units on
hi h t d i iwhich management decisions are


based







LANDTYPES OF 
KRUGER


L d  l ifi ti  l t  fi d i t  56 Landscapes classification later refined into 56 
landtypes on the basis of similar:


geomorphologygeomorphology,


climate,


geologygeology,
soil and,


egetation patternsvegetation patterns


U d f  t d h l i  Used for management and research planning 
in different ways (Venter 1990) 







Natural water distribution
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Riparian     
zonezone
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Pans Pans
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Terrain units
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Crest


Upperslope


Midslope


Footslope


Plains and plateau







ECOZONES
Generalized from Landscapes for tourism


35 Landscapes 16 unique Ecozones.


Altitudinal range is from 200m to 830m above sea level.


Rainfall increases with proximity to the Great Escarpment
averages from 300 mm/yr in the east to 900mm/yr in the
south & west.


Climatic variations range of habitats species diversity.


Park area has very high levels of biodiversity andPark area has very high levels of biodiversity and
endemic (uniquely local) species as a consequence.







A - Mixed Bushwillow Woodlands
B - Pretoriuskop Sourveld


ECOZONES
15p


C - Malelane Mountain Bushveld
D - Sabie Crocodile Thorn Thickets
E Th  V ldE - Thorn Veld
F - Knob Thorn / Marula Savannah
G - Delagoa Thorn ThicketsG Delagoa Thorn Thickets
H - Riverine Communities
I - Lebombo Mountain Bushveld
J - Olifants Rugged Veld
K - Stunted Knob Thorn Savannah
L - Mopane ScrubveldL - Mopane Scrubveld
M - Alluvial Plains
N - Sandveld
O - Tree Mopane Savannah
P - Mopane / Bushwillow Woodlands







Pretoriuskop
SourveldSourveld







Pretoriuskop Gently sloping hills & valleys;


D  t  h b  d t ll 
Sourveld


Dense trees, shrubs and tall grass;


Historically the area did not have many trees 
before European settlement & agriculture;  before European settlement & agriculture;  


Scattered with granite hillsAssociated 
animals:


Giraffe,
Kudu,
ImpalaImpala,
Duiker,


Wild dogWild dog,
Lion,
Jackal


Rhino
Sable







Malelane 
Mountain Mountain 
Bushveld







Malelane 
Mountain 


Malelane Mountain Bushveld found on underlying Granite bedrock 


Mountain 
Bushveld


Associated 
animals:


Kudu,
Impala,


Wild dog,
Hyaena


Rhino
Sable
Reedbuck







Lebombo
Mountain 
Bushveld







Lebombo 
Mountain 


Rugged Lebombo mountains range over the
h l l th f th K N ti l P kMountain 


Bushveld
whole length of the Kruger National Park.


Many rocky outcrops & deep ravines are a result
of the underlying Rhyolite bedrock which isof the underlying Rhyolite bedrock which is
resistant to weathering


Species:
Giraffe,
Kudu,,
Impala


BuffaloBuffalo,
Waterbuck,
Zebra,


Lion







Mopane 
S b ldScrubveld







Mopane Very flat with very few drainage lines;


T i ll  h   f d   
Scrubveld


Typically has areas of dense mopane 
shrub and sparse grass cover 


Elephant
Steenbok


Buffalo, Zebra, 
Wildebeest


Eland, Roan, 
Sable, Ostrich


Cheetah, Lion, 
Jackal







Habitat changes over time:
F h•Fish


•Invertebrates
•Birds


Sabie River







Rapidsp







Overhanging 
t tivegetation







River Runs







THREATS TO HABITATS IN 
PROTECTED AREAS


R   (ill l t ft )• Resource use (illegal most often)


• Invasive Alien Speciesp


• Global Environmental –
l  – climate 


– Carbon, nitrogen


– changed – linked to 


• Fragmentation around PAs and no • Fragmentation around PAs and no 
corridors







Summary – habitat creation & 
species requirements


Abi ti  t l t  l  il  t• Abiotic template – geology, soils, etc


• Climate


• Vegetation patterns – patches and 
t ct estructure


• Multiple feedback mechanisms –
elephants, fire, termites, grazers, etc


• Fluctuates across landscape depending on • Fluctuates across landscape depending on 
the outcome of all interactions







TO END OFFTO END OFF


"A society is defined not only by what it 
creates, but by what it refuses to destroy“ creates, but by what it refuses to destroy  


John SawhillJohn Sawhill


former president/CEO of The Nature Conservancy


NOT FOR FURTHER DISTRIBUTION – LECTURE MATERIAL ONLY







AcknowledgementsAcknowledgements


• Dr Andrew Deacon – Photographs


• Charles University- Mobility GrantCharles University Mobility Grant


NOT FOR FURTHER DISTRIBUTION – LECTURE MATERIAL ONLYNO O U S U ON C U ON








NOT FOR FURTHER DISTRIBUTION – LECTURE MATERIAL ONLY


Ecology of southern AfricanEcology of southern African 
savanna ecosystems


Llewellyn C Foxcroft
Kruger National Park


South African National Parks
&&


DST-NRF Centre for Invasion Biology
Stellenbosch University







Savanna Systems S v Sys e s


• What are they?• What are they?
• Where?
• How do they work?


– Tree-grass interactionsTree-grass interactions
• Why do savannas fluctuate between grassland and 


woodland?woodland?


– Key drivers in changing & maintaining 
savannassavannas







East Africa
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SAVANNA
A wealth of knowledge – for example 16 books (1983 – 2008);A wealth of knowledge for example 16 books (1983 2008); 


"tropical savanna" OR "subtropical savanna“  8130 hits
1. Bourlière F (ed) (1983) Ecosystems of the world 13. Tropical savannas. Elsevier, Amsterdam
2 C WP S h it SA ( d ) (2008) T i l F t C it E l Wil Bl k ll Chi h t UK2. Carson WP, Schnitzer SA (eds)  (2008) Tropical Forest Community Ecology. Wiley-Blackwell, Chichester, UK,
3. Coe M, McWilliams N, Stone G, Packer M (eds) (1999) Mkomazi: the ecology, biodiversity and conservation of a Tanzanian savanna. 


