
I) Percentage viable populations 

Ultimately, the objective is to determine the number of species for which viable 

populations are included at various degrees of broad scale surrogate selection. Using the 

PARI algorithm, the mean number of individuals and percentages of species included in 

repeated analyses was determined. Population sizes of both 100 and 500 individuals were 

chosen as being possible minimum viable population sizes. Species with fewer than 100 

and 500 individuals respectively, were excluded from these analyses. Therefore, for 

comparative purposes the percentage of species for which viable populations were 

included are given, and not the number of species. This percentage is calculated as the 

number of species that reached \00 (or 500) individual s in a given selected area divided 

by the number of species consisting of at least 100 (or 500) individuals. Considering the 

fact that the same linear trend is exhibited at all three grain sizes and across all four land 

classification systems, these analyses were limited to six of the 12 scale combinations -

the finest and broadest grain sizes, intersected respectively with the vegetation type, 

landscape and land type classification systems. Only these results are di splayed and 

discussed. 

g) Effectiveness of surrogates for sampling regional biodiversity 

It has also been argued that the predictive relationship between surrogates and the target 

elements (e.g . spec ies) should preferabl y be demonstrated, and not just assumed (Pressey, 

1994; Williams and Humphries, 1996). Thus the question arises as to whether different 

taxa show similar patterns in relation to broad-scale surrogates, i.e ., whether different 

broad scale surrogates systematicall y differ in their ability to represent unsurveyed 

species. The data for the Kmger Park had to be extrapolated to the rest of the Savanna 

biome where species representation of various surrogates at a broader scale using existing 

presence/absence data of 7 taxa (mammals, birds, butterflies, termites, antlions, buprestid 

beetles and scarab beetles) was evaluated. Since these binary data are only available at a 

quarter degree grid square scale, and the landscape, land type and land system data only 

exists for the KNP, these analyses were just performed for the 25km2 grid square cell 

layer intersected with the vegetation type data. Only grid cell s for the Savanna biome of 

South Africa were used, since the KNP lies in this biome, and a true reflection would not be 
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obtained if data were to be extrapolated to the whole country, encompassmg all other 

biomes. All grid cells covering the Savanna biome were extracted from a database for the 

entire country, and these were used to select for increasing percentages of the biome. All 

areas currently protected were preselected, and areas were systematically added to this 

existing reserve network using the PAR algorithm with preselection (selection rules in 

Appendix C). The numbers of unique species per taxon included at each percentage 

vegetation type selection were calculated as well as the percentage that this number 

comprise of the total number of species per taxon found in the SaValll1a biome. 

3. RESULTS 

The PAR algorithm, that selects a specified percentage of a surrogate, generated outputs that 

can be spatiall y interpreted. For each spatial configuration of grid cells generated by the 

PAR algoritlun, the number of individuals per species occun-ing in these grid cells was 

detennined. 

Number of individuals 

When selecting for increasing percentages of a land classification system, a perceptible, but 

not stati stical , linear relationship between the percentage land classification (sun-ogate) and 

the number of individuals occurring in that area was found. This held true for all species, at 

all three grain sizes, across all fo ur land classificat ion scales and across all four years 

examined (e.g. Figure I (i - iv)). Figure I illustrates this pattern for 1992 for species ranging 

from low density, rare species (Roan antelope) to species occurring at very high densities 

(Impala) in the KNP. It can be seen that popUlation size does not considerably influence the 

observed linearity. The PARI algorithm was applied on the land type classification to 

establish whether changing the starting point of the algoritlun and subsequent selection rules 

will have an influence on this apparent linearity that exists between the percentage surrogate 

selected and number of individuals occurring in these areas. No difference was fowld 

between the results obtained from the PAR and PARI algorithms. 
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Figure 1: Number of individuals included at different degrees of land type selection for four species (1992 data) 
Species densities range from 79 individuals (Roan) to 104 300 (Impala) . 

