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2. Complementarity as a biodiversity indicator strategy 

Summary 

Richness, rarity, endemism and complementarity of indicator taxon species arc often used to select 

conservation areas, which are then assumed to represent most regional biodiversity. Assessments of the 

degree to which these indicator conservation areas coincide across different taxa have been conducted on 

a variety of vertebrate, invertebrate and plant groups at a national scale in Britain, Canada, thc USA and 

South Africa and at a regional scale in Cameroon, Uganda and USA. A low degree of spatial overlap 

among and within these se lected indicator conservati on arcas has been demonstrated. These results tend 

to suggest that indicator conservation areas display little congruence across different taxa. However, 

some of these stud ies demonstrate that many conservation arcas for indicator taxa captu re a high 

proportion of non-target species. Thus it appears that indicator conservation areas might samplc overall 

biodiversity efficiently. Thesc indicator conscrvation areas may, however, exclude species essential for 

effective conservation, e.g. rare, endemic or endangered species. The prcsent study investigatcd the 

value of indicator taxa as biodiversity surrogates using spatial congruence and representativencss of 

differcnt indicator priority conservation areas. The conservation status of species excluded by the 

indicator approaches is also assessed. Indicator priority conservation areas demonstrate high land area 

requirements in order to fully represent non-target spec ies. These results suggest that efficient priority 

area selection techniques must reach a compromisc bctwecn maximising non-target specics ga ins and 

minimising land-usc requiremcnts. Reserve se lection procedures usi ng indicator bascd complcmentarity 

appear to be approachcs which best satisfy this trade-off. 
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2. Complementarity as a biodiversity indicator strategy 

Introduction 

Concern over the rapid degradation of the world's biological resources and the implications for global 

biosphere integrity and human welfare is mounting. There is a widely recognised need to design 

appropriate policy and management strategies to conserve remaining biodiversity rcsources. The 

establishment of protected areas for in situ biodivcrsity conscrvation is one such management strategy. 

However, the effectivcness of ill situ conservation strategies depends on thc cxistence of adequate 

databases about thc distribution of species and other natural features. In addition, the need to minimise 

the costs associated with land acquisition and foregone opportunities for other land-uses when reaching a 

conservation goal requires efficient procedures for selecting minimum or near minimum sets of sites that 

represent these species or features (Kirkpatrick, 1983; Bedward et 01.,1992; Nicholls & Margules, 1993; 

Pressey et al., 1993 ; Freitag & van Iaarsveld, 1997). 

Balmford and Gaston (1999) argue that without high quality biodiversity inventories, 

representative conservation areas will be largcr than nccessary, thus increasing demands on already 

limited conservation resources. However, as a rulc ncither thc timc nor the resources required to survey 

all regional biodiversity are available. Thus the selection of representativc minimum-set conservation 

arcas often depends on substitute or surrogate biodiversity data which can be survcycd in a morc cost 

and time efficient manner (Noss, 1990; Vane-Wright et al., 1991; Ryti , 1992; Bclbin, 1993; Gaston & 

Williams, 1993; Pressey, 1994; Williams & Gaston, 1994a,b; Margules & Rcdhead, 1995; Pressey & 

Logan, 1994; Faith & Walker, 1996; Gaston, 1996b; Williams, 1998). Specics-based surrogacy 

approaches include using measures of species riclmcss, rarity, endemism or complementarity of onc or 

more groups of indicator taxa that have been wcll survcycd (Prendergast et aI., 1993; Lombard, 1995; 

Williams et 01., 1996; Flather et aI., 1997; Howard et al. , 1998; van laarsveld et 01., 1998). Thcse 

approaches assume that a species rich area, areas rich in endemics or complementary areas for indicator 

groups will be indicative of similar trends in unsurveyed taxa. Conscqucntly, priority conservation areas 

idcntified from survey data of one or two indicator groups are capable of conserving most regional 

biodiversity. 