Royal Geographical Society, London, UK
4. Cole MM (1986) The savannas. Biogeography and geobotany. Academic Press, Harcourt, Brace Javanovich Publishers, London
5. Cowling RM, Richardson DM, Pierce SM (eds) Vegetation of Southern Africa. Cambridge University Press, Cambridge
6. du Toit JT, Rogers KH, Biggs HC (eds) (2003) The Kruger experience, ecology and management of savanna heterogeneity. Island 


Press, Washington, D.C., USA
7. Huntley BJ, Walker BH (eds) (1982) Ecology of tropical savannas. Ecological studies 42, Springer-Verlag, Berlin
8. Owen-Smith N (1988) Megaherbivores. The influence of very large body size on ecology. Cambridge University Press, Cambridge, 


UK
9. Pennington RT, Lewis GP, Ratter JA (eds) (2006) Neotropical savannas and seasonally dry forests – plant diversity, biogeography, and 


conservation. CRC Press, Boca Raton, FL, USA
10. Scholes RJ, Walker BH (1993) An African savanna: synthesis of the Nylsvley study. Cambridge University Press, Cambridge, UK
11. Shorrocks B (2007) The biology of African savannas. Oxford University Press, Oxford, UK
12 Sinclair ARE Arcese P (eds) (1995) Serengeti II: dynamics management and conservation of an ecosystem University of Chicago12. Sinclair ARE, Arcese P (eds) (1995) Serengeti II: dynamics, management and conservation of an ecosystem. University of Chicago 


Press, Chicago
13. Sinclair ARE, Norton-Griffiths M (eds) (1979) Serengeti: dynamics of an ecosystem. University of Chicago Press, Chicago
14. Sinclair ARE, Packer C, Muduma SAR, Fryxell JM (eds) (2008) Serengeti III: Human impacts on ecosystem dynamics. University of 


Chicago Press, Chicago
lb i di il ( d ) ( ) i di i d l i l di i l15. Solbrig OT, Medina E, Silva JF (eds) (1996) Biodiversity and savanna ecosystem processes. Ecological Studies 121, Springer-Verlag, 


Berlin
16. Werner PA (ed) (1991) Savanna ecology and management: Australian perspectives and intercontinental comparisons. Blackwell, 


Melbourne







D fi iti


T i l i d i d b


Definition:


Tropical vegetation type co-dominated by a 
largely continuous layer of grasses (<2m) 
and a discontinuous woody tree layer.


– Characterized by: 
h d d• hot wet season and warm dry season; 


• usually high fire frequency; 
• high habitat heterogeneity (at small & large scales)











Levick & Rogers (2008)







Importance of savannaImportance of savanna
• Many millions of people depend on savanna to sustain• Many millions of people depend on savanna to sustain 


livelihoods 
– fuel wood harvest, livestock grazing, small to largefuel wood harvest, livestock grazing, small to large 


scale agriculture 











Importance of savannaImportance of savanna
• > savannas subjected range of anthropogenic influences• > savannas subjected range of anthropogenic influences 


and impacts/disturbances. 
• > know these impacts have been happening for millennia know these impacts have been happening for millennia
• > thus humans will have had an important co- role to 


shaping savannas.p g







• Regular natural disturbances:• Regular natural disturbances: 
– vary from regular low intensity
– to large infrequent disturbance (LID)to large infrequent disturbance (LID) 


• floods, fires, droughts, mega-herbivores, high numbers of large 
herbivores. 


• Highly resilient to disturbance 
– have the ability to recover to a former condition following 


perturbation 
‘Magnitude of disturbance that can be absorbed before the system– ‘Magnitude of disturbance that can be absorbed before the system 
changes its structure by changing the variables and processes that 
control behavior’    (Holling and Gunderson, 2002)







Globally 2nd Largest biome = 15 x 106 km2


50% Africa 10% India 
& SE Asia


45% S 
America


⅛ global land surface


30% 
Australia


⅛ global land surface







~26 °C
400-1300mm







(A)( )


Grass & shrubGrass & shrub


Tree & shrub


Woodland


Forest-Savanna 
mosaic Shorrocks 2007 







Mesic (moist) 
savanna


Arid savanna
savanna







Southern African savanna


• Moist savanna systems: ~ 600 - 1500 mm rainfall / annum, 
eastern parts of southern Africaeastern parts of southern Africa
– Nutrient poor, broadleaved (mesophyllous)


• Relatively arid regions: ~ 400 - 800 mm rainfall / annum, 
western parts of southern Africap
• Nutrient rich, fine leaved (nanophyllous) savanna 


(Scholes 1997)







Basis of savanna systems:Basis of savanna systems: 
• origin age nature and dynamics of• origin, age, nature and dynamics of 


savannas not easy to understand-
– many approaches and models to unraveling the 


roles and importance of the many drivers. 
• temporal changes –


variations in extent and distribution of savannas– variations in extent and distribution of savannas 
from glacial to interglacial cycles, through to 
short term cycles in the last few hundred yearsshort term cycles in the last few hundred years







10000 yrs


1000 yrs


Temporal 
scale 10 years


100 yrs
Severe droughts 
& floods


humans
scale


1 month


1 year


Termites A i l


& floods


1 day


Termites Animal 
migrations


Spatial scale


1 second
1 mµ 1 mm 1 m 1 km 1000 km 10 000 km


Spatial scale







Drivers of savannas & savanna change?
•is pattern of vegetation (heterogeneity) a consequence of large 
mammals?mammals?
•is the large mammal biomass controlled by abiotic template of 
water and nutrients?water and nutrients?


No: coupled system- cannot be described by top-down or bottom-up 
controllers.
•Multiple feedback loops


•Spatial patterns, abundance of tree – grass product of: 
unpredictableinteractions of: climate, geomorphology, topography, p , g p gy, p g p y,
soils (fertility, moisture, catena position), herbivory, fire (frequency 
& intensity), carnivores, mega-herbivores, large herbivores







A proliferation ofp
models of tree – grass interactions:


• Walker Noy-Meir model
• Walther hypothesis (minimum savanna 


model & advancedmodel & advanced
• generalized fire – grass – animal 







Soil and rainfall conditions giving rise to savannaSoil and rainfall conditions giving rise to savanna 
vegetation


Sand


Soil textureSoil texture


Rainfall


WoodlandRainfallGrasslandClay


Rainfall


Walker & Noy-Meir (1982) Ecology of 
tropical savannas.







