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ABSTRACT

Despite being the focus of an international research effort spanning decades, the
spatial distribution of southern African scarab beetles remains poorly documented.
Besides reinforcing the magnitude of the challenge facing biodiversity scientists, this
raises real concerns about best practice conservation strategies in the absence of
detailed distribution information. However, dung beetles appear to be well
represented in established conservation areas. This apparent contradiction could be
ascribed to anthropogenic transformation, successful conservation efforts, the
presence of dung generalists and reserve-biased or mesic-biased dung beetle
collection efforts. It is suggested that all of the above contribute to the observed
pattern to varying degrees. The implications of selecting areas that are either rich in
species, contain rare species or contain taxonomically distinct species from a group
whose taxonomy is well known but for which inadequate distribution data exist are
explored. Best practice, in the face of inadequate data, appears to revolve around a
subtle interplay between advantages and disadvantages associated with data
interpolation techniques, reserve selection algorithms that use criteria more robust
than database rarity (such as taxonomic distinctiveness) and the long-term economic
costs of proceeding with the data at hand versus investing in biological surveys.

The use of biodiversity indicator taxa as distribution surrogates for poorly
known taxa has been widely investigated. The degree to which two groups of selected
mammal taxa found in four of South Africa’s provinces are representative of dung
beetle species found in this area is examined. Two iterative, complementarity-based
reserve selection algorithms are employed to determine 1) the proportion of dung
beetle species represented in reserves (= inclusiveness) selected for mammals only
and 2) the proportion of dung beetle species represented in the areas of overlap
between reserves selected for mammals and for dung beetles, respectively. The
performances of these two methods and of the two potential mammal indicator groups
are assessed and evaluated. The interpretation of these results is found to depend on
whether absolute or relative dung beetle inclusiveness values are considered.
Although the representation of absolute rather than relative numbers of dung beetle
species is more appropriate for practical conservation planning, relative figures
remove the effect of sample size and are thus useful indicators of how well a

particular biodiversity indicator or a given analytical method performs. In addition,
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dung beetle inclusiveness within the reserve networks generated by the algorithms is
contrasted with that obtained from randomly picked reserve networks. The resulting
observation, that the two do not differ substantially, implies that the mammals
perform poorly as biodiversity indicators for the dung beetles. However, the nature of
the particular databases that were used in these analyses may have biased the results
towards such an outcome. Despite the fact that dung beetle inclusiveness in the
reserves generated by the algorithms is similar to that in reserves generated by the
random draw method, the former is more useful since, unlike the latter, this method
ensures the selection of sites that are complementary to one another and hence

networks that are less fragmented.
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CHAPTER 1

Introduction
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“The most wonderful mystery of life may well be the means by which it
created so much diversity from so little physical matter. The biosphere, all
organisms combined, makes up only about one part in ten billion of the
earth’s mass. It is sparsely distributed through a kilometer-thick layer of soil,
water, and air stretched over a half billion square kilometers of surface. If the
world were the size of an ordinary desktop globe and its surface were viewed
edgewise an arm’s length away, no trace of the biosphere could be seen with
the naked eye. Yet life has divided into millions of species, the fundamental

units, each playing a unique role in relation to the whole.”

E.O. Wilson, 1993

Exactly how unique are the roles played by each species, i.e. should time and
money be invested in the conservation of as much biodiversity as possible, or does it
suffice to concentrate on a few selected species only? This question must be
addressed, considering the fact that the astronomical population growth of humans
across the globe and the consequent increase in consumption rates is resulting in
species extinction levels unprecedented for the past 65 million years (Fry and
Lonsdale, 1991; New, 1993; Richardson and Cowling, 1993; Wilson, 1993; Meffe et
al., 1997; Raven and McNeely, 1998). It has been argued that the demise of each
species should be of grave concern to all humans for reasons that can be classed into
four main categories: economic, ecological, ethical and aesthetic (McNeely, 1992;
Pressey et al., 1993; Margules et al., 1994; Kunin and Lawton, 1996; Raven and
McNeely, 1998). A closer examination of the arguments put forward in each of the
four categories (see Kunin and Lawton, 1996 and Raven and McNeely, 1998) reveals
that, in order to ensure sustainable use of natural resources and thus human welfare,
conservationists and policy makers need to be concerned with the protection of all
biodiversity (McNeely, 1992; Pressey et al., 1993; Margules et al., 1994; Kunin and
Lawton, 1996; Lugo, 1998), not just selected components thereof. A quote from
Kunin and Lawton (1996) portrays this position well: “Each species lost from a
community represents dozens of lost interactions, leaving a potentially gaping hole in
the ecological web.” Despite these facts, it is alarming that past and, to some extent,
present animal conservation efforts have been in favour of certain groups such as

mammals and birds, while groups like the invertebrates have received comparatively
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little attention, except when they have been of importance to humans (New, 1993;
Heywood, 1994; Hunter and Hutchinson, 1994; Samways, 1994; Vane-Wright et al.,
1994).

Insects are amongst the invertebrate taxa that have largely been neglected by the
conservation community, despite the fact that they form the greatest single part of the
world fauna, outnumbering all other groups in terms of numbers and species (Fry and
Lonsdale, 1991; Samways, 1993, 1994; Scholtz and Chown, 1993, 1995). More
importantly, insects perform critical functions as pollinators, seed dispersors and
drivers of nutrient cycling (Fry and Lonsdale, 1991; Ehrlich, 1992; Samways, 1994;
New and Yen, 1995), they act as natural controls for some invertebrate pest species,
and they provide a food source for many vertebrates (Lonsdale, 1991b; New and Yen,
1995), all of which make them an essential component of biological and ecological
processes. Furthermore, because insects respond to landscape disturbances, they have
proved to be useful as environmental monitors (Pearson and Cassola, 1992; Kremen et
al., 1993; New, 1993; Samways, 1993, 1994; Oliver and Beattie, 1995; Scholtz and
Chown, 1995). Given these facts, Samways (1994) emphasises that insect
conservation is vital for the maintenance of sustainable agriculture as well as a
sustainable biosphere.

