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Abstract

Ungulate populations in African conservation areas (CAs)
are in widespread decline, which can largely be attributed
to a lack of functionality of the area encompassed by the
CAs themselves. We present evidence from a wide range of
African CAs showling that they do not encompass both the
functional wet- and dry-season resources that ungulates
traditionally migrated between. Before human populations
and economic development had grown to levels where
they interfered with migrations outside the CAs, ungulates
were able to make use of their traditional seasonal
resources but this is becoming increasingly difficult and we
are now seeing the effects of this restriction of movement
on ungulate population numbers, New innovative strate-
gles are required for the conservation of African wildlife.
An urgent Africa-wide survey is needed to establish past
and present functional resources in and around CAs and to
prioritize conservation reglons that are most functional. In
addition, innovative attempts need to be made to recon-
solidate functional seasonal resources within revised
expanded protected areas,
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Résumé

Les populations d'ongulés dans les aires de conservation
africaines (AC) sont largement en déclin, ce que l'on peut
en grande partie attribuer au manque de fonctionnalité de
la soperficie englobée par les AC ellesmémes. Nous
présentons des preuves tirées d'une large gamme d'AC
africaines qui montrent qu'elles ne comprennent pas
I'emsemble des ressources fonctionnelles de salson des
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pluies et de saison séche entre lesquelles les ongulés ont
I'habitude de migrer. Avant que les populations humaines
et le développement économigue n'alent attelnt des nive-
aux o0 ils Interferent avec les migrations gul se font en
dehors des AC, les ongulés étalent & méme d'utiliser leurs
ressources salsonniéres traditionnelles, mals cecl est deve-
nu de plus en plus difficile, et nous voyons désormais les
effets de cette restriction des déplacements sur les chiffres
des populations d'ongulés. 11 est urgent de réaliser une
étude a I'échelle du continent pour établir quelles sont les
ressources fonctionnelles passées et présentes dans et
autour des AC et pour prioriser les réglons de conservation
qui sont les plus fonctionnelles. De plus, il faut innover
pour consolider les ressources fonctionnelles salsonniéres
au sein d'aires protégées révisées et élargies.

Introduction

Many of Africa’s conservation areas (CAs) are experiencing
large declines in the size and diversity of their ungulate
populations (Whyte & Joubert, 1988; Ben-Shahar, 1993;
Williamson, 2002; Owen-Smith & Mills, 2006; Caro &
Scholte, 2007; Bolger et al, 2008; Newmark, 2008; Harris
etal, 2009; Ogatu et al., 2009; Western, Russell & Cuthill,
2009). We provide evidence from a wide range of African
CAs showing that the major reason for these declines
appears to be becanse many of Africa’s CAs do not
encompass the full range of functional resource gradients,
migratory cortidors and seasonal habitats critical for the
maintenance of a diverse array of productive ungulate
populations.

Forage quantity and quality in the savannas of Africa
are highly variable both spatially and temporally (Vesey-
Fitzgerald, 1960; Breman & De Wit, 1983; Ellis & Swift,
1988; Mlius & O'Connor, 2000; Fryxell e al, 2003; Owen-
Smith, 2007). The stability and productivity of ungulate
populations is dependent upon them being able to pursue



an  optimal  energy-maximizing foraging strategy by
tracking this spatial and temporal variability in forage
quantity and quality (Albon & Langvatn, 1992; Rettie &
Messier, 2000; Owen-Smith, 2002, 2004; Fryxell o al.,
2005; Holdo, Holt & Fryxell, 2009; Parker, Barboza &
Gillingham, 2009; Hoperaft, QU & Sinclair, 20100,

Forage quality is generally at its highest in lower pro-
ductivity regions such as on shallow, upland soils and in
low-rainfall regions because minerals, protein and energy
become more diluted and digestibility decreases as grass
biomass increases (Jarrell & Beverly, 1981; Breman & De
Wit, 1983; McMaughton & Banvikwa, 1993 Murray,
1993), Thus, except for a few species such as sable ante-
lope (Hippotragus niger) and topl (Demaliscus korrigum),
which have mouth parts adapted to selecting green leaves
on taller grasses (Murray & [lins, 20001, the predomi-
nance of short grasses in these less productive areas results
in greater rates of nuotrient and energy intake by most
ungulate species (Wilmshurst, Frvxell & Bergman, 2000,
Owen-Smith, 2002, Low productivity areas are, therefore,
critical for supplving sufficient protein, energy and min-
erals in forage during the period of lactation and for
building up body stores before the dry season (McMNaugh-
ton & Banvikwa, 1993; Parker, Barboza & Gillingham,
2009; Hoperaft, O & Sinclair, 2010). By contrast, more
productive, high-rainfall regions or floodplains, although
supporting grasses generally lower in quality during the
wet season than grasses in less productive regions, often
provide some form of green forage in the late drv season
(Vesev-TFitzgerald, 1960; McMNanghton, 1983; Frywell,
1987 Fryxell & Sinclair, 1988a), when forage quality is
severely limiting (Ellis & Swift, 1988; Mduma, Sinclair &
Hilborn, 1999; Mlins & O'Connor, 20000,