Thcse assumptions of surrogacy require rigorous testing before their implementation. One route 

to assessing the val ue of potential indicator taxa is to quantify the degrcc to which spatial patterns of 

species richness, endemism, rarity and complementarity coincide across di ffcrent taxa (Prendergast el 

al., 1993; Lombard, 1995, Gaston, 1996a; Flather el 01.,1997). Although it seems that the distribution of 

well -studied taxa can act as indicators for the distribution of poorly studicd taxa at global and continental 

scales (Scott el 01., 1987; 1993; Pearson & Casso la, 1992), at fincr scalcs (e.g. national and regional) this 

assumption appears questionable. Prendergast et 01. (1993), and Prendergast and Evcrsham (1997) did 

not find gcneral support for the use of indicator taxa in thcir British studies, as specics richness hotspots 

(10 km' grid cell sets) for various vcrtebrate and invertebrate taxa did not coincide. Similarly in South 

Africa, Lombard (1995) demonstrated a lack of congruence of spec ies richness, cndemism and rarity 
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hotspots (sets of 26km x 26km grid cells) within and among six vertebrate taxa. Williams el al. ( 1996) 

found that bird richness hotspots were not efficient at representing all British birds, while Williams and 

Gaston ( 1998) using 10 km' grid cell richness data on British fauna agree that the value of indicator taxa 

for biodiversity conservation planning is far from established. Van laarsveld el al. (1998) discovered 

limited overlap between 26km x 26km grid cells selccted in South A frica using spccies richness, rarity 

and complementarity measures between various vcrtebrate, invertebrate and plant taxa. In a qualitative 

assessmcnt of richness hotspots for the USA and Canada for a variety of vertebratc, in vertebrate and 

plant taxa, Flather el al. (1997) found a genera l lack of ove rl ap between cross taxon hotspots. Lawton el 

al. (1998) found that no single vertcbrate or invertebrate taxon served as a good indicator for changes in 

species riclmess of other taxa with changing disturbance levcls in Cameroon. 

These results seem to suggest that at a scale relevant to practical conservation planning, the use 

of indieator taxa for biodiversity conservation has limited potential. However, although hotspots display 

little congrucnce among taxa and are less effic ient at reprcsenting the full complement of specics than 

complcmcntarity approaches (Ki rkpatrick, 1983; Margulcs el aI., 1988; 1994; Pressey & Nicholls, 1989; 

Bedward el aI. , 1992; Nicholls & Margulcs, 1993; Freitag el aI., 1997; Prcssey el al., 1997; van 

laarsveld el al. , 1998), conservation planning in the real world is only able to protcct a limited number of 

si tes (Reid, 1998). The question then is what proportion of overall divcrsity can be captu red in thcse 

conservation arcas identi lied by hotspot approaches. 

The previously mentioned studies appear to undermine the use of indicator groups, however, 

when viewed from an alternative perspectivc, priority conservation areas for an indicator taxon appear to 

sample overall biodiversity quite efficiently. Both Prendergast el al. ( 1993) and Lombard (1995) showed 

that a hi gh proportion of species was captured within priority areas for other taxa, ranging from 48 to 

100% (x = 80.4%) and 66 to 92% respectively. In Oregon, USA, complementary areas rcpresenting one 

taxon were good at representing the diversity of other terrestrial taxa (Unpublished data in Csut i el al. , 

1997). Similarly, Howard el al. ( 1998), using the approach developed by Williams el al. (2000), fo und 

that despite little spatial congruence in spec ies richness of a variety of taxa in Uganda, complementary 

areas chosen using information on one taxon effective ly captured overall di versity. Thus spatial overlap 

in areas based on species ri chness of different taxa may be an inadequate assessment of the val ue of 

across taxon biodiversity indicator value (Balmford, 1998; Howard el al. , 1998). Possibly measures of 

degrees of representativeness (how completely the reserve system includes the spccies pool of a region 

(Margul es & Usher, 1981)) of various taxa within indicator areas is a morc appropriatc mcthod of 

assessment. Arcas containing high levcls of divcrsity for one indicator taxon sclected by richness, rarity 

or complementari ty approaches are likely to include a diversity of habitats and therefore a large amount 

of diversity fo r other taxa (Reid, 1998). 