In view of limited resources and the competition from other forms of land use, it is
essential that conservation be conducted in a manner that maximises biodiversity
gains derived from each conservation action (Pressey et al., 1993; Beissinger et al.,
1996; Freitag et al., 1996; Flather et al., 1997). To this end, numerous iterative
conservation area selection algorithms, based on the principle of complementarity,
have been developed to identify systems of protected areas that, through step-wise
procedures, capture all species in an efficient, flexible near-minimum set of sites
(Vane-Wright et al., 1991; Bedward et al., 1992; Nicholls and Margules, 1993;
Pressey et al., 1993; Pressey et al., 1994; Freitag and van Jaarsveld, 1995; Lombard,
1995a,b; Pressey et al.,, 1997). These algorithms have proved to be invaluable tools
for conservation planners, and different algorithms that suit the particular needs of the
user exist. However, the results obtained from such algorithms are dependent on the
quality of the datasets on which they are run (Freitag et al., 1998a). To a greater or
lesser degree, distribution data invariably suffer from spatial bias. Collection efforts
are often biased towards conveniently accessible areas such as around major towns or

cities as well as reserves (Davis et al, 1990; Stork, 1994; Freitag et al., 1998b),
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whereas more remote areas tend to be under-sampled (e.g. Drinkrow and Cherry,
1995; Gelderblom et al, 1995; Lombard, 1995b). This results in the selection of
conservation networks by the algorithms that exclude sites in which species are found
but which have not been surveyed. Similarly, when presence-only data are used, the
results obtained from complementarity procedures are not optimal because species
that are not recorded in a particular site are assumed to be absent from that area. For
these reasons, the assumption that sites selected by algorithms are more valuable to
conservation planning than unselected sites is a general shortcoming of heuristic
algorithms. This problem is discussed by Pressey et al. (1997). It is, therefore,
imperative that the limitations of databases used in conservation area selection
exercises, and conservation planning in general, are known and taken into
consideration when results are interpreted. In addition, inaccuracies and uncertainties
within a database that stem from errors made during the compilation stage can be
minimised by following a few simple guidelines such as those provided by
Richardson (1994).

Consequently, conservation area selection procedures are most effective if up-to-
date, detailed distribution databases are used. However, because such databases often
do not exist or are incomplete and outdated, especially where smaller, less
“charismatic” species are concerned, and because the gathering of such data is often
not feasible from both a time and a monetary point of view, the use of indicator taxa
has been promoted (Pearson and Cassola, 1992; Vane-Wright et al., 1994; Williams
and Gaston, 1994; Oliver and Beattie, 1995; Flather et al., 1997; Howard et al., 1998).
The most appropriate indicator taxon to be used as a biodiversity indicator (sensu
McGeoch, 1998) depends on the particular situation at hand. Usually, a group of taxa
whose distributions are better known or easier to acquire than those of the target taxon
and whose taxonomy is sound would be employed (McGeoch, 1998). The
biodiversity indicator, whose use relies on a predictive relationship between it and the
more poorly studied target group (McGeoch, 1998; Pimm and Lawton, 1998), is
indicative of distribution patterns of the target group in a specified area (McGeoch,
1998).

The conservation of dung beetles (Coleoptera, Scarabaeidae) in South Africa and
Namibia (Fig. 1) forms the topic of this dissertation. Although these insects have

been relatively well studied in southern Africa, compared to many other insect groups,
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Figure 1. Map of Africa showing the study areas: South Africa and Namibia.
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they have not featured in conservation plans. This is despite the fact that these beetles
play a crucial environmental role by breaking down dung and recycling plant nutrients
and organic matter found in dung (Lonsdale, 1991a; Scholtz and Holm, 1996). The
rapid and efficient disposal of dung, produced by domestic as well as wild herbivores,
plays an important nutrient cycling role in ecosystem function. In the absence of this
nutrient recycling, layers of dung would quickly accumulate on grasslands, resulting
in a progressive decline of their productivity and increases in dung-breeding insect
pests (Waterhouse, 1977; Lonsdale, 1991a). In this dissertation, the distributions of
509 dung beetle species were obtained from various sources and employed in
conservation planning analyses. The current conservation status of dung beetles
within Namibia’s and South Africa’s existing reserves was assessed, and additional
potential conservation areas for the beetles in these two countries were identified with
the use of two complementarity-based algorithms as well as species richness hotspots;
the use of the complementarity-based methods versus the hotspot approach for the
conservation of these beetles was evaluated. A quality assessment of the dung beetle
dataset was taken into conéideration during the interpretation of these results. In
addition, the use of mammals, an intensely researched taxon, as a possible indicator
taxon for dung beetles in four of South Africa’s provinces was assessed. Two
selected mammal datasets were used, and two complementarity-based methods
employed to determine the degree to which mammal distributions represent dung
beetle distribution patterns. The performances of the two mammal datasets were
compared, and the two analytical approaches were contrasted and evaluated.

Attached at the end of this dissertation are two manuscripts that emanated during

the course of this study and which made use of the dung beetle data cellected for it.
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CHAPTER 2

Conservation strategies for poorly surveyed taxa: a
dung beetle (Coleoptera, Scarabaeidae) case study

from southern Africa ~

" Ms. in review: Koch, S.0., Chown, S.L., Davis, A.L.V., Endrédy-Younga, S. and
van Jaarsveld, A.S. Conservation strategies for poorly surveyed taxa: a dung beetle
(Coleoptera, Scarabaeidae) case study from southern Africa. Journal of Insect

Conservation.
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Introduction

Increasing human impact on natural ecosystems has resulted in the degradation of
many habitats to simpler systems (Vane-Wright ef al., 1991; Ehrlich, 1992). This
reduction of intact habitats and increasing competition with alternative land uses is
decreasing the options for biodiversity conservation (Peters and Darling, 1985;
McNeely, 1992; Pressey et al., 1993; Richardson and Cowling, 1993). In response, a
global effort is underway to maximise the conservation of biodiversity in
representative area networks (Davis et al., 1990; Pressey et al., 1993; Margules et al.,
1994; Lombard et al., 1995). Part of the rationale underlying this current effort is the
realisation that past species-specific efforts have not been sufficient for conservation
of a broad array of taxa (Heywood, 1994; Hunter and Hutchinson, 1994; Drinkrow
and Cherry, 1995). Nonetheless, in many cases, conservation prioritisation continues
to be biased towards vertebrates (Hunter and Hutchinson, 1994), despite the
importance of other taxa in terrestrial systems, such as insects (e.g. Janzen, 1987; Fry
and Lonsdale, 1991; Gaston, 1991; Ehrlich, 1992; New, 1993; Samways, 1993, 1994;
Scholtz and Chown, 1993, 1995; McGeoch, 1998). In consequence, reserves and
national parks have generally not been designed for the conservation of invertebrate
taxa, and this trend seems to be continuing. However, formal conservation areas do
contribute towards the conservation of invertebrates (Samways, 1994), but the extent
to which these animals are represented within such areas is not well known. As a
result, the efficacy of protected areas for invertebrate conservation remains poorly
assessed.