In addition to the advantages of better adaptive
foraging capability for migratory populations, migration
also allows ungulate populations to break free from
predation limitation (Fryxell, Gresver & Sinclair, 1988,
Mills & Schenk, 1992; Heard, Williams & Melton, 1996;
Rettie & Messier, 2000; Fryxell et al., 2007), which lim-
its the size of nonmigratory ungulate populations well
below the ecological carrving capacity (Smmts, 1978,
Gasaway, Gasaway & Berrv, 1996; Hoperaft, OWf &
Sinclair, 2010). In addition, as human population den-
sittes adjacent o CAs increase (e.g. Mewmark, 2008,
Oputu et @l., 2009), ungulates having to migrate o
seasonal grazing grounds outside of CAs often experience
greatly elevated levels of poaching and human interfer-
ence in these unprotected areas (Whyte & Joubert, 1988,

Williamson, Willamson & Ngwamotsoko, 1988; New-
mark, 2008; Ogutu e al, 2009),

Thus almost all of the world's extant large, stable
ungulate populations are in unfragmented migratory
systems consisting of a high-forage-quality, wet-season
respurce (low-rainfall regions or high-altitude regions), a
dry season and drought-refuge resource (high-rainfall
regions or floodplains and wetlands) and a transitional
foraging area acting as a corddor betwesn the wet- and
drvseason resources e.g. Fryxell & Sinclair, 1988a; Bol ger
et al., 2008; Harrds of al., 2009), Unrestricted access to all
these resources enables ungulates to follow an optimal
adaptive foraging strategy, reduce predation risk and
minimize human interference and peaching (McMaugh-
ton, 198% Frixell & Sinclair, 1988a; Heard, Williams &
Melton, 1996; Bolger ef al, 2008; Harrds ef al., 2009;
Parker, Barbozma & Gillingham, 2009 Hoperaft, O &
Sinclair, 2010). Thus for the purposes of this paper, we
defing as ‘dvsfunctional’ or ‘not fully functional’, CAs that
no longer allow ungulates full protected access to all the
critical seasonal foraging regions that they once regulardy
ufilized on a seasonal basis,

Layvout of African conservation areas (CAs) in
relation to critical ecological gradients

The Kruger National Park

The Kruger National Park (KEMP) has surptsingly low
ungulate densities relative to other CAs such as Serengeti
Mational Park (SNP) in Tanzania, Hluhluwe-Imfolozi Park
(HIF) in Sputh Africa and the Okavango Delta in Bots-
wana, [n 1993, herbivore biomass for KNP, HIF and SNP
were 3183, 8949 and 12363 kg km ™, respectively
(Morman Owen-Smith, unpublished data), while herbivore
biomass in the Okavango Delta s 11888 kg km™ (Bony-
ongo, 2004). An intrigoing question is: has KNP always
had such low herbivore biomass? Historical records from
KNP (Stevenson-Hamilton, 1947; Wolhuter, 1948), more
recent examples from KNP (Whyte & Joubert, 1988; Ben-
Shahar, 1993) as well as other recent examples from other
CAs (Gasawav, Gasaway & Berry, 1996 Serneels & Lam-
bin, 2001; Willamson, 2002; Newmark, 2008; Harris
et al., 2009 suggest that the reason for these low densities
is becaunse natural migratory routes along functional
environmental gradients have been cut off rendering the
system dysfunctional in terms of the ability of ungulates to
follow optimal adaptive foraging strategies and minimize



predation risk. The KNP occurs dominantly in the low-
rainfall region (400- to 600-mm zone) of the Lowveld
ecosystem (LE). However, just west of KNP, along the
entire length of the Park, are zones within the LE receiving
between 800 and 1200 mm of rainfall per annum (Fig. 1).
Writings of previous KNP wardens and rangers provide
evidence that (i) migrations on this once intact rainfall
gradient in the LE were common and (ii) these migrations
were critical for the maintenance of a large ungulate
population within the LE.

Colonel James Stevenson-Hamilton, the first warden of
KNP, had this to say:

‘Most of the purely grass-caters are, at least locally.
migratory in habit, and, though wildebeest, for instance, appear
to be able to thrive on a larger assortment and coarser types of
grasses than some of the others, they, for the most part, reg-
ularly change their grazing grounds annually, and in the Park
migrate in winter often as much as fifty miles to the west of
their summer haunts' (Stevenson-Hamilton, 1947).
Stevenson-Hamilton continues (bold emphasis ours):

‘Between 1925 and 1936 ocaurred a long period of drought,
hardly uninterrupted by a rainfall during three of the inter-
vening years, which, though reasonable in actual amount, fell
at the wrong times, and usually in the shape of heavy storms

Fig 1 Rainfall map of the Lowved ecosys-
tem (LE) of South Africa. It is clear that the
Kruger National Park (KNP) lies domi-
nantly within the 400- to 600-mm rainfall
zones of the LE. Just west of KNP, however,
along the entire length of the Park, are
zones within the LE receiving between 800
and 1200 mm of rainfall per annum. The
>1200-mm zone represents the LE escarp-
ment or LE boundary (delineated by the
thick black line) and represents a barrier to
further westward migration by ungulates.
Rainfall map data sourced from Schulze
et al. (1997). Blue arrow, recently blocked
wildebeest  migration  between  the
Sabi-Sand reserve and KNP (Whyte &
Joubert, 1988; Ben-Shahar, 1993); Red
arrows, Stevenson-Hamilton's descriptions
of ungulate migrations prior to interfer-
ence by agriculture and human settlement
in the high-rainfall regions (Stevenson-
Hamilton, 1947); Black arrows, predicted
migrations {no records)
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instend of lght soaking rain. The result was @ general exodus of
the more migratory species from the already overgrazed por-
tions of the Park in the east, towards the more fertile and
hetter-watered foothills of the Drakensherg and sstwands into
Portugese territory. Some such exodus had alwavs taken
place annually in the past, with a backward trel ar the
first rains, but owing to persistently arid conditions from year
to year, culminating in 19345, there was less and less ten-
dencyy for the herds to return to their former grazing grounds,
ard fimally they heoame largely sectled in the new localities.
Had there been no natural migrating space available, or
had the Park been enclosed by some unsurmountable
obstacles, as some think it ought to be, no doubt there
would have been wholesale death from starvation and
disease among all the ungulate fauna.'