Percentage individuals 

Since species occur at different densities across the landscape, the proponion of total 

individuals sampled (percentage of individuals) was also assessed. Again. the same linear 

trend was evident. Consequentl y, to conserve, for example, 50% of a given species, 50% of 

the area of each land type is needed (Figure 2 (i - iv)). Combined data for all 12 species are 

provided for each of the fOllr years (Figure 3) for the land type classi ficat ion system 

intersected with the 4km' grid cell layer (fmest spatial configuration). 
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Figure 2: Percentage individuals included at different degrees of land type selection for four sepcies (1992 data 
SpeCies densities range from 79 individuals (Roan) to 104 300 (Impala) 

Kendall's coeffic ient of vari ation was used to estab li sh whether the small difference 

observed between the data sets is stati sti cally significant, since thi s will indi cate whether 

environmental vari ation (measured by rainfall) influences species di stribution patterns. If 

a strong signifi cant association is found between the four data sets, it w ill be an indication 

that the inOuence of environmental variation upon species abundance and distribution 

patterns is neg ligible - there will be little difference in the number of indi viduals se lected 

in all four years and these figures will be stat isticall y correlated. 
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Figure 3: The average percentage of individuals ofal! 12 species combined, included at 

increasing percentages land type selection 

If, however, a strong significant concordance is not obtained, it would suggest that 

differences exists in either the distribution patterns of the species or in the densities at 

which they occur across the landscape under different environmental conditions. The 

concordance between the data sets in Figure 3 was found to be significant, though not 

strong with p < 0.05 and W-values ranging between 0.6 and 0.75 . This indicates that the 

concordance might be unsatisfactory as an indication of potential association between the 

four years. 

Percentage viable populations 

The mean number of individuals and percentages of species included in repeated analyses 

was determined. Population sizes of both 100 (Figure 4 (i - iv» and 500 (Figure 5 (i - iv» 

individuals were chosen as being possible minimum viable population sizes. Results for 

six of the 12 scale combinations are displayed in Figures 4 and 5. 

From Figure 4 it can be seen that irrespective of the scale combination used, at 40% 

surrogate selection all species have viable populations being conserved, where a viable 

population consists of I 00 individuals, except for the 1992 data set in Figure 4 (i). This 

52 

 
 
 



It 

• 

In ' ii) 

Land type and 4km' grid Land type and 25km' grid 

100 - - ~ 100 r - -
00 

~ 
80 .. • .!! 1J1 981 ~ 

~ ro u ro .1 983 8-• 0 1985 • 
'0 40 ~ 40 

~ 
0 ... 

20 
... 

20 

0 L,. 0 
'"" 10 20 ::0 40 50 10 20 ::0 40 50 

Percentage land type Pen:entage land type 

liii) (iv) 

Landscape and 4km ' grid Landscape and 25km' grid 

100 100 

.. 00 
D1981 

00 • ~ ~ u ro u ro 8- .1983 ~ 
0-.. 0 1985 • ~ 40 '0 40 0 

~ ... ... 
20 20 

0 L,. L,. L,. 0 L, L, 

10 20 ::0 40 50 10 20 ::0 40 50 

Percentage landscape Percentage landscape 

v) (vi) 

Vegetation type and 4km' grid Vegetation type and 25 km' grid 

100 100 

• 00 
'"ii19a1 .. 00 

.!! ~ 
y ro i ro ~ . 1983 0-.. 0 1985 .. 
'0 40 ~ 40 

~ 
0 ... ... 

20 20 

0 1.., 1.., L,. L,- 0 L,-

10 20 ::0 40 50 10 20 ::0 40 50 

Percentage vegetation type Percentage vegetation type 

Figure 4: Percentage of species for which viable populations (100 individuals) are included at different 
degrees of broad sca le surrogate selection 

53 

'Di981 
. 1983 

0 1985 

~ 

Ei1981 
.1 983 

01 985 

~ 

rc1981 
.1 983 

0 1985 

~ 

 
 
 



,,, 

I 

(i) 

Land type and 4km ' grid 

100 

ao • ~ 
I 00 

• 
~ 40 0 .. 

20 

0 ..., 
10 20 3l 40 50 

Percentage land type 

'im 

Landscape and 4km' grid 

100 

" 
ao 

~ 
u 6J ~ 
0. 

" '0 40 .. 
20 

0 
10 20 3l 40 50 

Percentage landscape 

'v) 

Vegetation type and 4km' grid 

100 

.. ao 
" '2 00 
0. .. 
'0 40 .. 

20 

0 L, L, 

10 20 3l 40 50 

Percentage vegetation type 

ICi981 
.'983 
D1 985 

~ 

'ii1981 
. 1983 

0 1985 

D 1992 

'c1961 
.1 983 

0 1985 

~ 

Iii) 

100 

ao 
" ~ U 00 8-
" - 40 0 .. 