In the present study, we investigated the representativeness of existing protected
areas in South Africa and Namibia for the conservation of dung beetles (Coleoptera,
Scarabaeidae), a diverse insect taxon (see Scholtz and Holm, 1996). We did this in
three ways. First, we evaluated the spatial congruence between the existing reserve
system and conservation area networks selected for dung beetles using our database
and iterative, complementarity-based reserve selection algorithms. Second, we
calculated the proportion of overall dung beetle species richness (obtained from a
compilation of collection records from taxonomic reviews and museum specimens),
captured by quarter degree grid cells with 25% to 100% of their surface areas
represented in reserves. Third, we determined the number of grids required to
represent all dung beetle species using the selection algorithms but with pre-selection

of grids whose area is partly or completely under formal protection.
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Dung beetles were chosen for this study for three reasons. First, southern
African dung beetles have been intensively researched, and a large, comprehensive
reference collection for these species has been compiled, predominantly by the Dung
Beetle Research Unit (DBRU) and the Transvaal Museum. The DBRU, whose
establishment in Pretoria (South Africa) in 1971 was funded by the CSIRO (Australia)
and the Australian Meat Research Commission, conducted an intensive, wide-ranging
dung beetle collection program until its closure in 1986 (Bornemissza, 1976;
Waterhouse, 1977). Hence, distribution data for these beetles is routinely assumed to
be relatively complete and up-to-date compared to many other southern African insect
groups (an assumption we also test). Second, because many dung beetle species are
specialised to feed on particular dung types (Davis, 1994), especially those of large
herbivores, we assume that they should be well represented in current reserve
networks that were primarily established for the conservation of large herbivorous
mammals (Infield, 1988; Siegfried, 1991). Finally, these beetles, which are found in a
variety of southern African habitats ranging from dry, arid to moist tropical areas, are
important contributors to ecosystem functioning, especially in summer (Waterhouse,

1977; Davis, 1996; Scholtz and Holm, 1996).

Methods

Presence-only, species-level distribution data (from 1900 onwards) for the
majority of the Scarabaeidae from South Africa and Namibia (excluding Lesotho and
Swaziland) were obtained from published records (Paschalidis, 1974; Ferreira, 1978;
Holm and Scholtz, 1979; Mostert and Holm, 1982; Davis, 1986; Howden and Scholtz,
1987; Scholtz and Evans, 1987; Scholtz and Howden, 1987a,b) and from museum
specimens held at the Transvaal Museum (Pretoria, South Africa) and the National
Collection of Insects (NCI) (Pretoria, South Africa). Five hundred and nine species
belonging to 59 genera were examined (total of 7819 distribution records). Since the
precise latitude and longitude of the point localities were not always given, these co-
ordinates were identified with the aid of gazetteers and 1:500 000 maps of the two
countries. Furthermore, each distribution data point was assigned to a quarter by
quarter degree (15' x 15' = 25km x 25km) grid cell, and analyses were carried out at
this level of generalisation. A few ‘undated records’ present in the data set (1.3%; n =

106 records) were retained for the final analyses.
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A preliminary temporal evaluation of these data was performed to assess the
number of unique records per species (i.e. abundance of species was not taken into
account) recorded during each decade from 1900 — 1992. This revealed that the bulk
of the records in the database came from more recent collections made after 1969.
Based on this assessment, as well as our understanding of collection effort (see
discussion), pre-1970 data were considered ‘old data’ (including undated records),
whereas data from 1970 on were considered ‘new data’. Comparative analyses were
carried out on the complete data set and on ‘new data’ only to determine the influence
of collector bias on conservation assessments.

Record density maps for the complete data set as well as the ‘new data’ were
generated by summing the number of unique localities per species in each grid cell.
These maps were used to assess the degree of spatial bias contained in the database as
well as the spatial coverage of the dung beetles.

Scarabaeid species richness in South Africa and Namibia was determined by
summing the number of species found within each grid cell, and richness hotspots
were identified as the top 5% of grids ranked by species richness. The relationship
between record density and species richness was established to test for collector bias
in the database.

Two complementarity-based, iterative reserve selection algorithms were used in
the present study to generate potential conservation area networks for the dung
beetles. These algorithms identify a system of areas that capture all species within the
database at least once in the minimum possible number of grid squares. The first
algorithm follows the rules of Nicholls and Margules (1993) and is based on database
rarity, i.e. sites initially selected by the algorithm are those that contain the ‘rarest’
species with the fewest records in the database. This algorithm was run on the
complete data set as well as ‘new data’ (post - 1969) only. Outputs were compared
spatially to evaluate the potential for bias emanating from old data. The second
algorithm employed is a variation of the composite rarity-based iterative reserve
selection (CRIRS) algorithm formulated by Freitag et al. (1997). It uses the relative
taxonomic distinctiveness (RTD) of species to prioritise the order of species

representation, targeting sites containing species with the highest RTD scores first.
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These scores were calculated for each species using the following formula (Freitag

and van Jaarsveld, 1997):
1
RTD = [(Fxgxys) (Eq. 1)

where f is the number of regionally (South Africa and Namibia here) represented
families in the order to which the taxon belongs, g is the number of regionally
represented genera in the family and s is the number of regionally represented species
in the genus to which a certain species belongs. The higher the RTD score of a
species, the more taxonomically distinct it is. The rarity and taxonomic distinctiveness
algorithms were compared in terms of their land use efficiencies, which were

calculated as follows (Pressey and Nicholls, 1989):

X
Efficiency =1 - T (Eq. 2)

where X is the number of grids needed to represent all species a required number of
times and T is the total number of grids in the area under consideration. Efficiency
increases as X decreases.

Percentage overlap of the grids selected by the two algorithms, with existing
protected areas was determined using the Jaccard coefficient (Gotelli and Graves,

1996), which is calculated as follows:

Jaccard coefficient = x 100 (Eq. 3)

(Ni+ N2— Ne)
where N| and N, are the number of grids selected in two analyses and N, is the
number of grids common to N, and N,. In addition, the spatial coincidence of the grids
selected by (1) the rarity algorithm, (2) the taxonomic distinctiveness algorithm, and
(3) species richness hotspots was assessed using the Jaccard coefficient.