Woody


Niche separation by:
Grass


Upper soil layers;


-water availability
-rooting depth


Upper soil layers; 
short wet period


Lower soil layers; 
Long wet period


Minimum model for savanna:Minimum model for savanna: 
tree – grass co-existence Walker & Noy-Meir (1982) Ecology of tropical savannas.


Based on the Walter hypothesis (Walther 1971)







B H


Multiple interactions
& feedback mechanisms


-adding browsers &
GrazersBrowsers


Ws Wt


adding browsers & 
grazers


S il f


GuGo


Soil surface


Top water layer


Subsoil water layer


Sparse treeDense 


Extended savanna model: 
Ws,t= woody trees & shrubs


Sparse tree
shrubs


Ws,t  woody trees & shrubs
Go,u= Grass under trees & in open
B,H=Browsers & grazers
T,S= Top- & sub-soil water


Walker & Noy-Meir (1982) Ecology of 
tropical savannas.











Fire as the driver: FireFire as the driver: Fire-
Induced Tree-Grass
Coexistence


D’Odorico, Laio, Ridolfi (2006) American Naturalist







(Govender et al 2006)


Predict fire 
with 3 variables


• Animal impactAnimal impact 
on biomass?
• Rainfall impact 
on animalon animal 
numbers?
• etc..


Effect of time since the last fire
Mean annual rainfall in the preceding 2 years
Grass fuels loads







Holdo, Holt, Fryxell (2009) Ecol App.







Role of carnivores? 
• lions, hyaena; leopard, wild dog, cheetah, & others 


l f lless of a role:
– > Lions and herbivores could in principle influence herbivore number & 


distribution 
– > vegetation structure and ecosystem properties (> biomass > fire> soil 


feedbacks). 


• BUT, 
– Although probably a role at smaller scales
– No evidence for this at large scale


• Variance in herbivores controlled largely by rainfall >• Variance in herbivores controlled largely by rainfall > 
grass productivity







Control by mega herbivoresControl by mega-herbivores 
• Mega herbivores: >1000km;• Mega-herbivores: >1000km;


♂ Elephant ~ 7500kg, white rhino 2150kg, hippo 2000kg, giraffe 
1300kg, black rhino 1300kg)g, g)


• Elephants can change vegetation structure (ecosystem engineers / 
keystone species)
Whit hi t ib t t i t i i i h t• White rhino grazers- contribute to maintaining areas in short grass 
state- grazing lawns


• Hippos forage mainly within 2km of permanent water, but will travel pp g y p
up to 20km / night – high grazing impact along river – upland 
boundary


• Giraffe feeding up to level ~ 6m impact structure of vegetation and• Giraffe feeding up to level ~ 6m - impact structure of vegetation and 
can impact flowing and seeding of trees & impact seed production







http://www.youtube.com/watch?v=oPdn-jK-MqM







Threats to savannas (Millennium Ecosystem Assessment)


High & 
moderately 


Moderate & 
rapid increase


Low & rapid 
increase


High & 
continuing Moderate & 


id iincreasing
p increase g


impact rapid increase







Major factors driving land use & land 
hcover change


Scholes & Breeman (1997)







Savanna land use change


Kruger uge
National 
Park







Typical invasive species from three savanna regions


N t i (S th A i ) K N ti l P kNeotropics (South America) Kruger National Park


Melinis minutifolia
(Poaceae; molasses grass)


Opuntia stricta
(Cactaceae; sour prickly pear)(Poaceae; molasses grass)


Photo M Carlos


(Cactaceae; sour prickly pear)
Photo LC Foxcroft







arid savanna in South Africa Queen Elizabeth National Park, 
UgandaUganda


E hi i hiEchinopsis spachiana
(Cactaceae; torch cactus) 
invading Opuntia monocantha


( d i i kl )invading. 


Photo DM Richardson. 


(Cactaceae; drooping prickly pear). 
Photo M. Rejmánek.







northern Australian savannas Cairns, Australia


A d Th d d i l iAndropogon gayanus
(Poaceae; Gamba grass)


Themeda quadrivalvis
(Poaceae; Giant Cangaroo
Grass)


Photo S Setterfield. 
Grass)


Photo M. Rejmánek.







central savannas ofcentral savannas of 
Venezuela


Hyparrhenia rufa (Poaceae; thatching grass)ypa henia ufa ( o ce e; c g g ss)
Photo Z. Baruch
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Invasive Alien Plants in South AfricaInvasive Alien Plants in South Africa
Problems & Unique Solutions
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Why is SA an interesting case study for 
studying alien plant invasions?studying alien plant invasions? 


Relatively large country (1.2 million Km²) 


~ 1400 km







Heterogeneous landscapes & biomes







High rainfall gradientHigh rainfall gradient







SUMMER
M t f th t h d il > 26 D CMost of the country has mean daily max > 26 Deg C


ThisThis 
week in 
SkukuzaSkukuza
(home)


37°C
38°C
37°C37 C
40°C







WINTER
mean daily minimum < 6 Deg Cy g







Moist savannaMajor terrestrial biomes


Desert


Grassland


Arid savanna


Grassland


Indian Ocean 
coastal belt


Nama-KarooSucculent 
Karoo


South Africa, Lesotho andFynbos South Africa, Lesotho and 
Swaziland


(Mucina & Rutherford 2006)
Albany thicket







Large number invasiveLarge number invasive 
species p







KEY STATISTICS [ l t ]KEY STATISTICS [plants]:


Introduced into South Africa:
• 750 tree species
• 8000 herbaceous species p


• 1 000 species naturalised 
• ~200 invasive200 invasive


Of the 200:
• 84 species introduced from South and Central America• 84 species introduced from South and Central America
• 14 from North America
• 30 from Australia


29 f E• 29 from Europe
• 36 from Asia


•45% of species from Australia have become important pests 







All invasive species in SA


Group # introduced #invasive Major pathwaysGroup # introduced #invasive     Major pathways


