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Th e spatial implications of incorporating viable populations into 

consHvation area selection procedures 

1. INTRODUCTION 

Although there is broad agreement about the need to conserve as much 

biodiversity as soon as poss ible, the most appropr iate mechanisl11 fo r achieving 

thi s objecti ve has a protracted history. Meyers (1990) and Reid ( 1998) suggested 

that the conservation of hotspots (areas high in spec ies richness, containing 

numerous endemic spec ies or vu lnerab le species) would conserve the 111 0st species 

In the small est area. These components are a lso frequently eva luated 

independentl y from one another (Gaston & D avis, 1994; Lombard, 1995; 

Mitterl11e ier el al., 1998; Reid, 1998). Tn contrast, Margules el al. (1988) argued 

that in order to preserve l11axil11um biological di versi ty in a give n area, every 

possible species shou ld be inc luded in conservation area network s. They 

suggested that the goal of biodiversit y rep resentat ion can best be ach ieved by 

employing iterati ve algorith l11 s that aim to represent all natura l features using the 

pri nciple of comp lementarity (Nicholls & Margules, 1993; Pressey et al., 1993). 

Wi lliam s el al (1996) effecti vely demonstrated how the complementarity 

approach was significantl y more land-use efficient at sampli ng reg ional features 

(spec ies) than richness hot spots or rarit y hotspots. 

Binary data (presence/absence) f0l111 the platform for most iterative studi es aimed 

at ident i fying representat ive conservat ion area networks (Nicholls & Margules, 

1993; Sretersdal el al., 1993; Wi ll iams el al .. 1996 ; Howard el al., 1998; Van 

Jaarsveld el al .. 1998). Since abundance data are generally unavailable for most 

species (Davis el al., 1990), the focu s in conservation area network design is 

freque ntl y to include at least one, or possibly 1110re, representat ions per species. 

Freitag and Van Jaarsveld (1995) used a criterion of 3-5 records per specIes, 

whereas Will iams el al. ( 1996) pursued at least 6 representat ions per specIes. 

More recent studies have aimed at incorporating noti ons of viable populations by 

se lecting increasi ng numbers of individuals us ing abundance data (Nicholls, 
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1998) or by add ing the criterion of viabi lity indirectl y into area -se lection methods 

(Wil liams, 1998). For example, at the prese lection step, one poss ible measure of 

viab ili ty - albeit very crude - is to only inc lude records w ith evidence of breeding 

(b reeding b irds - Wesse ls el 01., 1999). Furthennore, niche-based modelling of the 

local habitat su itab ility can be used to exc lude records fo r certain species from all 

areas w here they have a poor viability prognos is. Probabi lity mode ls can be used 

to seek out "v iabi lity centres" for required species by interpo lating the expec ted 

distr ibu tion of relatively well -known species and re latively wi despread species 

where spatia l in fo rmation is used to model some aspects of "niche space". In this 

manner expected distributions and the potential viab ilit y of species can be 

predicted fo r unsampled areas (Willi ams, 1998) . 

In the present study we aim to exam ine the spatial implicat ions of se lecting viab le 

populations of large herbi vo re spec ies (actin g as umb rella species) using the 

Kruger National Park an nual aerial census data. These census data were co ll ected 

in a spatially explicit man ner (Joubert , 1983; Viljoen, 1989; Viljoen and Ret ief, 

1994 : Viljocn . 1996). The aims of the study are ( I) to quantify th e spatial 

implications of jointly selecting viab le populations of 12 large herbivore species 

as opposed to sing le spec ies representations , (2) to eva luate the impact of habitat 

qual it y, and (3) the impact of va rying species densiti es on the distributi on patterns 

and spatial requirements of viabl e populations. 

2, METHODS 

a) S tudy a r ea 

The study area comprises the Kruger Nat ional Park (KNP) si tuated in the 

Northern and Mpumalanga Provinces of South Africa , encompass ing an area of 

roughl y 20 OOOkm'. It is situated in the Savanna bi ome of South Africa , and 

consists of seven different Savanna vegetation types (Low and Rebe lo, 1996). The 

mean annual rainfall for thi s area , measured over a period of 73 years ( 1919/20 -

1992/93), is 534mm. Long-term mean temperatu res in the Park range between 

15. 8°C and 29 .7 ° C over the same period of time (Zambati s and Bi ggs, 1995). 
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b) A nimal abundance aDd distribution data 

The present study inves tiga tes the spati al imp licat ions of selecti ng and 

incorporating large herb ivore populati ons into conservat ion area planning. Poi nt 

data obtained from the an nua l eco logical aeri al census for 12 unmanaged large 

herbivore populations in the K NP, that were obtained for the period 198 1- 1992 , 

were reclassi fied into gri d cell networks of 4km ' , 12.5km' and 25km' respec tively. 