From Colonel Stevenson-Hamilton's observations, it is
clear that many of the species in the LE, especially wilde-
beest (Connochaetes taurinus), migrated east — west along
the rainfall gradient, using the eastern, low-rainfall regions
in the wet season and the western, high-rainfall regions in
the dry season (Fig. 1) Similarly, the eastward migration
inte Mozambique or Portugese territory in Stevenson
Hamilton's time (Fig. 1) is also on a strong rainfall gradi-
ent increasing to an S00- to 1000-mm zone within
100 km of southern KNP (Whantumbo, Ledin & Du Preez,
2009), which is well within the distance of most African
ungulate migrations (Jarman & Sinclair, 1979 William-
son, Willlamson & Megwamotsoko, 1988; Bartlam-Brooks,
Bonvongo & Harris, in press). These migration patterns on
rainfall gradients east and west of KNF are in accordance
with SNP ungulate migration patterns in the Serengeti
Ecoayvatem (SE) where ungulates use the low-rainfall (400
A00 mm), short-grass Serengeti plains during the wet
season and the high-rainfall (=1000 mm), taller grass-
lands on the Tanzania-Kenva border during the late dry
season (Jarman & Sinclair, 1979 McMaughton, 1985;
Holdo, Holt & Fryxell, 2009, Similardy, the high-rainfall
(=1000 mm), Masai-Mara Game Reserve (MMGR) forms
the dry-season range and the low-rainfall (300 mm), short
grasslands of the Loita plains the wet-season range for
ungulate migration in the Masai-Mara ecosvsterm (MME)
(Sernesls & Lambin, 2001; Serneels, Said & Lambin, 2001)
while the high-rainfall (830 mm) Mairobi MNational Park
(MNP forms the drvseason range and the low-rainfall
(400 mm) grasslands of the Athi-Eapiti plains the wet-
season mnge for ungulate migration in the Athi-Kapiti
ecosvatern (AKE) (Hillman & Hillman, 1977 Gichohi,
20000, In addition, the migration of pastoralists and their

cattle in the Sahel Transhumance ecosystem (STE) follows
similar seasonal patterns on a strong rainfall gradient
(200-900 mm) (Breman & De Wit, 1983; Fryxell & Sin-
clair, 1988a). The short, nutritions grasses in the low-
rainfall regions of SE and STE have been shown to have a
higher concentration of protein and minerals than grasses
at the high-rainfall end of the gradient (Breman & De Wit,
1983; McNanghton & Banvikwa, 1993; Murray, 1993). It
appears that lower leaching at low-rainfall combined with
fertile, volcanic ash soils result in more nutritous grasses
than those growing on the poorer, granitic soils in the
high-rainfall regions of the SE (McMNaoghton, 1983;
Anderson et al, 20100, Similarly, the low-rainfall regions
of the eastern LE support more nutritious grasses on fertile
volcanic clay soils than the granitic and sedimentary de-
ved soils further west (Skidmore ef al., 20100, In addition,
the low-rainfall KNP allows the development of salines-
sodic soils supporting short, nutrtious grasses (Grant &
Scholes, 2006; for effect of rainfall see Anderson et al,
20100, This explains why ungulates preferably use these
low-rainfall regions of the STE, SE, LE, MME and AKE
during the wet season (Stevenson-Hamilton, 1947 Hill-
man & Hillman, 1977 Breman & De Wit, 1983;
McManghton, 1985; Fryxell & Sinclair, 1988a; Serneels &
Lambin, 2001,

Dryv-season movement of ungulates to the high-rainfall
foothills of the LE escarpment and the high-rainfall regions
of the STE, 5E, MME and AKE appears to be because these
high-rainfall regions provide dependable green grass in the
late drv season. A kev feature of the high-rainfall grass-
lands in SE and MME is that sufficient dry-season rainfall
provides some degree of green grazing in the late dry
season: ' Bearuse of their extended growing season those tall
grisslands were the last reservoir of green forage available at
the end of the dry senson’ (McMNanghton, 1983; also see
Holdo, Holt & Fryxell, 2009, Similady, Harry Wolhuter,
the first ranger in KNP, noted that a kev feature of the
foothills of the LE escarpment was their dependable green
gragng in the late dry season (eady summer):

‘In 1926, when the Sabi and Shingwedzi Game Reserves
were united in the Kruger National Park, certain areas along
the western boundary of the old Sabi Reserve were excised In
iy owen section, the Pretorius Kop area of the park, much of the
aren 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 wis
well waterad and, with big vleis in most parts, there was
alwavs early summer gragne’ (Wolhuter, 1948). These



excised areas west of Pretoriouskop were cleardy in very
high-rainfall areas (Fig. 1). Rainfall averaged over four
sites in the high-rainfall foothills (White rdver, Hazyview,
Bushbuck ridge and Tzaneen) was 31, 66 and 109 mm for
September, October and MNovember (late dry season),
respectively. By contrast, rainfall averaged for four sites in
the lower-rainfall, eastern LE (Shingwedzi, Letaba, Satara
and Lower Sabi) was 18, 37 and 62 mm for September,
October and Movember, respectively (Zucchini & Nenadic,
20061, Consequently, dependable green grazng can be
expected 1-2 months earlier in summer in the western
than eastern regions of the LE. Thus, these high-rainfall
grasslands of the LE appear to be functionally similar to the
high-rainfall SE grasslands, providing dependable green
grazing in the late dry season. Thus, the search for green
leaf appears to be one of the major drivers of ungulate
migrations to floodplains and high-rainfall regions during
the dry season (Vesev-Fitzgerald, 1960; Froxell and Sin-
clair, 1988ab; Holdo, Holt & Fryxell, 2009).