Mammals      no estimates 6 Deliberate introductions for
agriculture & pet trade; 


id lsome accidental
Birds      no estimates 6 Deliberate introductions for


agriculture & pet trade; 
id t lsome accidental


Reptiles &        280                         1              Pet trade; some accidental  
Amphibians     


Freshwater     >60 fish & 58 recreational fishing; inter-
invertebrates basin water transfer; 


aquacultureaquaculture
23 aquatic plants   13; 5 serious    Ornamental


problems


Van Wilgen & Richardson (2010)







Large area of SA invaded !!g







South African Plant Invaders Atlas
• Distribution, abundance & habitat types 
• Commenced in 1979  completed in 1993 
• Contains almost 60 000 locality recordsContains almost 60 000 locality records 
• Approximately 600 naturalized alien plant species


IAP species / quarter-
degree square


Henderson (2007)







1998 estimate: 10 million ha (8% of 
country) (Versfeld et al 1998)country) (Versfeld et al. 1998)


2010 survey: 20 million ha (Kotzé, Beukes, van 
den Berg & Newby 2010)den Berg & Newby 2010)


Kotzé, Beukes, van den 
Berg & Newby (2010)







Lesotho


Swaziland


Agulhas
plains







South Africa:South Africa:


• Relatively good scientific y g
understanding of plant invasions


R l i i i i SCOPE• Role in invasion sciences: SCOPE 
programme 1980s (Macdonald et al 1986, Drake et al 
1989)


• History of management efforts


• SA microcosm of world- ratio of rich to 
poor about same as world average (not 
common in one country)- accentuates 
the need for equitable solutions







Opuntia 
t i tstricta


Chromolaena odorataChromolaena odorata


Henderson (2007)







i ti t


hakeahakea


pine treespine trees


eucalypts  and  acaciaseucalypts  and  acacias


Fynbos globally recognised centre of endemismFynbos globally recognised centre of endemismFynbos- globally recognised centre of  endemismFynbos- globally recognised centre of  endemism







A mixture of aliens...
:


hakeashakeas


By
eucalyptseucalyptseucalyptseucalypts


pine treespine treespine treespine trees


acaciasacacias







eucalyptseucalypts


acaciasacacias







Sesbania puniceaSesbania puniceaSesbania puniceaSesbania punicea







ImpactsImpacts


Bi i• Biggest impact:
Loss of water run-off


N t ll IAP l i ti t ti t th i d d• Not all IAPs replacing native vegetation use more water than invaded 
vegetation 


• But, trees use more water than grasslands & shrublands (large portion , g ( g p
SA biomes (very little indigenous forest) 


• Seasonally dormant vegetation replaced by evergreen trees
C t ti t 10 illi h 3 3 billi ² t i f• Current estimate 10 million ha use 3.3 billion m² water in excess of 
what natural vegetation would (~7% SA water runoff )







Concerns about water use and drought (1920s)
Establishment of catchment experiments atEstablishment of catchment experiments at 
Jonkershoek, Cathedral Peak and Sabie 
(1936 – 1960s).(1936 1960s).


B W van Wilgen







Impacts of pine plantations –p p p
surface water runoff


Afforestation reduces surface 
t ffwater runoff


- 82% reduction in stream 
flow 20 years after 
afforestation of grassland 
with Pinus patulap


- 55% reduction in stream 
flow 23 years afterflow 23 years after 
afforestation of fynbos with 
Pinus radiata


BW van Wilgen







Biodiversityy
• Impacts poorly understood 
• Most studies small scales and most in fynbos (Mediterranean type ecosystem). 
• Plant related studies have indicated:Plant related studies have indicated: 


• reduced abundance and diversity of plants
• increased biomass
• change in litter fall
• nutrient cycling 


• Ants: 
• Change in composition of  communities
• domination by single species
• change seed dispersal
• seeds not stored underground - protects from fire & loss in germination


• Beetles:• Beetles:
• Prosopis change beetle numbers (especially large and rare species)


• Birds:
• changes in bird habitat• changes in bird habitat
• loss of frugivoes and insectivores 


• Crocodiles:
• Chrololaena odorata in riparian and wetlands leads to altered crocodile sex ratios due to p


reduced soil temperatures







Changes fire Invasion of grassland by tall trees  g
regime


g y
increases amount of fuel that can burn 
significantly


•From: Fuel loads of grass and shrubs 
0.3 – 4 tonnes / ha


•To: Invaded trees increase by 10-25 
tonnes


•Ecosystems in SA resilient to fire 
(evolved with fire) and regular burning


• But increase fuel loads, increased 
intensity = range of negative effectsy g g


•Physical damage to soil = erosion
E.g. 6 tonnes / ha in Pinus vs 0.1E.g. 6 tonnes / ha in Pinus vs 0.1 


tonnes /  ha in fynbos.







Human healthHuman health
• Very little known in SAy
• Parthenium hysterophorus


– dermatitis, 
– toxic to animals– toxic to animals, 
– crop loss due to allelopathy
– direct competition


L t• Lantana 
– photosensitivity in cattle







Impacts freshwater related faunap
• 30 IUCN listed fish in SA > 16 have IAS listed primary threat
• 3 more have IAS as secondary threat• 3 more have IAS as secondary threat
• alien fish almost outnumber indigenous fish


• Alien trees lead to local extinction of shade intolerant dragonflies and 
damselflies 


• Removal of alien trees led recovery of species thought extinct. y p g


Oreochromis niloticus invading 
Limpopo river – hybridises with 
indigenous O mosambicensesindigenous O. mosambicenses







AgricultureAgriculture


Grazing resources:Grazing resources: 


• Reduced access or replacement of palatable grazing• Reduced access, or replacement of palatable grazing
• Injure – tongues, mouth & feet.
• May become lame sores & abscesses as barbed• May become lame - sores & abscesses as barbed 


spines adhere to different parts of their bodies
• Jointed cactus (Opuntia aurantiaca) = 1 9 million ha• Jointed cactus (Opuntia aurantiaca) = 1.9 million ha
• estimate impact to ~R280 /ha /year (CZK630)
• = loss ~R520 million / year grazing potential• = loss ~R520 million / year grazing potential







Future impacts??p


C t t d b t ti ll i it ti
?