One shortcoming of thi s approach towards assessing thc value of indicator taxa is that although 

indicator derived conservation areas may capture a large amou nt of regional diversity they may be 
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nlJSsmg species essential for effective conscrvation, e.g. rare or endangered species. Consequently, 

richness hotspots may capture a high percentage of overall spec ies diversity, but many rare species do 

not occur in these hotspots (Prendergast ef aI., 1993). Red Data Book listed species and endemic species 

in South Africa wcre not well represented within hotpots (Lombard, 1995). The distributions of rare 

species were found to be not strongly nested within the di stributions of more widespread specics in a 

study on British birds (Williams el al., 1996). Endangercd species hotspots in thc USA rarely captured 

cndangered species of othcr taxa and at Icast half of the rarc species do not occur in hotspots in Australia 

and Britain (Curnutt et af., 1994; Dobson et aI., 1997) . 

The prescnt study investigated the across taxon value of indicator taxa using spatial congruencc 

and representativeness of riclmess hotspots, rarity hotspots as well as areas se lccted by complcmentarity 

based riclmess and rarity algorithms. 1n addition, a critical eval uation of the conservation status of 

spcc ies overlooked by indicator conservation areas was conducted. 

Methods 

Study area and databases 

The study area comprises the Northern Province of South A frica (Figure I), which rcpresents 

approximately 10% (122305 krn') of one of thc most biologically rich nations in the world (WCMC, 

1992). 1nformation on specics prcsence within 26krn x 26km grid cells (ca. 700 km'; n ~ 215) was 

collated for birds (Avcs), butterflies (Lepidoptera: superfamilies Hesperioidea, Papilionoidea) , manmlals 

(Mammalia) and vascular plants (Plantae) (Table I). These taxa are all well surveyed within the study 

area and reflect little survey bias (Harrison, 1992; Freitag & van laarsveld, 1995; Frcitag el al., 1998) 

with the possible exception of the butterfly dataset which contains the lowest number of records 

surveyed in the fewest grid cells (Table I). The buttcrfly dataset is the best available invertebrate dataset 

for the study region and has the additional advantage of being a taxonomically we ll-known group 

(Muller, 1999). Only endemic plant species (species that were not recorded outsidc of the former 

Transvaal Provincc) were included in the analyses, since the representation of all plant species sets 

unattainable formal conservation goals, rcquiring over 50% of the study area to represent all species 

once. All grid cells have been survcyed for plant species; however, only 88.4% of the grid cells contain 

endemic plant species (Table I). 

Priority cOl1servation area identificatioll 

Richness and rarity hotspots were identified within the study arca for all four taxa separate ly, as well as 

for all taxa combined. Richncss hotspots were defined as the 5% richest grid cells containing records for 

that particular taxon or group of taxa. Rarity hotspots were identified as grid cells containing rare spec ies 

defined by Gaston (1994) as the 25% species with the lowest abundanccs or number of distribution 

records (Williams et al., 1996). 
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o 100 200 300 400 Kilomders 

Figure I: Map of South Africa showing location of North em Province study area. 
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Table I: Species distribution data. 

Taxon Unique Unique species Rare species Endemic species Grids with 

records records 

Birds 49089 574 141 63 214(99%) 

Butterflies 2062 328 79 4 84 (39.1 %) 

Mammals 5218 214 56 183 (85.1%) 

Plants 2694 472 125 472 190 (88.4%) 

Combined 59063 1588 353 540 215 (100%) 
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However, from a conservation perspective it is the overall regional biodiversity that is of interest, not 

just the extremes of the diversity continuum rcprcsented within hotspots (Gaston, 1996a). For this reason 

the principle of complcmcntarity, which rccognises the identity of uni ts or species within grid cells, is 

included in this study. Complcmentary sets of grid cel ls representing all species at least once were 

identified using a rarity-based complementarity algorithm based on Nichol ls and Margules (1993) as 

well as a richness-based complementarity algorithm. These reserve selection procedures arc based on 

simple heuristic algorithms which proceed in a stepwisc fashion, adding grid cells on at each step that 

contain features most complementary to those in the grid ce lls al ready reserved. The algorithms are 

essentially similar, varying in their point of departure. The former starts with grid cells containing 

unique features and adds sites progressively according to which contains the rarest unrepresented feature 

(Nicholls & Margules, 1993). The richness-based algoritlull bcgins with the most species rich grid cell 

and seq uentially includes grid cells that add the most unrepresented species (Kirkpatrick, 1983; Howard 

el aI., 1998). These algorithms were run on all four taxa separately and then on all taxa combined. 