Currently, ungulates can migrate no further than the
western fence of KNP and its assoclated private CAs (the
fence betwesn KNP and the prvate CAs has been removed)
and fencing of the southern ENP-Mozambigque border on
the east of KNP prevents movement into Mozambique
[Fig. 1). Even if the western fence was removed, dense
human settlement and intensive agrculture in the high-
rainfall regions (8001200 mm) of the LE would make it
impossible for ungulates to reach their traditional dry-
sepson and droughtrefuge grazing areas in these high-
rainfall regions (Fig. 1). Thus, the area encompassed by
KNP and its associated private CAs is not a fully functional
grazing ecosystem because ungulates are now only able to
select traditional wet-season and corridor gragng areas
within the low- and medium-rainfall areas of the LE (up to
and including the 700-mm zone but no further). Similar to
the example of the AKE where the true dry-season mnge of
the ecosystem in the high-rainfall Mgong hills region was
lost to settlement and agricultare (Gichohi, 2000), a fully
functional KNP would have to extend all the way west-
wards to the LE escarpment, thereby including the very
high-rainfall regions between KNP and the escarpment and
include the high-rainfall regions east of KNP in southern
Mozambique (Fig. 1). As a consequence of the loss
of migrations in KNP, unguolate population size 15 now
severaly limited by predation (Smuts, 1978; Mills & Schenk,
19921, Functional regional-scale selection of habitat for
respurces and predation aveidance (both wet- and dry-
season reglons) has been recognized as the most important

determinant of productive ungulate populations (Fryxell,
Greever & Sinclair, 1988; Fryxell & Sinclair, 1988a; Rettie
& Messler, 2000; Parker, Barboza & Gillingham, 2009;
Hopcraft, OIf & Sinclair, 2010, but ungulates in KNP are
no longer able to select at a fanctional regional scale,

Data on ungulate numbers in the LE before the massive
die offs in the Rinderpest epiznotic of 189697 (Waolhuter,
1948) is lacking and it is therefore not possible to deter-
mine what effects the loss of access v the droughtrefuge
and dry-season grazing of the high-rainfall regions has had
on ungulate population size in the LE. However, a more
recent restricted wildebeest migration occurred between
wet-season grazing on fertile Gabbro-derved soils of the
Orpen region of KNP and dry-season grazing along the
Sand river in the adjacent private CAs directly west of KNP
[see blue arrow in Fig. 1). Erection of the western bound-
ary fence of KNP in 1941 severed this migration resulting
in an 83% reduction in their popalation size from around
A0 in 1965 to around 900 by 1978, whereas two other
wild ebeest sub-populations further east, whose movements
were not affected by the fence, have not declined in size
over time (Whyte & Joubert, 1988; also see Ben-Shahar,
1993). It is, therefore, reasonable to assume that disrop-
tion of far more extensive migrations between the low-
rainfall, wet-season range and the high-rainfall dry-season
range (Fig. 1; Stevenson-Hamilton, 1947; Wolhuter,
1948) is likely to have resulted in a large overall decline in
the size of ungulate populations of the LE as observed for
other disrupted migrations on minfall gradients (e.g. AKE
and MME).

This decline following the removal of a seasonal resource
is predicted by ecological models (Owen-Smith, 2004;
Fryxell et al., 2003). Similar to the KNP example (Whyte &
Joubert, 1988; Ben-Shahar, 1993), a major crash in the SE
wildebeest population is expected should either the high-
or low-rainfall areas of SE be removed from the Park
(Owen-Smith, 2004; Frixell ¢t al, 2003). Far higher her-
bivore biomass levels in HIP (8949 kg km™ %) relative to
the 21 times larger KNP (3185 kg k™) appears to be
becanse of the strong rainfall gradient within HIP
(535990 mm), which combined with great vardability in
elevation and topography (A0-&M) m) creates a high
degree of functional habitat heterogeneity in this small CA.
How much greater, however, could ungulate biomass in
HIF be if it encompassed the full range, diversity and area
of ecological gradients within the Fululand ecosvstem,
which is far greater than that currently encompassed by
this amall CA?



Examples from other conservation areas (CAs)

A major population crash of several ungulate species fol-
lowing the fragmentation of kev seasonal resources was
observed in the Kgalagadi ecosvstem (K] in Botswana,
The KE contains various CAs such as the Kgalagadi
Transfrontier Park (KTF) in the south west extending
northwards to relatively higher rainfall areas of the Central
Kalahari Game Reserve (CKGR) and the Makgadikgadi
Pans Game Reserve (MPGR) to the north east of the CEGR,
while north of the CKGR the Okavango Delta outflows of
Lake Mgami and the Boteti river provided drv-season water
and grazing (Fig. 2).