To determine the extent to which formal conservation areas protect dung beetle
richness, the percentage of all dung beetle species (in the database) included in grid
cells with > 25%, > 50%, > 75% and 100% of their area included in formal
conservation areas was calculated. As a second means of assessing the adequacy of
existing South African and Namibian reserves for the protection of dung beetle
species, the rarity and taxonomic distinctiveness algorithms were run using four pre-
selection constraints (grids containing distribution data and are > 25%, > 50%, = 75%
or 100% protected are initially selected). Taking into account the species contained in

pre-selected grids, additional grids (with no protection) are then systematically added
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to achieve full beetle representation. The efficiencies of the two algorithms were
compared in terms of the number of additional grids required to achieve full species

representation.

Results

From 1900 to 1969, the number of unique records per species per decade
remained low, reaching a maximum of 133 records collected between 1960 and 1969.
A large increase in the number of records (8448) was observed during the 1970’s,
followed by a substantial decline in subsequent years (Fig. 1). The dramatic increase
in survey effort in the 1970’s was primarily due to the unparalleled beetle collection
efforts of the CSIRO Dung Beetle Research Unit (collection presently housed in the
National Collection of Insects - Pretoria, South Africa) and the Transvaal Museum.
Prior to this intensive effort, distribution data were collected on an ad hoc basis by a
number of different people. Hence, these early records can be expected to suffer more
from variations in sampling intensity and spatial bias than later ones. Consequently,
survey bias most likely occurred before 1970, and therefore we evaluated the impact
of pre-1970 data on beetle conservation area assessments.

Applying the routinely employed, rarity-based conservation area selection
algorithm to the ‘new data set’ (post-1969) and the ‘complete data set’, resulted in a
marginal decrease in land-use efficiency from 86 to 92 grid cells. A spatial overlap of
82% (Jaccard coefficient) was achieved between the two generated conservation area
networks. Furthermore, a comparison of the record density maps of the two datasets
revealed that there were only slight differences between the two, and only nine
species (1.8% of 509 species) were excluded from the ‘new data set’ and. Thus, pre-
1970 data had limited influence on the outcome of conservation area assessments,

which is why the complete data set was employed during all subsequent assessments.
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Figure 1. Number of unique dung beetle distribution records per species per decade (1900-1992).
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The 92 grid cells selected by the rarity algorithm to achieve total species
representation (Table 1) are evenly spread throughout Namibia, while in South Africa
there is evidence of clustering of grid cells in Gauteng and the Northern Province as
well as in the north of Kwazulu Natal (Fig. 2a). In the Karoo region of South Africa,

the beetles are clearly under-represented.

Table 1. Spatial implications of employing different conservation area identification
procedures on South African and Namibian dung beetle data (figures in parentheses

indicate total number of grid cells selected).

Rarity Richness Taxonomic
algorithm hotspots distinct.
algorithm
1) No. of grid cells selected 92 49 95
2) Efficiency of algorithm 0.972 - 0.971
3) No. of species represented 509 379 509
4) Proportion (%) of species represented 100 74 100
5) No. of additional grid cell
required to represent all
species after pre-selection
of grid cells that are
> 25% protected 64 (208) - 65 (209)
> 50% protected 76 (169) - 77 (170)
> 75% protected 79 (145) - 81 (147)
100% protected 81 (125) - 85 (129)
20
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Figure 2. Priority conservation areas generated for the dung beetles in South
Africa and Namibia using a) the rarity algorithm and b) the taxonomic
distinctiveness algorithm.
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To represent all the scarabaeids examined here, the taxonomic distinctiveness
algorithm required three more grid cells than the rarity algorithm (Table 1), the
conservation area networks selected by these two algorithms (Fig.’s 2a,b) being
similar, with a spatial overlap of 81.5% (Table 2). However, the sequence with which
grid cells were added to these respective networks differed considerably (see Table 1,

Appendix 1).

Table 2. Coincidence of conservation areas identified using different conservation

area identification procedures for South African and Namibian dung beetle data.

Percentage overlap (Jaccard coefficient

Rarity Richness Taxonomic
algorithm hotspots distinct.
algorithm
Conservation area
identification procedure
(complete data set)
- Rarity algorithm - 23% 81.5%
- Richness hotspots - 18.3%

- Taxonomic distinctiveness -

algorithm

Of the 92 grids selected by the rarity algorithm, 50 (54%) were found to
coincide with grids that have some form of formal protection. Likewise, of the 95
grids selected by the taxonomic distinctiveness algorithm, 53 grids (56%) overlapped
with grids that are, to some degree, formally protected. Grids with their total surface
area protected captured some 166 dung beetle species (36% of the total species
richness in the database), whereas those with 75%, 50% and 25% protection captured
208 (41%), 253 (50%), and 366 (72%) species, respectively.

The number of additional sites required to represent all species in South Africa

and Namibia after pre-selection of grid cells containing different degrees of protection
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is presented in Table 1. For both the rarity and taxonomic distinctiveness algorithms,
these values increased as grids containing increasing conservation coverage were pre-
selected. Overall, however, fewer grids were needed to protect all species as
conservation coverage increased (see values in parentheses, Table 1).

Of the 509 species examined in this study, 379 (74%, Table 1) are encompassed
by the identified species richness hotspots. The 49 grids representing these hotspots
contain between 27 and 139 species (Fig. 3b), and of these 49 grids, 35 (71%)
coincide with protected grids. The hotspots are located predominantly in and around
the Kwazulu-Natal game parks, in the Kruger National Park in Northern and
Mpumalanga Provinces and around the Pretoria region in Gauteng, which is most
likely an artefact of collector bias (see Freitag et al., 1998 for similar results using
mammals).

The comparative performances of the three different approaches used for
identifying potential conservation areas (species richness hotspots and taxonomic
distinctiveness- and rarity-based algorithms) are summarised in Table 1. The species
richness hotspot approach was most land-use efficient. However, assuming that
species representation is a conservation goal, the richness hotspots performed poorly
(encompassed only 74% of all species, Table 1). Moreover, the rarity-based algorithm
consistently performed better than the taxonomic distinctiveness algorithm,
irrespective of the criterion used to evaluate this performance (Table 1). Such an
outcome suggests that rarity-based algorithms are preferable for conservation area
assessments. However, this assumes that the beetles are adequately sampled.

Dung beetle record densities and species richness patterns are shown in Fig. 3.
Of the 3240 grid cells constituting the two countries, 918 grids were occupied by
between 1 and 139 species (Fig. 3b), while the majority of the grid cells contained

between one and three records (Fig. 3a).
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Figure 3. Dung beetle distribution record density (complete dataset) (a) and

species richness (b) in South Africa and Namibia.
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The relationship between record density and species richness is shown in Fig. 4 and,
together with the large number of ‘vacant’ grid cells, illustrates that the scarabaeids
are poorly documented in southern Africa, with richness being highly dependent on

sampling effort.