The twelve large, unmanaged herb ivore spec ies occurring in the KNP used in the 

study, are impala (Aepyceros me/amp us), blue wildebeest (Collllochaetes 

wl/ril/us), zebra (£ql/us bl/rchelli), white rhi noceros (Ceralolheril/m s ill/um), 

giraffe (Ciraffa call/e/opardalis) , kud u (Trage/aphus slrepsiceros), sab le ante lope 

( f-lippolragus I/igel), eland (Ta urotragus oryx) , warthog (Phacochoerus 

aelhiopicIIS) , waterbuck (Kobus ellipsipry1l1I/us) , tsessebe (DamaliscIIs llll/allls) 

and the roan antelope (Hippolraglls equinus). 

c) Land classification systems 

Withi n the KNP a variety of differen tl y sca led land classificat ion systems have 

been developed , namely: land systems (Venter, 1990), land types (Venter, 1990) 

and landscapes (Gertenbach, 1983). These classi fications , together with 

vegetation types (Low and Rebelo, 1996), were employed to explore the spatial 

consequences of conserv ing viabl e popul ati ons of large herbivo res (Figure I). The 

land system classification (Venter, 1990), comprising 11 land systems was 

developed on the basis of geology, geomorphology and broad climatic attrib utes. 

These land systems were further c lass ified accordi ng to so il type, vegetat ion type 

and landform into 56 land types (Venter, 1990), with the land types nesti ng 

naturally within the borders of the land systems. Each land system comprises of 

between one and 12 land types. Thirty-fi ve landscapes (Gertenbach, 1983) were 

identified according to specific geomorphology, climate, soil, vegetation pattern 

and associated fau na. Vegetati on types (Low and Rebelo, 1996) are defi ned as 

those units that have a si m ilar vegetation structure, sharing important plant 

species and having similar eco logica l processes. 
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i) ii) 

Figure 1: i) The broadest scaled land classification system, vegetati on types, 

intersected with the 4km' grid cell netwo rk , and 

ii ) th e fin es t scal e land class ification system, land types, intersected 

with the 25km' grid ce ll network . 
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iii) iv) 

Figure I : iii ) Land systems , an intermediate scaled land classification system, 

intersected with the 12.Skm' grid cell network. 

iv) Landscape class ification intersected with the 12.Skm' grid cell 

network. 
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d) Scalin g 

In the present sllldy fine , intermedi ate and broad sca le grai ns were used (Wiens, 

1989), namely: a 4km' , a 12.5km' and a 25km' grid cell network. These grids cell 

networks were intersected with each o f the fo ur land classification systems 

respecti ve ly. usi ng Arc lnfoE G IS (ES R1 , Inc., Red lands , California, USA ). This 

res ulted in 12 scale combinat ions (Table I) , and fo r each of these, informa tion on 

th e area of every land c lassificat ion unit with in a particular grid cell. 

Tab le I : A summary of the sca le combinations used. 

Land type Land system 

Land type and 4km' grid Land system and 4km' grid 

Land type and 12.5km' grid Land system and 12.5km' grid 

Land type and 25km' grid Land system and 25km' grid 

Vegetation type Landscape 

Vegetation type and 4km' grid Landscape and 4km' grid 

Vegetation type and 12.5 km' grid Landscape and 12.5km' grid 

Vegetation type and 25km' grid Landscape and 25km' grid 

e) Po pulati on se lectio n 

An a lgo rithm was coded that se lects increas ing target population sizes of all 

herbi vo re species. and then quantifies the area of each land classification unit 

fortuitously inc luded by the se lection of these target populations (see Appendix 1 

for selection rules). The numbers of indi viduals se lected are related to the grid 

ce ll s in which they occur, and these grid ce ll s, in tu rn, are related to the area of 

each classi fication unit within the chosen grid cells. The study was not restricted 

to one poss ible MVP size, but ex tended to incorporate a spec trum of possib le 

popul at ion sizes. This was do ne in o rder to quantify the impact of increasing 
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popul ation sizes on conservat ion area se lection procedures . Populati on s izes of 

50, 100, 200. 500, 1000, 2000, 5000 and 10000 ind ividuals were used 

success ive ly. Each a lgo rithm was ru n 500 times for each of the 12 sca le 

combin ati on s, and fo r each of the fo ur years, in order to evaluate the outcomes 

stati st ica ll y . 

f) Habitat quality 

Ecologica l aeri al census data from fo ur years were used. Two years had an above 

average rainfa ll recorded ( 198 1, 198 5; X = 774mm) and two years had a below 

average rainfall ( 1983, 1992 ; X = 267mm). Thi s was to determi ne the poss ibl e 

spatia l e ffects of varying habitat quality on the spat ia l di stribution patte rns of 

these herbi vo re spec ies. 

To determine whether changes in habitat quality affec t the spati al di strib ut ion of 

individuals across the study area, we tested for signifi cant d ifferences between the 

data derived fro m the four years. As habi tat qua lity and spec ies density in one 

year in n uences fol lowing years, these data are not independent. Kendall 's 

Coeffi cient o f Concordance (Zar, 1996) was therefore used. 

W= L Rr - [L( Ri)2] I n 
[ M2 (n3 

- n)] / 12 

Correlat ion, or associat ion, between more than two variabl es can be measured 

nonparamet ri cally by Kendall 's coe fficie nt o f concordance. Ranks for each o f the 

vari abl es have to determ ined fro m freq uency di st ributions, and these distrib ution 

data ranked accordi ng to Kendall's method to obtai n Ri va lues, where Ri is the 

sums of ranks, Iv! is the number of variables being correlated and 1/ is the number 

of data po ints (number of classes in freq uency di stribution) per vari able. A W

value close to one indicates high concordance (associati on) between the different 

data sets, and the c loser thi s value gets to 0, the less association ex ists between 

the data sets. 
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