During the wet season, the bulk of the KE wildebeest,
red hartebeest (Aleelaphus  buselaphus) and  springbok
(Antidorans marsupialis) populations concentrated in the
230 o 350-mm rainfall zone in the region of the southern
KE known as ‘The Schwelle’ where nutritious grazing
could be found on saline pan grasslands (Willilamson,
Williamson & Ngwamotsoke, 1988:; Willamson, 2002,
Ungulates tracked green grazing associated with patchy
rainfall events across the Schwelle and CKGR (Verlinden,
1997; Verlinden & Masogo, 1997). Radio collarng, as well
as observational studies, showed that during severe
drought vears wildebesst migrated between 300 and
300 km straight-line distance up the rainfall gradient from
the southern KE and CEKGR to Lake Mgami, the Boteti river

and possibly even the floodplains of the Delta itself (Owen &
Owen, 1980; Williamson, Willamson & Ngwamotsoko,
1988; Willamson, 2002; Fig, 2). It appears that during
these very dry vears, the moisture of grasses had fallen to
levels too low to meet the needs of the wildebeest and they
were forced to move to the permanent surface water
provided by the Boteti dver (Williamson, Williamson &
Mewamotsoko, 1988,

Since the late 19508 rapidly increasing cattle posts and
veterinary cordon fences have interfered with ungulate
movements across the KE (Cooke, 1983; Verlinden, 1997:
Mbaiwa & Mbaiwa, 2006, Huoman settlement and cattle
poats are making it increasingly difficult for wildlife to
ufilize the Schwelle and to move between the Schwelle and
the CEGR (Verdinden, 1997) and the critical drought-ref-
uge respurces of the Okavango Delta, Lake Ngami and the
Boteti river have been cut off from KE ungulates by vet-
erinary fences, settlements and cattle ranching (Owen &
Owen, 1980; Williamson, Willilamson & Ngwamotsoko,
1988&; Fig. 2). During the severe droughts of 1979-1983,
massive mortalities of wildebeest were recorded as wilde-
beest massed against the Kuke fence in their attempts to
reach the Boteti river (Owen & Owen, 1980: Williamson,
2002) and unguolate populations in general in the KE
(including MPGR) have declined to a mere fraction of their
former numbers (Fig. 3). From the data presented in Fig, 3,
it is apparent that the isolated CAs of the KTF and CKGE,
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Fig 3 Estimated ungulate numbers in the Kgalagadi ecosystem
{incuding Makgadikpadi‘Nxsi pans) in 1980 and 2004, Data
sourced from Cooke (1985) and DWNP (2004)

despite their vast size, contribute very little to the conser-
vation of most ungulates in the EE any longer because
they do not allow connectivity between high-quality, wet-
season grazing in the saline grasslands of the Schwelle and
MPGR, dry-season grazing in the CKGR and the drought-
refuge water and grazing of the Okavango outflows of Lake
Mgami and the Boteti dver (Fig. 2.

Similady, Etosha Mational Parks' (ENP) wildebesst pop-
ulation declined from a peak of about 30,000 in 1965 to
2000 by 1993 and Burchell's zebra ( Equus burchelli) from
a peak of 23,000 in 1935 to less than 4000 by 1990,
while springbok have undergone a less dramatic decline
(Gasaway, Gasaway & Berry, 1996). The wildebeasst

population decline appears to be because of the erection of
a fence that cut off their migrations outside of the Park to
dry-season grazing (Berry, 1982; Gasaway, Gasaway &
Berry, 199A), The major wet-season grazing area of the
Etosha ecosystem (EE) was short, nutritions 'sweet’ grass-
land on lime (Berry, 1982) to the west of the main Etosha
Pan (Fig. 4) while ungulates migrated north for the dry
season to the regions around Lake Oponono and the
Oshana wetlands of the Covelai drainage system origh-
nating in Angola (H. Berry, pers. com) (Fig. 4). The Cuv-
elai drainage system is an inverted delta consisting of a
savanna matrix between open grass-covered drainages
dominated by wetland grasses such as  Eehinochioa
(F. Beauv.) and Elytrophorus (P, Beauv.) sp, (WWTF/TNC,
2008), Thus, this grazing ecosvstem appears to have
operated in a very similar manner to the adjacent KE,
which alse had a wet-season resource in low-rainfall pan
grasslands and a dry-season resource in the drainages
originating in Angola (Figs 2 and 4).

In east Africa, human population growth, private
ranching and agriculture have increasingly prevented
ungulates reaching their wet-season range outside of
Tarangire National Park (TNP) in the Tarangire ecosvatem
[TE), NMP in the AKE and MMGRE in the MME (Kahuran-
anga & Silkiluwasha, 1997; Gichohi, 204N} Serneels &
Lambin, 2001; Serneels, Said & Lambin, 2001; Bolger
et al., 2008; Ogutn e al.,, 2009). As with the southern
African examples of the LE, KE and ENF, disruption of
migration in these three East African ecosystems has
resulted in a collapse of their wildebeest populations
(Fig. 3). Several other ungulates such as topi, kengoni
[Alcelaphus buselaphius cokei), zebra and hartebesst have
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Fig 4 Map showing the major wet- and
dry-season grazing regions of the Etosha
ecosystern. A velerinary fence along the
northern Border of Ftosha National Park
{ENF) has severed the traditional ungulate
migrations between high-quality wet-sea-
son graging adjacent to Ftoshe Pan and
water and dry-sesson graging north of
the Park in the Cuvelai drainage system.
The broken, double-headed arrow indi-
cates the sewered migration. Map and
information on ungulate movements cour-
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also declined, but similar to the southern African exam-
ples, the response has been more variable compared to the
ublquitous dramatic wildebeest declines (Bolger of al.,
2008; Imbahale of al., 2008; Ogutu et al, 2009; Western,
Fussell & Cuthill, 2009), The examples of MME, AKE and
TE demonstrate that it is not only the dry-season range
that is important but also the wet-season range (see Voe-
ten et al, 2009,

