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Persistence, stability and productivity in herbivore 
populations

The persistence, stability and productivity 
of herbivore populations depends upon 

their access to specific functional 
resources during key demographic 

periods over the annual cycle (adaptive 
foraging)

and 

upon their ability to minimize predation



Adaptation to extreme resource variability in African 
Savannahs

Several key demographic periods arise over the 
annual cycle as a result of:

Elevated demands for energy, protein and minerals 
during foetus maturation and lactation during the 
wet season

Severe limitation of forage availability and quality 
during the dry season affecting survival

Vulnerability of calves to predation during the wet 
season



Parker et al. 2009 – Functional Ecology
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Strong seasonal variation in forage 
quantity and quality
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Fluctuating energy demands over 
the annual cycle



Fluctuating energy demands over the annual cycle

Lake Kariba buffalo - Russell Taylor (1985)
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Functional heterogeneity and adaptive foraging efficiency
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Functional heterogeneity and adaptive foraging efficiency

Lake Kariba buffalo - Russell Taylor (1985)
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Nevertheless, the concept of merely switching between 
functional wet- and dry-season habitats over the 

annual cycle is much too coarse and simplistic to be 
useful for a complete understanding of herbivore 

resource/habitat requirements

The concept of functional generic resources (Owen-
Smith 2002) provides a much more refined and 

complete understanding of adaptive foraging over the 
annual cycle



Linking generic resource types to functional 
heterogeneity

Six functional generic resources have been 
identified (see Owen-Smith 2002, page 255):

 (1) High-quality resource

 (2) Restricted intake resource

 (3) Staple resource

 (4) Reserve resource

 (5) Buffer resource

 (6) Bridging resource



(1) High-quality resource

 Functional role: A high-quality resource is critical 
for meeting the energy, protein and mineral 
demands of pregnant and lactating females

 Is highly digestible

 Has high concentrations of energy, protein and 
minerals

 Has optimal height and biomass to maximize 
intake rates of energy, protein and minerals



Determinants of resource intake
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(1) High-quality resource

 Examples of a high-quality resource:

• For kudu, leafy soft stemmed forbs such as Justicia
spp and various creepers 
• The leafy component of high-quality lawn grasses 
such as Sporobolus nitens and S. ioclados for Impala 
and wildebeest 
• A dense and leafy 10-20 cm height sward of Digitaria
eriantha for buffalo
• Individual green leaves on relatively tall grasses for 
sable and roan e.g. Chrysopogon serrulatus and 
Panicum maximum (Magome et al. 2008) or 
Hyperthelia dissoluta (Hensman et al. 2012)



(2) Restricted-intake resource

 Functional role: Partitioning of foraging effort 
between a  very-high-quality restricted-intake 
resource and lower-quality but more abundant 
resources can facilitate a balanced diet 

 Is highly digestible

 Has high concentrations of energy, protein and 
minerals

 Unlike a high-quality resource, a restricted-intake 
resource does not have optimal height and biomass 
to maximize intake rates of resources



(2) Restricted-intake resource

 Examples of restricted-intake resources:

• Acacia leaves protected by thorns (for kudu but 
not giraffe)

• A very short grazing lawn (for buffalo but not 
impala or wildebeest) 



(2) Restricted-intake resource

Photo: R. Fynn



(3) Staple resource

 Functional role: A staple resource provides a 
more reliable resource of reasonable-quality forage 
over a greater proportion of the annual cycle than a 
high-quality resource

 Is digestible but less so than a high-quality 
resource

 Has adequate concentrations of energy, protein 
and minerals

 It is able to remain growing longer into the dry 
season than a high-quality resource



(3) Staple resource

 Examples of a staple resource:

• Intermediate height tufted grasses such as 
Panicum maximum, Themeda triandra, Cenchrus
ciliarus or Schmidtia papophoroides for buffalo and 
zebra

• Short-medium height tufted and creeping grasses 
such as Urochloa spp or Sporobolus ioclados for a 
wildebeest

• Palatable deciduous tree for a browser



(4) Reserve resource

 Functional role: A reserve resource provides a 
reserve of forage over the mid to late dry season 
when more preferred resources have been depleted 

 Has lower digestibility than a staple resource

 Nevertheless provides reliable adequate-quality 
forage over the dry season



(4) Reserve resource

 Examples of a Reserve resource:

• Tall stemmy species such as E. Rigidior, E. 
Lehmaniana and Stipagrostis sp for buffalo and 
zebra

• Short to medium-height species such as Digitaria
eriantha, Themeda triandra and Panicum maximum
for wildebeest and impala

• Evergreen trees for a browser



(4) Reserve resource

Photo: R. Fynn



RESERVE RESOURCE – VOSSIA CUSPIDATA

Photo: R. Fynn



(5) Buffer resource

 Functional role: A buffer resource consists of 
poor-quality forage that is ignored by herbivores in 
most years, but consequently is often the only 
remaining forage during drought years thereby 
preventing mass starvation and population collapse.



(5) Buffer resource

A buffer resource is ignored in normal years 
because: 

 Grows in extremely productive habitats such as 
in dambos, swamps and floodplains where 
forage consists of very coarse and stemmy
grasses, reeds and sedges of low digestibility 

or

 It has aromatic compounds (e.g. Bothriochloa
and Cymbopogon spp.)