Spalial congruellce ill species diversily 

The dcgrcc of spatial overlap among conscrvation networks varies substantially, but consistcntly, whcn 

using different measures (Chapter 3). A measure of proportional overlap used by Prendergast el al. 

(1993) and Lombard (1995) provides thc most appropriate assessme nt. 

Proporlional overlap = N, / N, 

where: N, is the number of common grid cclls in a pair of pri ority areas and N, is the number of grid cells 

in the smallest priority set of areas containing data for both groups, i.e. the maximum number of 

overlapping grid cells possible. 

As pointed out by Pressey el al. (1993), Margules el al. (1994) and Williams el al. (1996), 

flexibility is an inherent characteristic of most complementary sets of areas. Thus perhaps measures of 

proportional overlap arc not suffi cient in comparing overlap between complementary sets. Few studies 

have been conducted on the similarities of sets of complementary areas based on differcnt taxa, 

providing limited evidence of similarities (Ryti, 1992; Saetersdal el aI., 1993; Vane-Wright el aI., 1994; 

Gaston el al., 1995). A method si milar to that of Williams el al. (1994) and Gaston el al. (1995), using 

the se lection order of grid cells for complementary sets as an indication of the grid ce ll 's diversity value 

(in terms of richness or rarity; and complementarity), is app li ed. The grid cells selectcd first would thus 

be assumed to have the highest diversity value. An evaluation of the sequenecs of grid cel ls selected for 

pairs of complementary sets allows for a comparison of patterns of between-taxon diversity. The 

selection orders of the ri ehness- and rarity-based complementary algoritluns were analysed by Pearsons 

prod uct moment correlations. 
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Species representation 

The number of species falling into priori ty conservation areas was calculated for each of the four taxa as 

well as fo r all taxa combined. The number of additional grid cells required to represent all taxa once was 

calculated. The perfonnanee of pri ority sets in representing overall diversity was evaluated followi ng the 

approach devcloped by Williams and colleagues. (Williams et aI., 2000), and subsequentl y employed by 

Howard et al. (1998). Thc manner in which cumulative pcrcentage species increased as a function of 

cumulative percentage grid cells selccted was detennincd. This was done for all indi cator groups, 

ri chness and rarity hotspots, as well as their complementary areas selected using riehness- and rarity­

based algorithms. 

Rare Gild endemic species representation 

The ability of the various indicator based priority conservation areas to represent rare and endemic 

species was investigated. Endemic butterfly, manmlal and plant species were defined as species 

occurring only within the former Transvaal provi nce and rare species as the lowest quartile of species 

based on distributi on records or abundances as in Gaston (1994) . There arc no birds restricted to the 

former Transvaa l provi nce, thus endemic birds were dcfined as birds occurring only in South Africa 

(Table I). The percentage rare and endemic species rcpresented within the priority conservation areas 

was calculated. The relationship between cumulati ve representation of rare and endemic species and the 

number of grid cells selected witbin each priority conservation area was examined using an approach 

simi lar to that of Williams et al., (2000). Thc rate at which species and especially rare and endemic 

species are represented within priority conscrvation areas could then be ascertained. 

Results 

Priority conservation areas 

Table 2 shows the percentage of grid ce ll s required for priority conservation areas based on all four 

indicator groups, as well as for all groups combined. The grid cell requirements for these conservation 

areas vary from 1.9% for the butterfl y ri chness hotspots to 81.9% for the bird rarity hotspots. In genera l, 

rarity hotspots required many grid cells whilc richness hotspots required fewer grid cells. The richness­

and rarity-based complemcntari ty networks contained almost identical numbers of grid cells. Thc birds 

and combined taxa required the most grid cells within the richness and rari ty hotspots while the 

combi ned taxa and endemic plants required the most grid cells withi n the richness and rarity-based 

complementary networks. 