Functional conservation arcas (CAs)
remaining in Africa

Several CAs in Africa still provide relativel v unfragmented
functional wet- and dry-season habitats capable of sup-
porting large wiable ungulate populations. Perhaps the
most functional and productive wildlife system on earth is
the famous SE with its millions of wildebeest, zebra and
Thomsons gazelles (Fudorces thomsonii), which migrate
between the low-rainfall, short-grass plains where they
apend the wet season and the high-rainfall woodlands on
the Kenvan border where they spend the dry season (Jar-
man & Sinclair, 1979; McMNaughton, 1985; Holdo, Holt &
Fryxell, 2009), The unparalleled size of the ungulate

[
140,000.04 E"':
- ] —
e |
w 120,000.04
(=
5 ]
.g 100,000.04
E 4
80,000.04
E i -
% 60,000.0 4 =1
g ] B 5 g
] )
-E 40,000.0 =
'-E' B
ws 20,000.04 =
i ] 8 2
oo —
L T l.l_.l
E 8% 8z
%5 3c 28
r ] E M= B o=
o ﬁ (4 = E
g =i 5
g

Fig 5 Changes in wildebeest population size in three east African
grazing ecosystems. Nairobi Mational Park (NNP), Masai-Mara
Game Reserve (MMGR) and Tarangire Mational Park (TNP) do
not encompass the critical nutriious short grasslands of the
Athi-Kapiti ecosystem (AKE), Masai-Mara ecosystem (MME) and
Tarangire ecosystem (TE), respectivedy. Data from Serneels &
Lambin (2001 Bolger et al. { 2008); Imbahale ef al (2008)

populations of SE is because the SKP and its associated
wildlife management areas encompass almost all of the
highly nutrtious, short grasslands, productive high-rain-
fall grasslands and transitional mid-grasslands of the SE
(McMaughton, 1983). This great grazing ecosvatem is
without doubt Africa’s flagship CA.

The Selons-Miassa complex on the Tanzania-Mozam-
bique border is a vast wildlife region comprising the Sslous
Game Reserve in Tanzania (47,000 km®), the MNiassa
National Reserve in Mozambique (42,000 km*) and the
Selous-Miassa wildlife coreidor (2000 km?) as a link be-
tween the two reserves, The complex is made up of a mix of
open wooded grasslands and miombo woodlands with
rverine vegetation, swamps and floodplains of the Ruaha,
Fufiji, Lugenda and Rovuma dvers (Baldus et al,, 2003
SEM, 2003; UNEP-WCMC, 2008). The region has the
largest populations of wild dog (=1000) and sable antelope
(=13,001) in Africa, populations of buffalo | Syreerus calfer)
and elephant | Loxodonta afrioena) exceeding 100,000 each,
endemic species of wildebeest (C. taurinus jolnstond), zebra
(Eguus burchelli boelni) and impala (Aepyoeros melampus
jolmestoni) and many other antelope species, including large
populations of Burchell's zebra, Lichtensteinsg hartebeest
(Alcelaphus lichtensteinil) and kongoni (Baldus et al, 2003;
TOER, 2004: Hahn, 2008; UNEP-WCMC, 2008). Despite
being one of Afrdca's greatest and most important CAs,
there is very little published research on ungulate migra-
tion and ecology in this complex. Laying claim to both the
SE and a0% of the Selons-Niassa complex, Tanzania
should be rewarded for conserving the greatest wildlife
populations on earth,

The Boma ecosvstem (BE) of Sudan supported nearly one
million white-eared kob (Kobus kob lewcotis) that migrate
between the floodplains of the Oboth and Meubar rivers
where they spend the dry season and the outlying lighty
wooded grasslands south of the Kangen river where they
spend the wet season (Fryxell, 1987: Frvxell & Sinclair,
1988b). Although numbers of white-eared kob appeared to
have declined to about 200,000 in 2001, the area still
supports large increasing or stable populations of eland
(Taurotragus oryx) (21000), rean antelope (Hippotragus
aquinus) (2000), readbuck {Redurnca arundinm) (29000)
and Lelwel hartebeest (Alcedaphus buselapfes lewel) (3600)
as well as several other ungulate species (USAIDS/TSDA
PASA, 2001). An aerial survey in 2007, however, sug-
pests that there has been no decline in white-eared kob
numbers from their 1980 levels (Mational Geographic
Spciety) ~ hitp:/! press nationalgeograp bic com/pressroom/