• Current trends - substantially worsening situation
• Many species only established now – many still might become invasive
• Long lag phase - difficult to predict which species & wheng g p p p
• Modeling potential water loss- current estimated loss of water runoff (7%) 


& 56 IAPs
if they were to reach their full potential reductions could be up to 8if they were to reach their full potential, reductions could be up to 8 
times higher. 


• Current reductions in grazing of 1% could increase to 71%


• Accepting model errors & assumptions > significant & potentially 
massive impacts


• Therefore: already large area, large impacts;y g , g p ;
relatively low compared to potential







Potential for spread:
Pinus elliottii







Modeling potential distribution
Cylindropuntia imbricata
(i b i t i kl )


Opuntia stricta
(Australian pest pear)


(imbricate prickly pear)


Rouget et al (2004)







Early control effortsEarly control efforts
P t M O (1888) d R d l h M l th (1908) IAP ill l• Peter MacOwen (1888) and Rudolph Marloth (1908) – concerns IAPs will replace 
indigenous vegetation


• Wicht (1945) ‘one of the greatest, if not the greatest, threats to which the Cape 
vegetation is exposed is suppression through the spread of vigorous exoticvegetation is exposed, is suppression through the spread of vigorous exotic 
plant species’.


• Control in 1st half 20 century erratic and uncoordinated > little  to no effect
• Some efforts later better documented still lacked ecological understanding of IAPs &Some efforts later better documented, still lacked ecological understanding of IAPs &  


lack of follow-up > wasted efforts and money.
– E.g. Macdonald (1989) showed that of the first 47 years efforts on Cape 


Peninsular ‘almost totally ineffective for the first 35 years.
• Biological control also started at early stage; met with good success


– 1913 Cactoblastis cactorum released on Opuntia moncantha
– 1936 1913 Cactoblastis cactorum released on O. ficus-indica


• Not well organized until 1970s, resulted in 22 agents released in 70s, 30 in 1980s, 33 
in 1990s.







Opuntia ficus-indica – Eastern Cape ProvinceOpuntia ficus indica Eastern Cape Province







Descriptions by Pettey (1948)







Descriptions by Dodd (1940)







Cactblastis cactorum


Dactylopius opuntiae







Opuntia stricta



















seed-feederSesbania 
ipunicea


Bud feeder


99.7% reduction in seed set







Acacia longifolia
Gall waspGall wasp







Australian Pest Plant


Australian Pest 
Animal


N Z l dNew Zealand 
Biosecurity


International concern at 
li d t t l l !! USApolicy and strategy level..!!







Globally - increase of awareness and concern







Massive growth in science field 







Awareness







Setting the scene for a national 
clearing programmeclearing programme


1994: The New South Africa- rainbow nation99 e e Sout ca a bo at o


• Democratic government-
• changes brought to many aspects of country; 
• new found optimism; 
• willing and eager to find new activities and approaches right• willing and eager to find new activities and approaches- right    
opportunity, right time.


Ecologists argued to government:
1) IAPs large and growing threat, 
2) specific threat to water resources- Urgent 
attention
3) Can use as tool to provide jobs







Innovative solutions!o at e so ut o s


Working for WaterWorking for Water


South Africa's Flagship Invasive Alien 
Plant control programmePlant control programme.







N ti l i tNational, inter-
departmental programme -
Initiated 1995.


Goals:
1) Conserving essential ) g


ecosystem resources
2) provide employment for 


rural poorrural poor 
(~20,000 – 30,000)







Slashing/hacking and 
herbicide applications
Slashing/hacking and 
herbicide applications


Chainsaw Chainsaw 
herbicide applicationsherbicide applications operationsoperations


Working for Water ProgrammeWorking for Water Programme


Mountain teams Mountain teams 


g gg g


Helicopter teamsHelicopter teams







National scale: 
• Acacia mearnsii, A. dealbata, other Acacia spp. > 1.6 million ha


E cal pt s spp 1 4 million ha• Eucalyptus spp. 1.4 million ha
• Pinus spp. & Poplar spp. > 500 000 ha







National scale: 
• Acacia mearnsii, A. dealbata, other Acacia spp. > 1.6 million ha


E cal pt s spp 1 4 million ha• Eucalyptus spp. 1.4 million ha
• Pinus spp. & Poplar spp. > 500 000 ha


Prosopus spp.


350 000 ha







National scale: 
• Acacia mearnsii, A. dealbata, other Acacia spp. > 1.6 million ha


E cal pt s spp 1 4 million ha• Eucalyptus spp. 1.4 million ha
• Pinus spp. & Poplar spp. > 500 000 ha


550 000 ha


Chromolaena odorata
Acacia spp.pp







National scale: 
• Acacia mearnsii, A. dealbata, other Acacia spp. > 1.6 million ha


E cal pt s spp 1 4 million ha• Eucalyptus spp. 1.4 million ha
• Pinus spp. & Poplar spp. > 500 000 ha


Prosopus spp.


550 000 ha


Acacia spp.







150 000 ha150 000 ha


Poplar spp.







Future?Future?
Research into Biological Invasions set to increase     


significantly boosted by the DST-NRF Centre of       
Excellence for Invasion Biology


Increasing biological control capacity


Private landowner agreements


Risk assessment on imported species 


Prevention harbours; airports; other ?Prevention – harbours; airports; other ?