160 : - ~
140 1
120 ;
100 1

No. of species per grid cell

20 0 20 40 60 80 100 120 140 160 180 200 220
No. of species distribution records per gnd cell

Figure 4. Relationship of dung beetle species richness with record density; y = 0.673 x
+1.740, * = 0.933, F(1, 704) = 9772.9, p < 0.00001.

Discussion

The temporal data evaluation was aimed at determining the extent to which
conservation networks based on ‘new data’ differ from those incorporating ‘old data’.
Record density maps for the two data sets revealed that sampling intensity per grid is
almost identical. In addition, the two reserve networks generated by the rarity
algorithm differed by only six grid squares, and overlap of the two conservation
networks was relatively high (82%). Thus, there is little evidence that ‘old data’
significantly bias dung beetle conservation area assessments. Of graver concern,
however, is the fact that nine species in this database are represented only amongst the
older records. This suggests that any conservation areas designated for the protection
of these species, based on the area selections undertaken here, would be ineffectual. It

is more than likely that the areas in which these species were originally collected have
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been transformed to the extent that the species have become extinct. For example,
Aphengoecus clypeatus Péringuey was last collected in 1892 at Stellenbosch and has
not been recorded since, despite considerable collection efforts in the area (Fig. 3a).
Likewise, although all records of Gyronotus glabrosus Scholtz and Howden
(including the types) are restricted to a localised region of the eastern escarpment
between Tzaneen and Duiwelskloof in Northern Province, a recent search of the area,
which has been transformed considerably by commercial afforestation, has failed to
locate a single specimen of this species (Davis et al., submitted ms).

The picture for the species collected more recently appears, at least on first
inspection, to be much less gloomy. The most conservative estimate (i.e. based on
grids whose entire area is under formal protection) suggests that 166 of the 509
species investigated here (33%) are protected by existing reserve networks, while the
most generous estimate (based on grids with 25% conservation status) puts this figure
at 72% (366 species). Thus, despite being proclaimed largely for the conservation of
mammals (Infield, 1988; Siegfried, 1991), the southern African reserve network
seems to be reasonably effective in capturing, and hence conserving, dung beetles.
Nonetheless, this has been achieved in a rather inefficient way, as total representation
of the dung beetle fauna will require many additional, and geographically widely
separated sites (grid cells). Such widely dispersed reserves are not ideal from both the
management and long-term population viability points of view (Nicholls and
Margules, 1993; Pimm and Lawton, 1998). However, the outcomes of reserve
selection algorithms, which are valuable tools for conservation planners, are
indicative rather than prescriptive (Pressey et al., 1997), providing a platform on
which to base further conservation actions.

Be that as it may, there are at least five mechanisms that could have led to the
relatively high representation of dung beetle species in existing formal conservation
areas.

1. Artefact of human activity I. A considerable number of southern African dung
beetle species are coarse dung specialists, which feed predominantly on the dung of
non-ruminant herbivores such as elephant, rhinoceros and zebra (Edwards, 1991;
Davis, 1994, 1997, A.L.V. Davis, pers. obs.). The disappearance of these large
mammal species in most areas, but their continued survival in reserves, has meant that
the beetles specialised to feed on their dung have disappeared in all but those areas

where the mammals have had a continued historical presence. This is readily
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illustrated by the fact that in Kwazulu-Natal (South Africa), reserves such as Mkuze
and Hluhluwe, which have had rhino for many years, have retained a coarse dung
specialist fauna (Davis, 1997), whereas the relatively newly proclaimed Itala game
reserve seems to be missing such a fauna (A.L.V. Davis, S.L. Chown, and C.H.
Scholtz, unpublished data). In consequence, the relatively high representation of dung
beetle species in conservation areas is, to some extent, an artefact of human activity.

2. Artefact of human activity II. The continued presence of a variety of game
species, especially browsers, in reserves, compared to their absence (and a
preponderance of grazers, e.g. cattle) outside reserves (Siegfried and Brown, 1992;
Scholtz and Chown, 1993) may have led to the survival of certain specialist feeders
within the protected areas (Davis, 1997). Although this mechanism should strictly also
be considered an artefact of human activity, it does indicate that reserves are fulfilling
the purpose now ascribed to them, that is the conservation of biodiversity (Siegfried,
1991).

3. Generalist feeding behaviour. Despite the fact that some species are primarily
attracted to a single dung type, many others are attracted to a variety of dung types
(Edwards, 1991; Davis, 1994). Consequently, they are likely to occur over a broad
range of habitats within their area of occupancy (sensu Gaston, 1994) and are thus
likely to be sampled by reserves, irrespective of reserve placement.

4. Collection artefact 1. Much of the intensive collection efforts made by the
DBRU focussed on conservation areas (usually larger reserves), where researchers
knew that a suite of dung beetle species was likely to be present. The aim of this
program was to seek out and identify dung beetle species that could be translocated to
Australia (Waterhouse, 1977), and hence high diversity areas were targeted. In
consequence, our database may be biased towards records in conservation areas, thus
inflating congruence between species richness hotspots and conservation areas to an
extent larger than that caused by mechanisms 1 and 2. Indeed, the hotspot analyses
provide considerable support for this assumption. Areas in Kwazulu-Natal, Gauteng
and the Northern Province of South Africa, that were all favoured collection and study
areas of the DBRU (Doube, 1991; Davis, 1996), emerge as hotspots (Fig. 3b).

5. Collection artefact II. This mechanism is closely linked to the previous one.
If much collection has been done in reserve areas in the mesic parts of southern Africa
(especially South Africa), but very little in the more arid regions, such as the Karoo

(South Africa), then it is inevitable that overlap between reserves and beetle richness
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will be high. There are few conservation areas in the Karoo (Siegfried, 1991;
Siegfried and Brown, 1992; Low and Rebelo, 1996), and little in the way of beetle
sampling has been undertaken there (Fig. 3a). The converse is true in the more mesic
regions of South Africa, and hence the chances of overlap are likely to be higher in
these regions. The under-representation of taxa in the drier areas of South Africa, as a
consequence of sampling bias, has been identified in a variety of groups (e.g.
Drinkrow and Cherry, 1995; Gelderblom et al., 1995; Lombard, 1995), but the effect
of this on estimates of conservation efficacy has not previously been evaluated.
Similarly, dung beetle sampling in Namibia appears to be spatially biased (Fig. 3a).