index. jsp?pagelD=pressReleases_detail&sitelD=1&cid=
1181653239588,

The BE of Sudan, the TE (Kahurananga & Silkiluwasha,
1997; Gereta et al., 2004, the Rukwa valley ecosystem
[RVE) (Vesey-Fitzgerald, 1960, the Kilombero wvalley
ecosystem (KVE) (Jenkins et al., 2002), ENP, as well as the
Sputhern Darfur transhumance ecosvstem (SDTE) of
Sudan (Wilson, 1977) function in a similar manner to
the Okavango Delta-Makgadikgadi-Savati-Chobe-Hwange
complex (OMSCH complex) of Botswana, which has
migrations between dryv-season grazing on the Okavango
Delta and Ewando-Linyante-Chobe floodplains and wet-
season gragng in the outlying woodlands and the saline
pan grasslands of Savuti and MPGR (Table 1; Fig. 2). The
OMSCH complex is a vast wildlife region that extends to the
MPGR 240 km to the south and hundreds of km eastwards
across into Hwange Mational Park in Zimbabwe as well as
into parts of the Caprivi strip in Namibia (Kwando-Liny-
ante-Chobe region) and north of the Caprivi strip into CAs
along the Zambezi dver in southern Angola and Zambia
(Fig. 2). This region supports the largest population of
elephant in Afdca (c. 130,000 and large populations of
Burchell's zebra, wildebeest, buffalo and red lechwe (Kobus
leche) as well as some of Africa’s last-remaining healthy
populations of eland, tsessebe (Damaliscus lunatus), sable
and roan antelope (Bonvongo, 2004). Some zebra popu-
lations have recently been found to be migrating 240 km,
spending the drv season on the floodplains of the Okavango
Delta and the wet season on the nutdtious short saline
grasslands of MPGR (Bartd am-Brooks, Bonyvongoe & Harrs,
in press). (ther populations of wildebeest and zebra also
use the saline grasslands of MPGR during the wet season
and migrate to the Botetl dver where they spend the dry
season (Kgatl & Kalikawe, 1993; Brooks, 20031, A large
zebra migration also occurs between the wet-season graz-
ing areas of the Mababe-Savuti depression and drv-season

grazing on the Kwando-Linvante-Chobe floodplains 70 km
to the north (Fig. 2:; Vandewalle, 2000; Owen-Smith,
200021, Both the Savuti and MPGR grasslands are short,
saline grasslands as indicated by a high proportion of
Sporobolus focdados (Trinm.) Mees in the sward (Venter,
Scholes & Eckhardt, 2003; Naz ¢t al., 20010). An important
pattern is that 8. jocledos and other saline-grasses such as
& spicatus (Vahl) Kunth are key dominants of the wet-
season grazing areas of SE (McMNaughton, 1983), KNP
(Khomo, 2003; Venter, Scholes & Eckhardt 2003), ENP
(WWTF/THC, 2008) and OMSCH (Brooks, 2003). Sodium
and phosphorus are important minerals for lactation
(Murray, 1993), and it appears that elevated concentra-
tions of these minerals in grasses growing in these saline
grasslands (McMaughton & Banyikwa, 1993; Murray,
1995; Grant & Scholes, 2006) makes them sought-after
wet-season grazing habitats for ungulates throughout east
and southern Africa (see Anderson et al, 2010).

In the light of the issues discussed in this paper, these
functional unfragmented CAs (BE, 5E, Selous-Miassa and
OMSCH complexes) are now critical areas of conservation
importance in Africa. Fragmentation of kev seasonal
habitats within these four great CAs must be prevented at
all costs; they are all that remain of the fully functicnal
wildlife areas that once characterized Africa. They, there-
fore, all warrant priodty in future international conser-
vation efforts  (e.g. research  focus, world heritage
conservation status, intemational support).

Conclusion and the way forward

A pattern that emerges from the examples presented in this
paper is that low-rainfall regions, where leaching of
minerals and nutrients is low, often support short, nutri-
tious (often saline) grasslands (see Anderson et al, 2010),
which form the kev wet-season range of many large

Table 1 Seasonal wet- and dry-season ranges of various African ungulate populations

Seasonal resource Habitat description

Graging ecosystem

Wondland

Wet zeason range

Low-rainfal]l grasslands (often saline)

High-rainfal]l grasslands
Floodplains and wetlands

Dry season range

BE, RVE, KVE, OMSCH, LE
OMSCH, EE, EE, SE, LE, MME, AKE, STE, SDTE

SE, LE, MME, AKE, STE
RVE, KVE, KE, OMSCH, BE, TE, SDTE, EE

AKE, Athi-Kapiti ecosystem; BE, Boma ecosystem; FE, Ftosha ecosystem; KE, Kgalagadi ecosystem; KVE, Kilombero valley ecosystem;
LE, Lowveld ecosystemn; MME, Masai-Mara ecosystem; BVE, Rukwa valley ecosystem; SDTE, Southern Darfur transhumance ecosystem;

SE, Serengeti Ecosystem; STE, Sahel transhumance ecosystem.



African ungulate populations (Table 1), Exclusion of these
nutrtious gragng regions from the home ranges of
ungulate populations is likely to negatively impact the
productivity  and  sustainability of these populations
(White, 1983; Cote & Festa-Bianchet, 2001; Cook ef al.,
2004; Bolger ot al., 2008; Parker, Barboza & Gillingham,
2009 Hoperaft, O & Sinclair, 2010), as observed in the
examples of MME, AKE and TE. Similarly, when the con-
centrations of protein and energy in forage have fallen well
below maintenance levels by the late dry season (Ellis &
Swift, 1988; Owen-Smith, 2007), ungulates seek to reduce
the rate of decline in body stores by moving to regions
supporting forage of adequate quality (Owen-Smith, 2002;
Parker, Barboza & Gillingham, 20091, Thus, high-rainfall
regions and floodplains, which provide some green grazing
in the late dry seasom (Vesey-Fitzgerald, 1960; Fryxell,
1987 McMNaughton, 1983), form important dry-season
ranges for many African ungulate populations (Table 1),
Large population crashes are often observed (especially
during droughts) when these dryv-season ranges are
excluded from the home mnges of ungulates ((wen &
Owen, 1980; Whyte & Joubert, 1988; Williamson,
Williamson & MNgwamotsoko, 1988; Gasaway, Gasaway &
Berrv, 199a), It is clear, therefore, that a large, stable
ungulate biomass in African CAs is dependent upon access
to short, nutrdtiows grassland in the wet season as well as
access to high-rainfall or floodplain grasslands during the
drv season, especially during droughts (Table 1).