OPTIMISMOPTIMISM







Systematic, 


AbundanceAbundance Effect


strategic 
planning


AbundanceAbundance Effect


Range Disturbance


Terrestrial
Agriculture


Systematic prioritisation 
composite


Terrestrial 
biodiversity


River 
biodiversity


Water







Working for WaterWorking for Water


Aim to maintain & grow budget


Started:
• 1995/6 financial year R25 million (EUR 2.5) 


Current:
• 2010 – 2011 financial year: R668 million2010 2011 financial year: R668 million


(EUR68,000)


Need: 
• R34bn over the next 25 years 


(clear 20 million ha)(clear 20 million ha)







Implementation legislation and policies-
well developed, poorly implemented







Innovation and action !Innovation and action..!
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KNP - large protected areaKNP large protected area


Island in sea of different land 
use types







Commercial 
plantations


Urbanisation


plantations


Commercial Kr ger NPCommercial 
plantations


Kruger NP


Cit &


Subsistence 
farming


Citrus & 
banana







736km; 4%


159km; 63%
Key:


704k 14%


481km; 
26%


Key:


River length; 
% d 704km; 14%% under 
protection in 
the KNPthe KNP


178km; 15%


316km; 36%











Habitats invaded
Riparian forest along rivers







Habitats invaded
River and dams – free floating macrophytes







Habitats invaded
• Disturbed areas (mainly annual weeds)


• Dry river beds (mainly annual weeds)y ve beds ( y u weeds)







Habitats invaded Villages – ornamental species Habitats invaded escaping







Role of disturbance:
Roads
Entrance gatesEntrance gates
Staff villages
Tourist campsp







Invasive alien plants in 
th KNPthe KNP







Main concerns
Plants: (>370 ALIEN PLANTS RECORDED)


Opuntia stricta (Sour prickly pear)· Opuntia stricta (Sour prickly pear)
· Chromolaena odorata (Chromolaena/Triffid weed)
· Lantana camara (Lantana)
Mammals:
· Cats (Felis catus)
· Dogs (Canis domesticus)Dogs (Canis domesticus)
Birds:
· Myna bird (Acridotheres tristis)
Fish:
· Carp 
· Nile TilapiaNile Tilapia







Transitional zone: 165Transitional zone: 165


Upper zone:pp


191 alien 
plant species


Within KNP: 97
plant species







Increase in alien plant species in KNP over time
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Invasive alien plants are regarded as one of 
the most important threats tothe most important threats to 


biodiversity in the Kruger National Park
(1997) Management review on biodiversity Conservation in the KNP. 


Globallyy
Invasive alien plants are regarded as one of the greatest 


threats to biodiversitythreats to biodiversity







Alien species management objectives


Alien ImpactAlien Impact


To anticipate, prevent entry and where feasible and/or p p y
necessary control IAS, in a effort to minimize the impact 
on, and maintain the integrity of indigenous biodiversity


Strategy and Prevention Control ResearchStrategy and 
support


Prevention Control Research







Strategy and support


To develop a long-term strategy for the 
management of IAS, by evaluating the current 
and projected future overall scale of threatand projected future overall scale of threat, 
addressing organisational and infrastructural 
capacity, developing policy and building support 
f ti d hi h l l it tfor continued high level commitment


Assessment &


Priority setting


Building support Policy development


Priority setting







Prevention


To anticipate and evaluate imminent or potential 
risks to the KNP, as well as pathways of invasion 
and develop effective mechanisms to monitor, 
manage or mitigate these


Identify Exclusion RiskEarlyIdentify 
Pathways


Exclusion 
Prohibit/ 
discourage


Risk 
assessment


Early 
detection







Control


To ensure the effective and timely development and 
implementation of integrated control strategies, in such a 
manner that both rapid response and long-term 
maintenance goals are met


Implementation BestImplementation Best 
management 
practices







Research


To promote and develop a co-ordinated 
research programme in order to develop a 
clearer understanding of the dynamics and 
impacts of alien species invasions


Impacts Ecology Control 
methodsmethods







Current management of IAP inCurrent management of IAP in 
the KNP


• Removal of ornamental plants
WfW l i i i id d• WfW clearing rivers- inside and upstream 
from KNP


• Biological control 
• Integrated controlIntegrated control
• Maintenance of cleared areas







Funding spent in KNP:


1997: R 3 million from Royal Netherlands Embassy for 3 years (R1 million/annum)
1997- end March 1998: R 6 million from Poverty Relief funding
April 1998- March 1999: R 3,3 million
April 1999- March 2000: R 1,4 million
April 2000- March 2001: R 4,5 million
April 2001- March 2002: R 3,4 million
April 2002 March 2003: R 9 2 millionApril 2002- March 2003: R 9,2 million
April 2003- March 2004: R8.5 million
April 2004-March 2005:  R6.5million  
April 2005- March 2006: R7.8 million
April 2006- March 2007: R6.8 million
April 2007- March 2008: R6.0 million
April 2008- March 2009: R6.8 million
April 2009 March 2010: R7 9 millionApril 2009- March 2010: R7.9 million
April 2010- March 2011: R8.5 million (current year)


TOTAL: R89.6 million  (~ 35.8 million CZK)( )
[excludes KNP own expenditure]
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Working for Water







Opuntia stricta as a case study







1 plant-
Skukuza 
village in 
a garden


1950







2004











Increase in distribution of O strictaIncrease in distribution of O. strictaC. cactorum


Area (ha) infested with Opuntia stricta
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Human dimensions of plant invasions:Human dimensions of plant invasions: 
the role of KNP staff
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per camp
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Pistia stratiotes (water lettuce) as a case studyPistia stratiotes (water lettuce) as a case study







Pan
Time to control the eed ( ater lett ce) on different ater bodies


Pan
Time to control the weed (water lettuce) on different water bodies


Nhlangaluwe: 
D  1985 Dec. 1985 


Nhlangaluwe: g
Sept. 1986







River / RivierRiver / Rivier
Time to control the Time to control the 
weed (water lettuce) 
on different water 
bodies


Lo er Sabie  


Lower Sabie: 
Sept. 1987


Lower Sabie: 
Jan. 1993







DamDam


Sunset Dam: 
Sept - Nov  Sept. Nov. 


1997-2002


Sunset Dam: 
May - June 
1997-2002







Biological control agents released to date:


15 agents: 8 fully successful; 5 limited effect;15 agents:  8 fully successful;  5 limited effect;   
2 no effect. 