Of these five mechanisms, it appears likely that all have contributed to the
observed pattern, at least to some extent. However, of most concern is the fact that we
currently have no way of correcting for the influence of mechanisms 4 and 5, which
are likely to pose the most significant impediment to conservation decisions regarding
dung beetles. Indeed, the significant relationship between collection effort (number of
individuals collected) and species richness in the database (Fig. 4) suggests that the
effects of collection artefacts are large. Thus, despite initial perceptions that, at least
amongst the southern African Coleoptera, dung beetles are well surveyed (e.g. van
Jaarsveld et al., 1998a), this is clearly not the case. This finding has important
implications.

Foremost among these is the fact that conservation networks, selected on the
basis of current beetle datasets, are unlikely to adequately represent the species
constituting these Coleoptera. One solution is to use existing data and to interpolate
distributions using environmental surrogates (Faith and Walker, 1996; Margules and
Redhead, 1995; Robinson et al., 1997a,b; Leathwick et al., 1998). However, this
approach is not always reliable (see Davis et al, 1998), requires the existence of
appropriate environmental data, and requires testing to determine its suitability for the
taxa concerned (Wessels, 1998; Hull et al., submitted ms). A further implication of
survey inadequacy is that area selection algorithms based on rarity are likely to be less
useful than those based on taxonomic distinctiveness (even though they may be more
efficient — Table 1) because rarity, in this instance, is an artefact of collection efforts,
whereas the taxonomy is more likely to be reliable (e.g. Mostert and Scholtz, 1986).

In the face of database inadequacy, one argument is that conservation planning
should proceed with the data at hand (van Jaarsveld et al., 1998b), particularly

because conservation is ultimately a crisis discipline and land use planning will
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continue, whether data are available or not. Although this argument is in a certain
sense correct, proceeding this way has long-term costs. Balmford and Gaston (1999)
have demonstrated that, in many instances, biodiversity surveys may have a lower
economic cost than the selection of reserves in the absence of suitable data.

This finding, together with the findings of a variety of authors, that well-
surveyed taxa are unlikely to prove to be useful surrogates for poorly surveyed ones
(Prendergast et al., 1993; McGeoch, 1998; van Jaarsveld et al., 1998a), suggests that
the only way we are likely to improve the prospects for the conservation of non-
vertebrate taxa is through additional surveys (see e.g. Margules and Redhead, 1995;
Wessels, 1998).
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Appendix 1.

Table 1. Grid cells generated by the relative taxonomic distinctiveness (RTD) and rarity algorithms and the orders in which the grid cells were selected. The
number of dung beetle genera as well as species occurring within the selected grid cells is indicated. Locality names for the grid cells in South Africa were
obtained from the Government Printers in Pretoria, South Africa. For Namibia, the name of a town or farm falling within a given one degree grid cell (finer

resolution was not possible) was used to label the grid cells; * denotes Namibian grid cells.

Selection order |RTD Locality No. of genera  No. of species |Rarity  Locality No. of genera No. of species
1 2732CA  Ubombo 37 139 2732CA  Ubombo 37 139
2 3218AB  Lambert's Bay 9 22 2430DC  Ohrigstad 20 48
3 2821AC Upington 12 21 2822AB Lilyvale 20 38
4 3423AA  Knysna 15 21 2431DD  Tshokwana 29 81
5 2829CC  Cathedral Peak 5 14 2832AC Mtubatuba 32 99
6 2527DB  Brits 22 34 3318AA Saldanha 12 26
7 2516CC  Helmeringhausen* 4 11 1915BB  Etosha Reserve* 20 33
8 3128BC  Mjika 6 8 2832AD St Lucia Estuary 20 63
9 2217CA  Windhoek* 9 13 2829CC  Cathedral Peak S 14
10 3322CD  George 16 22 2528DB  Sokhulumi 4 11
11 2832AC Mtubatuba 32 99 3323AC Barandas 11 16
12 1915BB  Etosha Reserve* 20 33 2528AB  Pienaarsrivier 25 61
13 2231CB  Machayipan 18 35 2927AB Ladybrand 14 32
14 1816BD  Etosha Reserve* 5 6 2431BD Satara 24 62
15 2816BD  Khubus 3 4 3322CD  George 16 22
16 3418AB Cape Peninsula 3 3 2229DD  Wyllie's Poort 19 31
17 3017DB  Garies 1 1 3117BB  Ruitersvlei 5 12
18 2430DC  Ohrigstad 20 48 2217CC  Windhoek* 10 22
19 2832AD St. Lucia Estuary 20 63 2528CD Rietvleidam 2 12
20 3318AA Saldanha 12 26 2329BD Ramokgopa 14 26
21 2832AA Ntondweni 31 72 3126BC Brosterlea 7 15
22 3029CB  Kokstad 10 19 2231AD Pafuri 14 27
23 3228BB  The Haven 5 8 2832AB  Hluhluwe 30 84
24 2330CC  Tzaneen 11 19 2724AA Lykso 13 23
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CHAPTER 3

An investigation into the use of mammals as

conservation surrogates for dung beetle species*

*Ms. submitted: Koch, S.O., van Jaarsveld, A.S., Endrody-Younga, S. and Chown,
S.L. An investigation into the use of mammals as conservation surrogates for dung

beetle species.
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Introduction

Concern regarding the rapid decline in biodiversity world-wide has precipitated
a need for species distribution inventories that can be generated rapidly and at low
cost (Williams and Gaston, 1994, 1998; Andersen, 1995; Oliver and Beattie, 1996).
Because it is not feasible or often even possible to survey the biodiversity of a region,
the use of surrogates for this diversity has been widely advocated (Prendergast et al.,
1993; Williams and Gaston, 1994; Williams and Humphries, 1994; Faith and Walker,
1996b; Williams et al., 1997). Surrogates are defined by Gaston and Blackburn
(1995) as “quantities which are more easily determined and which correlate strongly
with those measures of biodiversity which ultimately are desired”, and take three
main forms, viz. indicator groups, environmental variables and higher taxon richness
(Williams and Gaston, 1994; Beccaloni and Gaston, 1995; Gaston and Blackburn,
1995; Williams et al., 1997). The use of surrogates for biodiversity assessments has
been keenly investigated at a variety of spatial scales (e.g. Landres et al., 1988;
Pearson and Cassola, 1992; Williams and Gaston, 1994; Andersen, 1995; Beccaloni
and Gaston, 1995; Faith and Walker, 1996b,c; Gaston and Blackburn, 1995; Balmford
et al., 1996a,b; Oliver and Beattie, 1996; Dobson et al., 1997; Williams et al., 1997,
Howard et al., 1998; McGeoch, 1998; van Jaarsveld et al,, 1998). These studies have
shown that the spatial scale at which surrogacy studies are performed affects the way
in which the diversity of the target taxon is reflected by the indicator taxon (see also
Prendergast et al, 1993; Curnutt et al., 1994; McGeoch, 1998; Reid, 1998).
Consequently, there is consensus that biodiversity indicators often work at large
spatial scales (i.e. continental or global), whereas the indicator/target taxon
relationship generally breaks down at small spatial scales (see Prendergast et al.,
1993; Gaston and David, 1994; Dobson et al., 1997; Reid, 1998; van Jaarsveld et al.,
1998).