Spatial congruence in species diversity 

The measure of proportional spatial congruence suggests a high degree of spati al overlap between pairs 

of priority conservation areas (Figure 2a), and a moderate degree of overlap among priority conservation 
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areas based on indicator taxa (Figure 2b). Ovcrlap between rarity-bascd complementary networks and 

rarity hotspots was highest, with overlap betwcen rarity-based complementary networks and richness­

hotspots being lowest (Figure 2a). Rarity hotspots and richness hotspots demonstrate the highest and 

lowest overlap between indicator groups, respectively (Figure 2b). Thc selection order of the 

complementary scts of grid cells showed no significant correlations between taxa. The richness- and 

rarity-based complementary networks based on the same taxa werc significantly positively correlated (r 

> 0.8; p < 0.05). 

Species representation 

The percentage of species captured in priority conservation areas was high (Table 2); ranging from 

59.2% for buttcrfly richncss hotspots to 99.9% for the richness hotspots based on all taxa combi ncd. 

This excludes the 100% rcprcscntation achieved by the riclmess and rarity-based algorithms run on all 

taxa combined, as these algorithms run until the targct representation of 100% of species is achieved 

(Table 2). Richness hotspots display the lowcst degrec of spccies representativeness (x = 75.2%) with 

rarity-based complemcntary networks, richness-based complementary networks and rarity hotspots 

displaying higher average spec ies representation percentages across all indicator taxa (x = 91.4 , 92.1 

and 96.3%, respectively). 

The additional grid cells required to represent all species at least once rangc from 0.5% for rarity 

hotspots based on all taxa combined to 39.1 % for butterfly richness hotspots (Table 2). The total 

pcrcentage grid cells required (i.e. grid cclls selected as part of priority conservation arcas and additional 

grid cells required to rcpresent all species once) are similar for the various priority conservation areas 

(ca. 41 %), with the exception of the rarity hotspots for all taxa combined and for birds (55.3 and 83 .7%, 

respectively) (Table 2). 

Although it would appear that thc pcrccntagc of spccies excluded by the priority conservation 

areas is low (Table 2), upon closer examination these spec ies are primarily rare and cndemic spccies. 

Out of the species from non-target groups excluded by the indicator priority conservation areas, on 

average 77.6, 76.5, 92.1 and 90.7% are rare and endemic species mi ssed by richness hotspots, rarity 

hotspots, riclmess-based complemcntary networks and rarity-based complemcntary networks, 

respectively (Table 2). From a different perspective, the richness hotspots, richness-based 

complementary networks, rarity-based complementary networks and rarity hotpots for indicator groups 

exclude on average 51.4, 21.7, 23.7 and 8% of the rare and endemic species from non-target groups, 

respectively (Table 2). 



Table 2: Results on efficiency, representativeness and rare and endemic species representation within the priority conservation areas selected 

Priority conservation % grid cell s % total species % additional grid % total grids % excl uded species % excluded species % rare & endemic % rare & endemic 
areas selected represented cell s to represent to represent that are rare & endemic that are common species represented species excluded 

all species a ll species 

Richness hotspots 
All taxa 5. 12 82.93 35.8 1 40.93 90.04 9.96 64.48 35.52 

Birds 5.12 77.90 35.8 1 40.93 9 1.45 8.55 53.28 46.72 
Butterflies 1.86 59.19 39.07 40.93 62.96 37.04 40.61 59.39 
Mammals 4.19 82.93 38.60 42.79 75.04 24.96 26.93 73.07 

Plants 4.65 73.24 36.28 40.93 68.47 3 1.53 57.64 42.36 
Average 4.19 75.24 37.12 41.30 77. 59 22.41 48.59 51.41 

Rarity hotspots 
All taxa 54.88 99.94 0.47 55.35 0.00 100.00 100.00 0.00 

Birds 8 1.86 99.69 1.86 83.72 100.00 0.00 99.27 0.73 
Butterflies 16.74 92.07 25. 12 4 1.86 93.65 6.35 82.82 17. 18 
Mammals 24.65 93.83 2 1.86 46.51 96.94 3.06 86. 17 13 .83 