Also known as a ‘key resource’ (Illius & O’Connor 
1999)



(5) Buffer resource

Photo: A. Zinn



(5) Buffer resource

Photo: A. Zinn



(6) Bridging resource

 Functional role: A bridging resource is a bridge of 
relatively high-quality green forage over the dry 
season 

 Is much higher quality than the typical senescent 
dry grass of regions or habitats without bridging 
resources

 Can greatly elevate protein intake for herbivores 
over the dry season 



(6) Bridging resource

For browsers, a bridging resource is formed by:

Emergence of new leaves on deciduous trees 
during the dry season

Flowering of trees and shrubs during the dry 
season



(6) Bridging resource

For grazers, a bridging resource is formed by the 
stimulation of fresh green regrowth during the dry 
season after burning or grazing/trampling down of 
a buffer resource in wetland habitats (e.g. dambos, 
floodplains). 



BRIDGING RESOURCE 

“But the fact that the perennial flood plain grasses shoot up 
green after trampling or burning, without the incidence of 
rain, insures that ample pasture is available during the dry 
season” 

Vesey-Fitzgerald (1960) Journal of Mammalogy 41: 167

THE RUKWA VALLEY - TANZANIA



BRIDGING RESOURCE

Most important is the REGROWTH of perennial grasses after 
the retreat of water and an EARLY BURN. This regrowth
provides fodder almost until the end of the dry season and is 
generally of excellent quality. 

In 1976 an estimated 200,000 head grazed the floodplain 
(Pamo 1998)

THE YAERE FLOODPLAIN - CAMEROON



BRIDGING RESOURCE – EFFECT ON PROTEIN INTAKE

Kgaswane Mountain Reserve – Parrini and Owen-Smith 2009 
– African Journal of Ecology 48:526-534

2002 – Dry season fire in wet grassland resulted in new 
green growth over the dry season (Bridging resource present)

 2003 – Dry season fire in dry grassland resulted in no green 
growth (Bridging resource absent)

 Faecal crude protein in late dry season 2002 (Bridging 
resource present) – 10.1%

Faecal crude protein in late dry season 2003 (Bridging 
resource absent) – 7.4%



Bridging resource (late dry season) – Selinda spillway floodplains

Reserve 
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Photo: A. Zinn



Bridging resource (late dry season) – Chobe enclave dambos

Photo: R. Fynn



Bridging resource (mid dry season) – Okavango Delta

Photo: R. FynnPhoto: R. Fynn



Developing Key Concepts

Organizing functional generic resources on 
ecological gradients

Habitat productivity gradients are a 
unifying concept in ecology
(Grime 1979; Tilman 1988)



Productivity gradients determine the distribution 
of functionally different plant species through trait 
adaptations (Grime 1979; Tilman 1988; Fynn et al. 

2005, 2012) 

Plant trait variation along the gradient in turn 
determines the distribution of functional generic 

resources in space and time

 In turn, herbivore seasonal movements are 
clearly linked to habitat productivity on landscape-

scale topographic gradients and regional-scale 
rainfall gradients



Landscape-scale topographic/productivity gradients
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Landscape-scale topographic/productivity gradients
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Similar to topographic gradients, many studies have 
demonstrated regional-scale herbivore migration between 
woodlands (wet-season) to floodplains (dry season)

 Bartlam-Brooks et al. 2011

 Fryxell and Sinclair 1988

 Pamo 1988

 Vesey-FitzGerald 1960

 Taolo 2005

 Jarman 1972

Taylor 1985



The ability to produce green forage over the dry season 
productivity gradients

Serengeti productivity (wetness) gradient
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Short grassland: High-quality 
and staple resources

Mid grassland: Staple 
and reserve 
resources

Tall grassland: Reserve, 
bridging and buffer 
resources

A robust migration 
pattern recorded 
across Africa by 
many studies

 Serengeti ecosystem 
(Maddock 1979)

Masai-Mara-Loita plains 
ecosystem (Ogutu et al. 
2009)

 Nairobi National Park -
Athi Kapiti ecosystem 
(Hillman & Hillman 1977)

 Sahel ecosystem 
(Breman & de Wit 1983)

 Lowveld ecosystem 
(Stevenson-Hamilton 
1947)



Conceptual organization of Generic functional resources
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How do we apply the concept of 
functional generic resources to 

wildlife conservation?



Applications

• The productivity gradient-functional generic 
resource framework allows us to evaluate 
functional heterogeneity  by:

(1) Mapping out all the well-developed landscape-
scale and regional-scale productivity gradients

(2) Quantifying and analysing plant community 
structure, composition and temporal dynamics of 
production, greenness and quality of forage along 
these gradients



Applications

Using an understanding of how different herbivore 
species perceive the various functional generic 

resources one is then able to determine:

 How functional a protected area is for various 
types of herbivores

Make decisions on critical land/habitats to 
include in existing or developing protected areas

Model and predict the effects of habitat loss, 
climate change and management interventions on 
specific herbivore populations



Kruger Rainfall gradients



Applications

In my own section, the Pretorius Kop area of the 
park, much of the area excised at the time of 

its removal from the park’s territory it was 
literally packed with game. In fact it is sad to 
relate that this portion covered some of our 
best game country, as it was well watered, 
and, with big vleis in most parts, there was 

always early summer grazing”
(Harry Wolhuter, Memories of a game ranger) 



Functional Heterogeneity: Modeling the effect of 
functional generic resources (Owen-Smith 2002, P 241)
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Thank you!