Here we test the utility of the biodiversity indicator (sensu McGeoch, 1998)
surrogacy approach at a regional (subcontinental) scale (South Africa’s four northern
provinces) using mammals and dung beetles, two comparatively well-surveyed taxa
that are thought to have a close association because mammal dung forms the food
source of these beetles (Edwards, 1991; Davis, 1994) and because dung beetles are
thought to have radiated in synchrony with the ungulate radiations in Africa (Scholtz
and Chown, 1995). The approach we use in the present study makes use of one or

more groups of “indicator” taxa whose geographic distributions in the region are
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known (in this case mammals). Areas or sets of areas in which these groups are
species-rich are assumed to be rich in general, and hence a network of protected areas
selected for the indicators is taken to be representative of a particular target taxon (in
this case dung beetles) or of the biodiversity in the region as a whole (Beccaloni and
Gaston, 1995; Faith and Walker, 1996a; Flather et al., 1997). Specifically, we employ
two methods that are currently used in conservation planning using biodiversity
indicators. In the first approach, the extent to which priority conservation areas
selected for the indicator group capture species richness in other taxa is examined (see
Balmford, 1998; Howard et al.,, 1998). In the second approach we combine the first
method with one that examines the extent to which priority conservation areas
generated for the potential indicator taxon are congruent with those generated for
other taxa (Prendergast et al., 1993; Beccaloni and Gaston, 1995; Lombard ,1995;
Faith and Walker, 1996b; Flather et al., 1997; Reid, 1998; van Jaarsveld et al., 1998).
We specifically selected taxa that are comparatively well surveyed and that have a
close association, so as to provide a reasonably rigorous test of the biodiversity
indicator approach. If mammals do not perform well as biodiversity indicators for
dung beetles in southern Africa, then biodiversity indicators are unlikely to be useful

at this scale.

Material and methods

Distribution data at the quarter degree grid cell scale (15° x 15°) for 314 dung
beetle species (Scarabaeidae) and selected mammal orders found in the Mpumalanga,
Gauteng, Northern and Northwest Provinces of South Africa (Fig. 1) were used in this
study. Two mammal datasets comprising species from selected orders were compiled,
based on the type of dung produced by the mammals, viz. Mammals 1 (M1), which
includes all orders excluding the Rodentia, Chiroptera, Insectivora, Lagomorpha and
Macroscelidea (n = 120 spp.), and Mammals 2 (M2), which includes only the
ungulate orders Artiodactyla, Perissodactyla and Proboscidea (n = 35 spp.) because
African dung beetles are thought to have radiated with the ungulates (Scholtz and
Chown, 1995).
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Figure 1. Map of South Africa and the four provinces under investigation.

43

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Two iterative, complementarity-based priority area selection algorithms were
used in this study. The first, a modified version of the Nicholls and Margules (1993)
algorithm (hereafter referred to as the random area selection algorithm (RASA); see
Appendix 1 for algorithm rules), was applied to each of the two mammal databases
for the identification of reserve networks that capture all species at least once.
Commencing with a randomly selected grid cell, the algorithm was run through 20
iterations, yielding 20 conservation area networks for each of the two mammal
datasets. Mean (£ S.D.) dung beetle species richness in each of the 20 networks was
determined; this degree to which dung beetle species (that is, database species
richness for dung beetles) are represented within selected mammal grid cells is termed
“inclusiveness”.

The second priority area selection algorithm (hereafter referred to as the rarity
algorithm), followed the rules of the Nicholls and Margules (1993) algorithm and was
applied to both the mammal and the dung beetle data. Only one iteration of the
algorithm, which starts off by selecting the grid containing the most database-rare
species, was run on each of the three datasets (M1, M2 and dung beetles), and dung
beetle inclusiveness in the grid cells common to the selected dung beetle network and
either the M1 network or the M2 network, was ascertained.

Dung beetle inclusiveness results obtained from the preceding analyses were
also standardised to a “per grid cell” value by dividing the number of dung beetle
species represented in a given mammal network by the total number of grid cells in
that network.

Finally, the degree to which randomly drawn (RD) networks, as opposed to
those systematically generated by algorithms, represent dung beetle species was also
assessed. This was achieved by randomly drawing 1000 times from the grid cells in
the study area the same number of grid cells selected by the two algorithms for the
M2 and M1 groups, respectively. Therefore, in the case of the RASA analyses, 22 and
13 grid cells for the M1 and M2 mammal groups (see Table 1), respectively, were
randomly selected from all grid cells in the study area containing mammal distribution
data only. In the case of the rarity algorithm analyses, five grid cells (i.e. the number
of overlapping mammal and dung beetle grid cells) for both the M1 and M2 mammal
sets (see Table 2) were randomly selected from all grid cells in the study area having
both mammal and dung beetle distribution data. Subsequently, the number of dung

beetle species present in each of the 1000 networks was determined, and the
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probability of randomly obtaining the same numbers of dung beetle species that are

represented in the mammal networks generated with the algorithms was calculated.

Results

The degree to which the dung beetles in this study are represented in the
mammal priority conservation areas generated by the RASA is shown in Table 1.
Every one of the 20 iterations using the M2 dataset produced an identical network of
13 grids, an artefact of this database that comprises only 13 grid cells, each of which
has to be selected by the algorithm for complete mammal representation. These each

included 32.8% of the species in the dung beetle database (Table 1).

Table 1. Degree of inclusiveness of dung beetles within the mammal priority

conservation areas generated by the RASA.

M1 priority area network M2 priority area network

- Mean no. of grid cells 22.4+0.7 13.0+0
selected £ S.D.

- Mean % (no.) of dung beetle 43.8 £2.8(137.7+9.0) 32.8+0(103.0+0)
spp represented + S.D.

- Mean % of dung beetle spp 2.0+0.1 250
represented per grid cell =

S.D.