Plants 24.65 96.03 16.28 40.93 92.06 7.94 91.56 8.44 
Average 40.56 96.31 13.12 53.67 76.53 23.47 91.9 7 8.03 

Richness algorithm 
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Figure 2: The degree of proportional overlap (mean ± s.e; n = 4): (a) between pairs of conservation areas 

generated by means of different prioritisation criteria (richness and rarity hotspots, richness- and rarity­

based complementarity algorithms), and (b) within conservation areas based on different indicator taxa 

(rich = richness, rare = rarity). 
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Figure 3 illustratcs the rate at which species arc represcnted within the priority conservation areas. Thc 

ini tial rate of representation is rapid, with an avcrage of 70, 87.9, 88 and 86.2% of all spceies 

representcd within Icss than 10% of the study arca for indicator richness hotspots, rarity hotspots, 

richness-based complementary networks and rarity-based complementary networks, respectively. The 

rate then slows dramatically as all priority conservation areas target thc representation of all species. 

The rate of representation of rare and endemi c species is lower than the rate ofrcpresentation for 

all species illustratcd in Figure 3. Thi s slower rate, with richness hotspots, rarity hotspots, riehncss-bascd 

complementary networks and rarity-based compl ementary networks respective ly capturin g 48.6, 71.6, 

74.7 and 75.3% of the rare species within 10% of the study arca, is demonstrated in Figure 4. The rate 

also slows further as full representation of all rare and endcmie specics is targeted. 

Discussion 

The results from the present study provide qualified support for the use of indicator taxa in the selection 

of representative conservat ion areas. The high levels of spatial congruence are encouraging, but due to 

the lack of general support from previous studies (Prendergast el aI., 1993; Lombard, 1995; van 

l aarsveld el al., 1998), thi s result should be intcrpreted with cauti on. The high levels of species 

representat ion within the indi cator priori ty conservation areas would appear to support Prendergast el al. 

(1993), Balmford (1998), Howard et al., (1998) and Reid, (1998) in their suggestion that conservation 

areas species rich for one indicator taxon may represent considerable diversity in other non-target taxa. 

However, within the species representation analyses as well as within the spat ial congruence 

assessments, the effect of conservation area size is often overlooked. An extensive indicator 

conservation area has a much higher probability of coinciding with another indicator conservation arca, 

and also stands a greater chance of capturing higher levels of regional biodiversity than restricted 

conservation areas. Thi s is obvious from the results where complementary networks and rarity hotspots 

(all large areas) coincide more with one another than with the smaller richness hotspots and also have 

higher species representation values, capturing more regional species diversity than smal ler richness 

hotspots. 

In accordance with findings by Lombard ( 1995) and Williams el al. (1996) richness hotspots 

contai n the highest number of species records per grid ce ll and thus would appear to be the most 

effective at representing large numbers of species within fewer grid cells. Taking the present limited 

state of financ ial and land resources for conservation into account, thi s is perhaps an important result. 

However thi s result is misleading and should be interpreted with caution. Altbough riciU1ess hotspots 

may appear to be the most efficient at representing ncar-max imum regional biodiversity in a minimum 

number of areas, thesc richness hotspots exc lude up to onc-quarter of the species in non-target groups 

and perhaps morc importa ntl y they excl ude half the rare and endemic spec ies in non-target groups (Tablc 

2; Figure 5). 
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Figure 3: Cumulative percentage representation of all four taxa (birds, butterflies, mammals and plants) 

and all taxa combined as a function of cumulative percentage grid cells selected by (a) richness hotspots, 

(b) rarity hotspots, (c) the richness-based complementarity algorithm, and (d) the rarity-based 

complementarity algorithm. 
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Figure 4: Cumulative percentage representation of rare and endemic species of birds, butterflies, 

mammals, plants and all taxa combined as a function of cumulative percentage grid cells selected by (a) 

richness hotspots, (b) rarity hotspots, (c) the richness-based complementarity algorithm, and Cd) the rarity­

based complementarity algorithm. 
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Figure 5: Tlu'ee-dimensional seatterplot of the land-usc efficiency and non-target species representation 