20 

0 

(jv) 

100 

" 
ao 

~ 
u 00 " 0. 

" - 40 0 .. 
20 

0 

(vi) 

100 

.. ao 
" '2 00 
0. .. - 40 0 .. 

20 

0 

Land type and 25km' grid 

..., ..., 
10 20 3l 40 50 

Percentage land type 

Landscape and 25km' grid 

10 20 3l 40 50 

~centagelandscape 

Vegetation type and 25km ' grid 

-

..., ..., ..., ..., 
10 20 3l 40 50 

Percentage vegetation type 

Figure 5: Percentage of species for which viable populat ions (500 individua ls) are included at different 
degrees of broad scale surrogate selection 

54 

'a1ge1 
. ,983 

0 1985 

~ 

'a1ge1 

. 1983 

0 1985 

0 1992 

'a1ge1 

.1 983 

0 1985 

~ 

 
 
 



can be ascribed to the fact that the rainfall of the 1991192 climatic year is the lowest in 

the recorded history of the KNP (Zambatis & Biggs, 1995), and species numbers and 

densities were therefore very low during the 1992 census. The results obtained when the 

25km2 grid cell network is intersected with the land type and landscape classification 

systems respectively (Figure 4 (ii) and (iv» can be expected due to the way in which the 

area-selection algorithm works: the larger 25km2 grid cells increases incidental over

representation of smaller scaled land classification units, since these cells are large 

relative to the total size of the study area (only 50 25km2 grid cells in the KNP) and 

therefore the selected cells often contain untargeted replication of classification units. 

Consequently, when the algorithm selects for the specified percentage of each 

classification unit, a much larger area is thus actually selected and therefore larger 

numbers of individuals are fortuitously included in these over-represented areas than 

would be otherwise expected. This effect is less prominent when the vegetation type 

classification is used (Figure 4 (vi» , since this is a much broader scaled classification 

system (seven vegetation types vs. 35 landscapes and 56 land types) and the vegetation 

types fit into the large grid cells with less areas of unselected vegetation types being 

selected and therefore fewer individuals are incidentally included. When the 4km2 grid 

cell network is used, fewer individuals are included because the smaller classification 

units fit more neatly into these cells and incidental overrepresentation of units are 

minimised. The smallest number of species are adequately represented in Figure 4 (v), 

due the above mentioned factors . 

A much lower percentage of the species under consideration will have viable populations 

conserved in the selected areas when a criterion of 500 individuals per species is used to 

define a viable population (Figure 5 (i - vi» . Once again when the 25km2 grid cell 

network is used, over-representation of species can be observed in Figure 5 (ii) and (v) 

when this network is intersected with the land type and landscape classification 

respectively. This effect is less profound when the vegetation type classification is 

intersected with these larger 25km2 grid cells (Figure 5 (vi». In Figure 5 (i - ill) it can be 

seen that fewer species achieve viable population numbers in the selected areas, when 

land types, landscapes and vegetation types are intersected with the 4km2 grid cell 
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network. This can be expected, since the classification units fit more neatly into these 

smaller grid cells and little overrepresent at ion of land area will occur. Consequently 

fewer individuals will be over-represented. From Figure 4 and 5, it can thus be seen that 

scale indeed influences the results obtained in the present study, and that the right choice 

of scale is exceedingly important when conducting biodiversity surveys. 

Vegetation type as a surrogate of Savanna biodiversity 

The percentages of unique species per taxon included through the selection of increasing 

percentages of vegetation types in the Savanna biome are displayed in Table 2. The numbers 

of species represented through the percentages are given in brackets. From these numbers it 

is clear that the invertebrate databases comprise very little species - especially the databases 

for antlions and termites. 

Table 2: The percentage (and number) of unique species per taxon, occumng In the 

Savanna biome, at each percentage vegetation type selection. 