· Azolla filiculoides (Red water fern) - Stenopelmus rufinasus
· Eichhornia crassipes (Water hyacinth) - Cercospora rodmanii; Eccritotarsus


catarinensis; Neochetina bruchi; Neochetina eichhorniae; Niphograptacatarinensis; Neochetina bruchi; Neochetina eichhorniae; Niphograpta
albiguttalis; Orthogalumna terebrantis


· Lantana camara (Lantana) - Falconia intermedia; Octotoma scabripennis
· Opuntia stricta (Sour prickly pear) - Dactylopius opuntiae; Cactoblastis cactorumOpuntia stricta (Sour prickly pear) Dactylopius opuntiae; Cactoblastis cactorum
· Pistia stratiotes (Water lettuce) - Neohydronomus affinis
· Salvinia molesta (Kariba weed) - Cyrtobagous salviniae
· Sesbania punicea (Red sesbania) Neodiplogrammus quadrivattatus; Rhyssomatus· Sesbania punicea (Red sesbania) - Neodiplogrammus quadrivattatus; Rhyssomatus


marginatus; Trachapion lativentre







~ 30,000 
alien plantalien plant 
records







SYSTEM OVER-VIEW
Back in the officeIn the Field


Reporting to ManagersReporting to Managers


Info collated – Kruger 
wide database


Sent to Scientific 


Research & Monitoring


Services







Science and management


• Vast understanding of ecology of invasions
• But still does not necessarily make the 


control any easiercontrol any easier…







Constraints to management:
Expensive & simple tools available
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Adaptive Management for p g
Protected Areas







Why ‘adaptive management’?Why adaptive management ?


There are complicated 
problems – predictable when 
understood


Other problems often throw up 
surprises – are complex 
problemsunderstood


Computing & Communications 


problems


Agriculture


Transport & Aerospace


Aspects of Medicine 


Natural Resource Management


EcologyAspects of Medicine Ecology


Mi d  if   Mostly excellent delivery Mixed success – if success can 
even be defined!







COMPLICATED 
VS COMPLEX


vsvs.


COMPLEX 


COMPLICATED 


(like an ecosystem)


COMPLICATED 
(like a jet aircraft or an 
electronic circuit board) electronic circuit board) 


= ‘knowable’







Consequences in 


S  f E


q
the socio-
economic system


State of Ecosystem


FireFire


HerbivorySoil 
etc


Rainfall
ySoil 


type
Human actions 
again influence again influence 
biophysical system


Whether using the services provided (fuel wood; fisheries; water; etc)Whether using the services provided (fuel wood; fisheries; water; etc)
Or


Managing the system according to best available knowledge







WHAT IS ADAPTIVE MANAGEMENT?WHAT IS ADAPTIVE MANAGEMENT?


Adaptive Management (AM) is a
structured iterative process of decisionstructured, iterative process of decision
making in the face of uncertainty, with


dan aim to reducing uncertainty over
time via system monitoringtime via system monitoring


“learning while doing” learning while doing  







ADAPTIVE MANAGEMENTADAPTIVE MANAGEMENT


•“nothing endures but change” (Heraclitus 540 BC
- 480 BC)


•SANParks uses an adaptive management
approach to help conserve a diverse range of
complex environments


• Therefore if scientists and managers do not adaptTherefore if scientists and managers do not adapt
and learn (and co-operate), management will fail
to the detriment of species and ecosystems under itsto the detriment of species and ecosystems under its
protection







Adaptive Managementp g


“Th   f t ti  t l  t   “The process of treating natural resource management as an 
experiment such that the practicality of trail and error is 


added to the rigour and explicitness of the scientific 
experiment, producing learning that is both relevant and 


valid.”


3 documented “types” 
• Active (classic/true) adaptive management
• Passive adaptive management• Passive adaptive management
• Documented Trail and Error Management


A 4th “t ” iA 4th “type” is:
• Strategic Adaptive Management







BASIC ITERATIVE PROCESS OF 
DECISION MAKINGDECISION MAKING


D fiDefine
Problem


Formulate Plan 
of ActionLearn & Adapt


T k  A tiM it  & E l t
Assess & 


Communicate Take ActionMonitor & EvaluateCommunicate 
Results







What is ‘adaptive management’What is adaptive management


I l ti t ti l d l• Implementing management actions as landscape scale 
experiments
• Do somethingDo something
• Cannot wait for ‘more data / information / understanding’-
can never have enough.
• Do nothing (but not by default- well considered decision)
• Forecast possible responses
• Monitoring o tcome (not j st monitoring anal sing and• Monitoring outcome (not just monitoring – analysing and 
interpreting)
• LEARN about ecosystems, management, responsesLEARN about ecosystems, management, responses
• Feedback into management process


Evaluate & feedback at all stages of the process







VISION
Set desired 


KNP Adaptive Decision 
Making


future state


OBJECTIVES
+ sub-objectives


Were there any 
surprises and what 
was their influence 
on vision, objectives 


d i


6


Are the objectives & vision actually  being met?5


Making


id h di d i li


Check that the selected 
options were appropriate?


OPTIONS 
to achieve these


2


4
and actions?


[floods, drought]


Did the predicted outcomes materialise? 
If not, what did and why?


PREDICT
outcomes of 


options


2


EVALUATE
Acceptability of 


outcomes


SELECT


3 Was the outcome 
actually acceptable?


SELECT
Combination of 


options


OPERATIONALISE 1 Was the planOPERATIONALISE
Plan & implement


Was the plan 
fully & correctly 
implemented?Was monitoring


• adequate, 
• cost-effective  


• feasible
MONITOR


Evaluate and 
learn


feasible







SAM is not happening when-pp g
Key feedback loops are not in place


Check: that you did what you said you were going to do


that your monitoring programme is cost effective  feasible and that your monitoring programme is cost effective, feasible and 
detecting what it is supposed to


whether there is change in the ecosystemwhether there is change in the ecosystem
is that change acceptable?


h   bl  d i   ill lidthat your measurable endpoints are still valid


whether the objectives are still validj


Even if the outcomes are correct, are the objectives and 
vision being met?g m







Adaptive vs ‘trial and error’


T & EAM
No linked objectives, thresholds or 
monitoring


Consciously setting goals & exploring 
options, mindful of scenarios 


Objectives may be set, but no self 
evaluation. Learning is disjunct and 
does not lead to a more systemic 


Continuous research, management & 
integrated learning to adjust 
approaches based on growing 


Reactive (when things don’t work the Thresholds as hypotheses –


y
approach to management


pp g g
understanding


( g
way you anticipated), which may take 
you away from overall desired outcome 
(you are anyway not checking this)


yp
management experiments direct 
monitoring approaches


May have feedbacks, but not 
functioning across levels 


Feedback systems in place & 
functioning (asking the right questions) 


(you are anyway not checking this)


functioning across levels functioning (asking the right questions) 
and across multiple levels







SANParks specificSANParks specific


• Uses a variation:
– Strategic Adaptive Managementg p g


• Based on the approach of forecasting 
( d lli  t ) t  h  d (modelling etc) ecosystem change and 
responding in time 







IN PRACTICE - SANPARKSIN PRACTICE - SANPARKS


• Knowing what to conserve and where, is the first 
step towards effective protected area 
management


• When and How to manage on the other hand is• When and How to manage on the other hand is
complicated by the complexities of natural systems
functioning under unnatural conditionsfunctioning under unnatural conditions


How much is too much? 