(including rare and endemic species) of richness hotspots, rarity hotspots and complementarity-based 

reserve selection algorithms, 
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Rarity hotspots represent species, as well as rare and endemic species, of non-target taxa very well, but 

this comes at a high land cost, requiring over 40% of the land available (Table 2; Figure 5). Thus it 

would appear that, as Pressey el al. (1993) and Williams (1998) argue, indicator complemcntary sets of 

grid cells arc perhaps the most cfficient conservation solution. These areas protect high levels of non­

target biodiversity (92%), missing only 20% of the rare and endemic species (a result similar to the very 

high level s attained by the land area costly rarity hotspots), in only half the area required by the rarity 

hotspots (Figure 5). 

Although these priority indicator areas appear to efficiently represent a large pcrcentage of 

regional biodiversity and thus perhaps support the notion of indicator taxa as valuable biodiversity 

sun'ogates, two important issues emanating from the present study remain problematic. First, attempts to 

achieve full reprcsentation of all known regional biodiversity wil l be expcnsivc in terms of land 

req uirements irrespective of which indicator approach is used. This is emphasised by the high number of 

grid cells (40% of the study region) rcquired to achieve 100% representation of all taxa within all the 

generated conservation areas. Also, representative networks can be very fragmented and scattered, as is 

the case with most of the current conscrvation areas and these highly fragmcnted or diffuse networks 

require intensive managemcnt and therefore demand high management costs (Bcd ward el al. , 1992). 

Second, although species missed by the indicator conservation areas represent a small fraction of 

the species known to occur within the region, th is small component is important in conse rvation terms. 

More than hal f of these excluded species arc rare and endemic, and add to the fact that a signi ficant 

portion of all the rare and endemic species within the region are mi ssed by the various indicator priority 

conservation networks. Thus, existing methods used to identify indicator priority conservation areas do 

not seem to be efficient at representing rare and endemic species across taxa and represent them at a very 

slow rate. Tllis obviously has significant implications for regional conservation planning, as it suggests 

that the rare and endemic taxa from different groups may be found in different areas (Dobson el al., 

1997). It also highlights the need to c larify conservation goals and to decide whether the goal of total 

species rcpresentation, or rare and endemic species representation is the most appropriatc one. 

Conclusion 

This study supports the use and importance of indicator taxa as surrogates for regional biodiversity. The 

occasional lack of cross-taxon congruencc between indicator conservation areas (overlap values 

generally being higher than 90% with values of 76 and 78% between richness-based complementary 

areas; and rarity and richness hotspots, respectively (Figure 2», is not sufficient to invalidate the use of 

indicators as surrogates. Hi gh level s of cross-taxon species representativeness within the indicator 

conservation areas (75-96%) seem to lend support to the assumption that areas of conservation 

importance to one taxon will capture high levels of di versity for non-target taxa. Although encouraging, 

thi s result does not extend to regionall y rare and endemic taxa (indicator areas excluding between 8 and 
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50% of rare and endemic species) and should therefore be implemented with cauti on. The exclusion of 

rare and endemic species highli ghts the need for some form of species specifi c conservation 

managcment. The lack of unqualified support for the indicator taxon strategy, the abscnce of completc 

biodiversity inventories and the lack of standard assessment techniques for indicator taxa as surrogates 

(Flather ef al., 1997) all raise important questions about the validity of the surrogate indicator approach. 

Hi gh level s of species representation, especially of rare and endemic spccics, appear to come at a 

cost, req uiring large areas of land ranging from 40 to 50% of the land available. Thi s tradc-off between 

land-usc effic iency and the represcntation of spccies, especially rare and endemic species, suggests that 

an indicator strategy that manages to rcach a compromise betwcen land-use rcquirements and species 

representation may be appropriatc. It would seem from these assessments that the complcmentarity 

indicator approach is sti ll the most efficient approach for maximising non-target species gains in the 

minimum area possibl e. 
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