%Veg Antlions Birds Buprestid Butterflies Mammals Scarab Termites 

type beetles beetles 

10 17.9 (5) 85.5 (603) 52.5 (53) 59.4 (285) 66.5 (169) 42.1 (158) 69.6 (16) 

20 46.4(13) 86.3 (607) 55.5 (56) 58.5 (281) 72.1 (183) 42.1 (158) 87.0 (20) 

30 57.1 (16) 89.9 (632) 65.4 (66) 75.6 (363) 823 (209) 67.2 (252) 91.3(21) 

40 714 (20) 90.9 (639) 693 (70) 76.7 (368) 83.9 (213) 71.7 (269) 87.0 (20) 

50 75 (21) 913 (642) 71 .3 (72) 79.0 (379) 85.8 (218) 77.6 (291) 87.0 (20) 

From Table 2 it can be seen that the antlion and termite databases comprise very few 

species, but that considerable percentages of these species are included through the 

vegetation type selection, except for ant lions at the 10% selection level where only 5 species 

(17 .9"10) are represented. Generally, substantial proportions of all species are represented in 

the selected areas - even at the 10% level . 
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4. DISCUSSION 

Mathematically, the linear relationship between the area selected and the number (or 

percentage) of indi;yiduals occurring in that area will be expected when dealing with an area 

where individuals are either homogeneously (as in the KNP) or randomly distributed. 

According to Bayes theorem (Martin, 1967; Hartigan, 1983), when any number of 

individuals are randomly distributed across a landscape, and an area is randomly selected, 

(though a fixed percentage is selected each time) the relationship between area and number 

of individuals will always be linear. See Chapter 4 for further discussion and explanation of 

the concept of fixed percentage surrogate selection, and the implications that this has in 

terms of number of individuals selected. It is important to note here that if the conservation 

issue is about representing all species, a fixed percentage rule might be considered. If, 

however, one would want to conserve viable populations, and thereby secure the species' 

future, the fixed percentage rule appears to be inappropriate. 

Slight differences in the distribution of individuals between years with high rainfall and 

years with low rainfall were found . These results suggest that there is a difference in the 

spatial distribution pattern of herbivore species in response to habitat quality changes at 

the scales investigated here. In a study correlating animal distribution patterns to the 

availability of water, it was found that patterns differed between years with a high rainfall 

figure and years with comparatively low rainfall figures (Redfern, pers. comm.). 

Furthermore, when we tested for significant differences in species numbers across the 

four years (Chapter 2) it was found that environmental variation influences the 

distribution patterns of the large herbivore species investigated here. In the light of this, 

we can deduce that these data sets are statistically significantly correlated, but that this 

association (based on W values) is too small to be biologically meaningful at the scales 

used in this study. Hence, we can conclude that environmental variation marginally 

influences the distribution patterns of these large herbivore species when the number of 

individuals occurring in certain areas are compared between four different years. This does, 

however, not affect the linear relationship between percentage surrogate selection and 

number and percentage of individuals included, nor does it affect the considerable amount 

ofland needed to fully conserve these species at these scales. 
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Presence/absence data were used to determine the success of vegetation types as a surrogate 

for seven different taxa in the Savanna biome of South Africa. These taxa included well

studied taxa such as mammals (Mammalia), birds (Aves) and butterflies (Hesperioidae and 

Papilionidae) that have been frequently used in the past as biodiversity indicators 

(Woinarski et ai. , 1988; Sretersdal et al. , 1993, Howard et al., 1998), as well as less well

known taxa, including antlions (Myrmeleontidae), buprestid beetles (Buprestidae), 

scarabaeoid beetles (Scarabaeoidae) and termites (Isoptera) . It has to be noted that all these 

invertebrate databases are highly subjected to collector bias, low collection effort and 

taxonomic limitations (Hull et ai. , 1998) and that the quality of the databases are generally 

surprisingly and alarmingly poor (Koch et aI. , in press). The only available data for termites 

came from an incomplete set of published data from a systematic survey, and only about 

20"10 of antlion species are included in this database (Freitag and Mansell, 1997). The 

mammal database is fairly complete in the Savanna biome with consistent sampling effort 

covering most of the area under consideration. The birds, on the other hand, have been 

surveyed in all grid cells and all species are included (Van Jaarsveld et aI., 1998). 