Hands-off or intervene?







LEARNING AND KNOWLEDGE
The challenge in using AM approach:


gaining knowledge achieving the bestgaining knowledge 
to improve 
management in the


achieving the best 
short-term outcome 
based on currentmanagement in the 


future
based on current 
knowledge







OBJECTIVES HIERARCHY Societal  
values


Vision


Objective 1 Objective nObjective 2


Sub-obj 1 Sub-obj 2 Sub-obj n


Etc. Etc.


Conservation outcomes


Scientific 
endpoints -Thresholds of potential concern
measurable







Thresholds of Potential Concern 
(TPC)


• TPCs represent hypotheses of the acceptable
spatial and temporal limits of ecosystem flux


• These limits are set for indicators of system change


• They are used as amber lights by both scientists
and managers to prompt improved understanding
and considered action


• TPCs are derived by expert panel consensus on a• TPCs are derived by expert panel consensus on a
best-available-data basis







Various TPC 
b d iUndesirable 


zone


boundaries


U d i blUndesirable 
zone


Various system components and their state positions 







E.g. 
heterogeneous toheterogeneous to 
homogenous 
landscape







Basis behind thresholds of potential concern


Monitoring intervalHeterogeneous


Indicator 
value


Increased vigilance trigger
A d f t  


Action required trigger
Agreed safety 
margin


Model 
based 


projection


Lower confidence 
interval


Ecosystem 
inertia


Management 
reaction timeBest available knowledge 


Homogeneous


Time


of when irreversible 
damage may happen







Using strategic adaptive management to integrate:


Vision
Objectivesj
Thresholds of potential concern
Feedback mechanisms
Drivers or mechanisms of change
Management (getting actions going) g (g g g g)
Monitoring
Science







PREDICT
STATE CHANGE


WITHIN 
ACCEPTABLE 
THRESHOLD


CONTINUE 
MANAGEMENT 


ACTION
TPCS


OUTSIDE OF
ACCEPTABLE 
THRESHOLD


TPCS


IDENTIFY 
MECHANISMS / DRIVERS


ECOLOGICAL
MONITOR 


ECOSYSTEM RESPONSE
IDENTIFY


ABSENT OR DAMAGED
ECOSYSTEM PROCESS


RESEARCH
ECOSYSTEM RESPONSE 


(COMPOSITION, 
STRUCTURE & FUNCTION)


INVESTIGATE
MANAGEMENT ALTERNATIVES


(ACTIONS THAT MAY SIMULATE THIS IMPLEMENT NEW (
ECOSYSTEM PROCESS AT THE 


APPROPRIATE  SPATIO-TEMPORAL SCALES)


YES


MANAGEMENT
ACTION


ADAPT 
MANAGEMENT


PRACTICESNO 


YES
MONITOR 


ECOSYSTEM 
(COMPOSITION, 


STRUCTURE & FUNCTION)







So how to move from trial & error, 
to adaptive management?


Mindset changes for a knowledge-management partnership  


ManagementManagement


M it i S iMonitoring Science







1. Need to embrace a philosophical change to management


THE OLD THE NEW


Balance of nature        
No explicit scale  


Flux of nature                 
Spatio-temporal hierarchies 


Population/species focus Genes to landscapes foci


“Command and control” Adaptive management to“Command and control” 
to maintain balance


Adaptive management to 
learn by doing


Ecosystem management 
implicit consequence of 
population control


Ecosystems, heterogeneity 
and flux to become explicit 
achievable goalspopulation control achievable goals


We need more data We have 
enough to start







2. Why is translating scientific understanding into y g g
conservation management practice difficult ?


Uncertain, limited  
knowledge base 
Unpredictable systems


Ecologists’ vast and complex 
understanding - relative to the          
simplicity of managers’ toolsUnpredictable systems simplicity of managers’ tools


Inappropriate Contrasting and narrow science 
institutional design and 
reward systems 


and management mindsets                 
Individual resistance to change


• Knowledge management partnership 


• Institutional structure and function


• Behaviour of individuals







Change
3. The 
Change g
Cycle


Fear 
Caution 
Paralysis


Satisfaction 
Focus 
Generous


D
ou
an


di
ng


Paralysis


Resentment 
Skepticism 


Confidence 


Generous
ubt


nd
er


st
a Skepticism 


Resistance


A i t  


Pragmatism 
Productive


U
n Anxiety 


Confusion 
Unproductive


Anticipation 
Creative 
E ti on


e p
Energetic


an
ge


r 
zo


Brock and Selerno 1998


D
a







4  LEARNING -> KNOWLEDGE4. LEARNING -> KNOWLEDGE


Knowledge emerges through learning which is
the integration of:g


Information derived from data, &


Theory that gives information its proper context, &


Experience of how things work in the real worldp g







LEARNING PROCESS (whether individual, 
organizational, science-management)


theory


capacity forknowledgedata information capacity for
informed


action


experience
filterfilter







CHALLENGESCHALLENGES


1. predicting state change;


2. separating desirable (natural) and undesirable (unnatural) change


3 knowing when management intervention is necessary to avoid an 3. knowing when management intervention is necessary to avoid an 
unnatural state change;


4. identifying the mechanisms responsible for this unnatural state 
change; 


5. identifying the absent or damaged ecosystem process;


d d  h    ll l  h  f  6. deciding what management intervention will simulate this specific 
ecosystem process;


7. and knowing how to adapt management practices appropriately7. and knowing how to adapt management practices appropriately
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