With the highly fragmented distribution of Afdcan CAs
(e.g. Vanderpost, 2007) and the large areas required to
encompass the critical wet- and dry-season resources to-
gether with the corridors between them (e.g. the KI), it is
rare that all the seasonal resources in an ecosystem are
fully (or even partially) encompassed by CAs (see Bolger
et al, 2008; Melson, 2008; Newmark, 2008), Despite this,
Africa’s CAs were generally able to sustain large ungulate
populations in the past becanse human population densi-
ties were low enough to allow ungulates to migrate out-
side the CAs o their wet or dryv-season ranges, but
human populations have grown rapidly over the last
20 years (Mewmark, 2008; Ogum et al, 2009) and
migration outside CAs is becoming increasingly restricted,
and in many cases impossible (e.g. Cooke, 1983; Verlin-
den, 1997; Gichohi, 2000; Serneels, Said & Lambin, 2001;
Mewmark, 2008; Ogatu et al, 2009; Voeten et al., 2009;
Western, Russell & Cuthill, 2009),

Consequently, we can expect that, except for the few
remaining fullv-functional CAs in Africa, most of Africa's

CAs will exhibit declines to a new low-biomass, species-
poor equilibrium governed by small-scale, nonmigratory
dynamics (Fryxell, Greever & Sinclair, 1988; Rettie &
Messier, 2000); Owen-Smith, 2004; Fryxell e al, 2005;
Heldo, Holt & Fryxell, 2009; Parker, Barboza & Gilling-
ham, 2009 Hoperaft, O & Sinclair, 2010). Moreover,
loss of large migratory herds is predicted to have additional
undesirable feedback effects on ecosystem functioning such
as reduced rates of nutrient cycling, compositional changes
to less palatable species and reduced grassland productivity
[Aungusting & McMaughton, 1998; Frank, McMNaughton &
Tracy, 1998). In turn, changes in these ecosystem prop-
erties (grassland structure and productivity, Allee effect of
herd size on grazing behaviour, trampling, nutdent cvcling
and predation risk) may resalt in tree invasion (Rogues,
O'Connor & Watkinson, 2001; Mills & Fey, 20035; Estes,
Raghunathan & Van Vleck, 2008; Riginos, 2009) and an
ecosvatemn shift to a new low-forage-quality, high-preda-
tion-risk stable state [Augnstine & McNaughton, 1998
Frank, McMaughton & Tracy, 1998; Fryxell o al., 2007
Hoperaft, O & Sinclair, 2010) not suitable for wildlife con-
servation or ecotourdsm (Trevdte, Edwards & Suter, 2003),
The examples of KNP, CKGR, ENP, NNP, MMGE and
THF discussed in this paper exposes severe flaws in Afii-
can conservation strategy inherited from the colonial era:
merely proclaiming large areas of land as CAs without
thought given to critical seasonal habitats and corridors
may do little to conserve the ungulate ecology and eco-
svstem structure and functioning of that region. It is now
unequivecally clear that most formal CA's in Africa are
completely inadequate for conserving large productive
ungulate populations and that the future of wildlife in
Africa is critically dependent on landuse policies outside
the CA's (see also Melson, 2008). Thus, current conser-
vation strategies for Afdca need to be revised. Wildlife
conservation strategies must now adopt a socio-economic-
ecological framework (Melson, 2008; Reid o al, 2009)
Failure to adequately address socio-economic issues will
ultimately lead to habitat fragmentation and ecological
collapse in the region. A major internationally funded
initiative is urgently needed to conduct an in-depth
analysis of Africa’s CAs that identifies critical migratory
cortddors and key wet- and dry-season resources of
ungulates, current and potential threats © ungulate
movement between kev habitats and the degree of
fragmentation of habitats. This data can be used by con-
servationists to prioritize unfragmented CAs and look to
identify other wildlife regions in Africa where loss of



functicnality through habitat fragmentation can still be
reversed,

Three practical, socially and politically acceptable wavs
of reconnecting key habitats of ungulates in Africa could
be explored by conservationists: (i) Identify nonpriority
CAs, where there is no posaibility of restoring functionality,
which could be deproclaimed and exchanged for land in
crucial linkage /corridor areas in more functional CAs; (i)
Local communities living in corvidor areas could be
encouraged to convert ther region to community-based
natural respurce management areas (CBNEM) where they
derive income from tourism and hunting (see Nelson,
20M18). This has been succesafully achieved in areas linking
CAs in northern Botswana (Mbaiwa, 2004, 2003) and is
critical for the foture of African wildlife conservation
(Melsom, 2008): (iii) Sedentary cattle ranching in migra-
tory cortidors or seasonal resources mmst be avoided be-
canse sedentary  (but not mobile) pastoralism has a
destructive impact on ungalate populations (e.g. Wallgren
et al., 2009 Western, Groom & Worden, 2009). Grouping
all the catile in a region into fewer larger herds that track
spatial and temporal vadability of resources (transhuo-
mance) has been demonstrated to be beneficial to livestock
production and rangeland condition (Breman & De Wit,
1983; Fryxell & Sinclair, 1988a; McAllster et al., 2006)
as well as to wildlife populations (Wallgren et al., 2009;
Western, Groom & Worden, 2009),
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