According to the World Conservation Union some 10% of each of the world 's major biomes 

should be afforded formal protection by the year 2000 (WRI, 1994; Soule and Sanjayan, 

1998). It was suggested that this should be adequate in protecting most elements of 

biodiversity. If only 10"10 of the Earth' s ecosystems are protected it will endanger at least 

half of all terrestrial species and make them vulnerable to anthropogenic extinction in the 

near future (Soule and Sanjayan, 1998). Using the Savanna biome of South Africa to 

evaluate this assertion, we found that at 10% vegetation type selection on average only 55% 

of all species across the 7 taxa occurring in the Savanna biome are represented in the 

selected area (Figure 6). When moving on to the 50"10 selection level, more than 80"10 of all 

species are represented at least once. From these analyses it would seem that the vegetation 

type classification is not a successful surrogate at the scale of investigation, since only little 

more than half of the total number of species are represented, and this number is not a 

sufficient conservation effort. 
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Figure 6: The percentage of 7 faunal species included at increasing percentages 

vegetation type selection 

Furthermore, the concern should not just be to represent all species, but to actually conserve 

viable populations of species - and thereby secure their future. It was found in the present 

study that to conserve viable populations of the large herbivore species, 10% of the area is 

far from adequate, and nearly 50% of each land classification unit is needed to achieve this 

conservation goal. 

59 

 
 
 



REFERENCES 

Austin, MP. & Nix, HA. 1978. Regional classification of climate and its relation to 

Australian rangelands. In Studies of Australian Arid Zone. ill. Water in rangelands. 

K.M.W. Howse (ed.) pp9-17, Melboume:CSIRO. 

Awimbo, J.A, Norton, D.A & Overmars, F.B. 1996. An evaluation of representativeness 

for nature conservation, Hokitika ecological district, New Zealand. BioI. Conserv. 75, 

177-186. 

Bedward, M, Pressey, R.L. & Keith, DA 1992. A new approach for selecting fully 

representative reserve networks: addressing efficiency, reserve design and land suitability 

with an iterative analysis. BioI. Conserv. 62,115-125. 

Belbin, L. 1993 . Environmental representativeness: Regional partitioning and reserve 

selection. BioI. Conserv. 66, 223-230. 

Caughley, G. 1994. Directions in conservation biology. J. Anim. Eco!. 63, 215-244. 

Faith, D.P. and Walker, P.A. 1996. Environmental diversity: on the best-possible use of 

surrogate data for assessing the relative biodiversity of sets of areas. Biodiv. Conserv. 5, 

399-415. 

Franklin, LR 1980. Evolutionary changes in small populations. Pp. 135-149. In: 

Conservation Biology. An Evolutionary-Ecological perspective. Soule, M.E. and Wilcox, 

B.A (eds). Sinauer Associates, Sunderland, Massachucettes. 

Freitag, S., Nicholls, AO. & Van Jaarsveld, AS. 1996. Nature reserve selection in the 

Transvaal, South Afiica: what data should we be using? Biodiv. Conserv. 5, 685-698. 

60 

 
 
 



Freitag, S. and Mansell, M.W. 1997. The distribution and protection status of selected 

antlion species (Neuroptera: Myrmeleontidae) in South Africa. Afr. En/o. 5(2),205-216. 

Gaston, KJ. 1994. Biodiversity-measurement. Progr. Phys. Geog. 18, 565-574. 

Gaston, KJ. 1996. Species richness: measure and measurement. In: Biodiversity. A biology 

oflnlmbers and difference. Gaston, KJ. (ed.) Blackwell Science, Oxford. 

Gaston, KJ. and Blackburn, T.M. 1995. Mapping biodiversity using surrogates for species 

richness: macro-scales and New World birds. Proc. R Soc., Land. B. 262, 335-341. 

Gertenbach, WP.D. 1983. Landscapes of the Kruger National Park Koedoe 26, 9-121 . 

Ghilarov, A. 1996. What does biodiversity mean - scientific problem or convenient myth? 

TREE. 11(7), 304-306. 

Haila, Y. & Margules, c.R. 1996. Survey research in conservation biology. Ecography. 19, 

323-331. 

Hartigan. J.A. 1983. Bayes Theory. Springer-Verlag, New York, U.S.A. 

Holling, e.S 1992. Cross-scale morphology, geometry, and dynamics of ecosystems. Ecol. 

Monogr. 62(4), 447-502. 

Howard, P.e. , Viskanic, P., Davenport, T.R.B., Kigeny~ FW, Baltzer, M., Dickinson, CJ ., 

Lwanga, J.S., Matthews, R.A. & Balmford, A. 1998.Complementarity and the use of 

indicator groups for reserve selection in Uganda. Nature 394, 472-475. 

HulL HE., Freitag, S , Chown, S.L & Bellamy, e.L 1998. Identification and evaluation of 

priority conservation areas for Buprestidae (Coleoptera) in South Africa, Lesotho, 

Swaziland and Namibia. Afr. En/. 6(2), 265-274. 

61 

 
 
 



Koch, S.O., Chown, S.L., Davis, A.L.V., Endrbdy-Younga, S. & van Jaarsveld, A.S. 

Conservation strategies for poorly surveyed taxa: a dung beetle (Coleoptera, 

Scarabaeidae) case study from southern Africa. J Insect Conserv. In press. 

Lapin, M. and Barnes, B.V 1995. Using the landscape ecosystem approach to assess species 

and ecosystem diversity. Conserv. BioI. 9(5), 1148-1158. 

Low, A.B. and Rebelo, A.G. (eds.) 1996. Vegetation of South Africa, Lesotho and 

Swaziland. Dept Environmental Affairs & Tourism, Pretoria. 

Mackey, B.G., Nix, HA., Stein, J.A., Cork, S.E. & Bullen, FT 1989. Assessing 

representativeness of the wet tropics of Queensland World Heritage Property. BioI. 

Conserv. 50, 279-303 . 

Margules, C.R, Cresswell, J.D. & Nicholls, A.O. 1994. A scientific basis for establishing 

networks of protected areas. In Systematics and Conservation Evaluation. P.I. Forey, 

C.J. Humphries & R.J. Vane-Wright (ed.) pp. 327-350. Oxford: Clarendon Press. 

Margules, C.R. and Usher, M.B. 1981. Criteria used in assessing wildlife conservation 

potential: a review. BioI. Conserv. 43, 63-76. 

Martin, J.J. 1967. Bayesian decision problems and Markov chains. John Wiley and Sons, 

Inc., New York. 

McNab, B.K. 1963 . Bioenergetics and the determination of home range size. Am. Nat. 

97, 133-140. 

Nicholls, A.O. 1989. How to make biological surveys go further with generakised linear 

models . BioI. Conserv. 50, 51-75 . 

62 

 
 
 



Nicholls, A.O and Margules, C.R 1993. An upgraded reserve selection algorithm. BioI. 

Consem 64, 165-169. 

Noss, R.F. 1990. Indicators for managing biodiversity: A hierarchical approach. Consem 

Bioi. 4(4), 355-364. 

Pressey, RL & Nicholls, AO. 1989. Application of a numerical algorithm to the selection 

of reserves in semi-arid New South Wales. BioI. ConserI'. SO, 263-278. 

Pressey, RL, Humphries, c.J., Margules, C.R, Vane-Wright, R.I. & Williams, P.H 1993. 

Beyond opportunism: Key principles for systematic reserve selection. TREE. 8(4), 124-

128. 

Pressey, RL 1994. Land classifications are necessary for conservation planning but what 

do they tell us about fauna? In: Future of the fauna ~rwestem New South Wales. Lunney, 

D., Hand, S., Reed, P. & Butcher, D. (eds.) pp. 33-41. Mosman: Royal Society ofNSW. 

Sretersdal, M., Line, J.M & Birks, H.J.B. 1993. How to maximise biological diversity in 

nature reserve selection: Vascular plants and breeding birds in deciduous woodlands, 

Western Norway. BioI. Conserv. 66, 131-138. 

Soule, M.E. 1989. Chapter 1: Introduction. In: Viable pOp11lations for conservation. Soule, 

ME. (ed.) Cambridge University Press, Cambridge. 

Vane-Wright, RI. , Humphries, C.J. & Williams, P.H. 1991. What to protect? Systematics 

and the agony of choice. BioI. Conserv. 55,235-254. 

Van Jaarsveld, AS , Freitag, S , Chown, S.L, Muller, c., Koch, S., Hull, H, Bellamy, c., 
KrUger, M , Endrbdy-Younga, S., Mansell, MW. & Scholtz, C.H 1998. Biodiversity 

assessment and conservation strategies. Science. 279, 2106-2108. 

63 

 
 
 



Venter, F.J. 1990. A classification of landfor management planning in the Kruger National 

Park PhD Thesis. University of South Africa, South Africa. 

Wessels, KJ. , Freitag, S. & Van Jaarsveld, AS. 1999. The use of land facets as biodiversity 

surrogates during reserve selection at a local scale. Bioi. Conserv. 89, 21-38. 

Williams, P.R and Humphries, c.J. 1996. Comparing character diversity among biotas. In 

Biodiversity. (ed.) KJ. Gaston. pp 54-76. Blackwell Science, Oxford. 

Woinarski, JC.Z., Tidemann, S.c. & Kerin, S. 1988. Birds in a tropical mosaic: the 

distribution of bird species in relation to vegetation patterns. Aust. Wild/. Res. 15, 171-

196. 

World Resources Institute (WRI) 1993. World Resources Report 1993. Washington DC: 

World Resources Institute. 

World Resources Institute. 1994. World Resources 1994-1995. Oxford University 

Press, New York, pp. 152-153 . 

Zambatis, N. and Biggs, RC. 1995. Rainfall and temperatures during the 1991/92 drought 

in the Kruger National Park. Koedoe 38(1), 1-16. 

Zar, J.H. 1996. Biostatistical analysis . (yd ed). Prentice-Hall International , Inc. USA . 

pp. 407-445 . 

64 

 
 
 



Appendix A 

Percentage Area Representation (PAR) algorithm (Wessels et al. 1999). 

Written by Stefanie Freitag (1996). 

Selection rules are as follows: 

I . Choose a grid cell containing an occurrence of the smallest (in terms of area) 

vegetation type. If more than one type is equally small, choose the one which is also 

"database rarest" (i .e. there are the fewest polygons (records) of that type). 

2. If there is a choice of grid cells to represent this type, choose the one containing the 

biggest area of the type required to bring the representation of the type to the required 

level, i.e. the site which contains either the smallest percentage area necessary to 

achieve the required representation, or the one that contributes the largest percentage 

area of that type - if no one site will achieve the representation target. 

3. If there is a choice, select the grid cell that is nearest in space to one that is already 

selected (adjacency constraint). 

4. If there is still a choice, select the grid cell that also contributes the largest area of the 

next smallest under-represented type. 

5. If there is still a choice, select the grid cell that will add the biggest number of under

represented types. 

6. If there is still a choice, select the first in the list of types. 
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Appendix B 

Percentage Area Representation algorithm/or iterative selections (PARI). 

This algorithm was modified, using the previous algorithm (PAR), (Wessels et at. 1999), 

by Heath Hull (1998) 

Selection rules are as follows: 

1. Select a grid cell at random. 

2. If there is only one vegetation type present in the grid cell, select further grids until 

the required target level is reached - using the methods described for "rule 2" in 

Appendix A. If there is more than one vegetation type in the grid cell, select all 

vegetation types present in that grid (one at a time, but in no specific order) by adding 

further grids until all target levels for these vegetation types are met, using the 

methods described in Appendix A (rules 2 - 6). 

3. Go to the top of the file containing a list of all vegetation types (randomly arranged). 

Select the vegetation type to be fully represented next by choosing the type occurring 

at the top of the list. 

4. Select all types using the rules described in Appendix A (rules 2 - 6). Each time that a 

type is fully represented, the next to be represented is the one occurring at the top of 

the vegetation type list. 

All areas of vegetation types that are present in the grid cell chosen, other than the type 

for which the algorithm was selecting, are subtracted from the areas required to fully 

represent them, i. e. added to the area represented for these types as wei L 
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Appendix C 

Percentage Area Representation algorithm with preselection. 

Written by Stefanie Freitag (J 996), and modified by Heath Hull (1999). 

Selection rules are as follows: 

I . Preselect all grid cells currently under protection. 

2. Remove these girds form the input database, and store them in the Gridsel file . 

3. Determine the size of all vegetation types in the database. 

4. Choose a grid cell containing an occurrence of the smallest (in terms of area) 

vegetation type. If more than one type is equally small, choose the one which is also 

"database rarest" (i.e. there are the fewest polygons (records) of that type) . 

5. If there is a choice of grid cells to represent this type, choose the one containing the 

biggest area of the type required to bring the representation of the type to the required 

level, i.e. the site which contains either the smallest percentage area necessary to 

achieve the required representation, or the one that contributes the largest percentage 

area of that type - if no one site will achieve the representation target. 

6. If there is a choice, select the grid cell that is nearest in space to one that is already 

selected (adjacency constraint). 

7. If there is still a choice, select the grid cell that also contributes the largest area of the 

next smallest under-represented type. 

8. If there is still a choice, select the grid cell that will add the biggest number of under

represented types. 

9. [fthere is still a choice, select the first in the list of types. 
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