The same analysis performed on the M1 dataset resulted in a mean of 22.4 grids
selected, which represent a mean of 43.8% of all beetle species. Thus, the
inclusiveness of the M1 network is about 11% higher than that of the M2 network.
This is to be expected since there are 120 mammal species in the M1 group and only
35 species in the M2 group. Consequently, more grid cells are required for complete
representation of all mammals in the M1 group (nine more grid cells in this case,
Table 1) and, hence, more dung beetle species are present in the M1 network.

The standardised inclusiveness values portray a different scenario; there is a
marginally higher representation of dung beetle species per selected mammal grid cell
in the M2 network than in the M1 network (Table 1). Standard deviations are low in

all cases.
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Of the 21 and 13 grid cells selected by the rarity algorithm for the M1 and M2
mammal groups, respectively, five grid cells in both groups overlapped with the 55
grid cells selected for the dung beetles by the same algorithm (Table 2). Absolute
dung beetle inclusiveness in these overlapping grid cells is lower than that found in
the previous analysis (Table 1). However, inclusiveness in this analysis was based on
only five grids in each case, whereas in the previous analysis inclusiveness was based
on 21 and 13 grid cells, respectively. Thus, relative (per grid cell) representation of
dung beetle species richness in this analysis (Table 2) was more than double that

found in the previous analysis (Table 1).

Table 2. Summary data for overlap of priority area networks identified for the

mammals and dung beetles using the rarity algorithm.

M1 priority ~ M2 priority ~ Dung beetle
area network area network priority

area network

- No. of grid cells selected 21 13 55
Dung beetle priority area network:
- no. of grid cells overlapping with 5 5 -
mammal grid cells
- % (no.) of dung beetle spp 28.7 (90) 30.9 (97) -
represented in five overlapping grid
cells
- % of dung beetle spp represented 5.7 6.2 -
per overlapping grid cell

With the exception of the M2 RASA analysis (see above), dung beetle
inclusiveness values obtained using the randomly drawn networks were lower than
those obtained using either the M1 mammal database for selecting conservation
networks or those using the grid cells that overlapped following selection of priority
area networks (PAN) based on the mammal and dung beetle databases (Table 3). In
most cases, these values were either significant (overlap between M2 and dung beetle
PAN’s) or closely approached significance (all others with the exception of the M2
RASA analysis).
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Table 3. Random draw (RD) results. The number of grid cells selected in each RD
relates to the category for which the RD’s were performed. The four categories
presented as table headings represent the following: 1) M1 priority area network
(PAN) generated by the RASA; 2) M2 PAN generated by the RASA; 3) overlapping
M1 and dung beetle (DB) PAN’s generated by the rarity algorithm; 4) overlapping
M2 and DB PAN’s generated by the rarity algorithm.

1 2 3 4
M1 M2 M1 + DB M2 + DB
RASA RASA rarity rarity
- No. of grid cells that were 22 13 5 5
randomly selected per draw
- Range of dung beetle spp 24-172 103 10 - 141 43 -97
numbers within 1000
networks
- Mean % (no.) of dung 31.8£8.0 32810 16.3+£6.7 25.5+£3.5

beetle spp represented in (99.9+253) (103.0+0) (51.1+£21.0) (80.1+10.9)

random networks + S.D.
- % probability of obtaining 6.8 100.0 5.3 2.5
the same mean no. of dung
beetle spp as thatin a
network generated by one of

the two algorithms

Discussion

Based on the absolute inclusiveness values obtained here, it appears that
mammals may be a useful surrogate for dung beetle species richness. On average, the
area network selected by the RASA on the basis of all mammal species captured 44%
of the dung beetle species in the database. Curiously, despite the purported association
between dung beetles and herbivorous mammals (Waterhouse, 1977; Scholtz and
Chown, 1995; Davis, 1997), the M2 priority network had a lower inclusiveness than
the M1 network. However, it should be noted that the number of mammal species
included in the M1 group was over three-fold higher than that in the M2 group, which

i1s why more grid cells were required to protect the M1 mammals than to protect the
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M2 mammals. In consequence, it is to be expected that fewer dung beetle species
would be captured by the M2 network. On the other hand, a comparison of the more
indicative relative inclusiveness values, i.e. per grid cell, suggests that using the
ungulates alone may indeed capture a greater species richness of dung beetles, as
would be expected on the basis of the biology of these beetles (see Edwards, 1991;
Scholtz and Chown, 1995; Davis, 1997).

The considerable increase in relative inclusiveness values in the networks based
on both the mammal and dung beetle data suggests that it cannot be automatically
assumed that a large proportion of dung beetle species will be represented in priority
conservation area networks generated for mammals simply because dung beetles rely
on mammals for food and brood material. Thus, conservation planning for dung
beetles may be far more effective if the dung beetle data are used in conjunction with
the mammal data set than if data from mammals only are used. In addition, it is
important to note that the grid cells selected on the basis of both dung beetle and
mammal distribution data generally had a significantly greater inclusiveness than did
those cells selected by the random draw method based on the same criteria. In
contrast, dung beetle inclusiveness based on the mammal area networks alone was no
higher than that obtained by randomly drawing similar numbers of grid cells from the
pool of grid cells that contained the appropriate mammal data. This suggests that,
despite the apparent potential for mammals to act as useful surrogates for dung beetle
species richness, they really perform no better than a random draw of the grid cells
containing only mammal data. Similar pessimistic conclusions regarding the use of
surrogates at small scales have been reached by (Prendergast et al., 1993; Gaston and
David, 1994; Dobson et al., 1997; Lawton et al., 1998; Reid, 1998; van Jaarsveld et
al., 1998). If species that are thought to show close relationships, such as dung beetles
and mammals, have poor surrogacy value, this does not bode well for other taxa that
have no functional relationship (see Prendergast et al., 1993). This paints a
particularly gloomy picture for surrogates in general, and this case in particular.
However, in this instance, three additional issues are pertinent.

First, the ungulate data set was constrained by the small number of grid cells,
and hence equivalence of the RD and RASA results is to be expected. Second, even
though the RD and RASA results only verged on significance in the case where solely
mammals were used, the numbers of dung beetle species represented are not the only

concern; the configuration of the selected networks should also be taken into
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consideration. The fragmentary networks resulting from random draws would be
expensive in their establishment as well as prone to species loss as a result of edge
effects and isolation (Howard et al., 1998), whereas the sites within the networks
selected on the basis of priority area selection algorithms are complementary to one
another and are likely to show reduced fragmentation. Thus, even if a similar number
of species is captured, the use of systematic tools for the selection of conservation
networks, such as the algorithms employed in this study, is preferable to the random
placement of reserves (see also Howard et al., 1998). Finally, the rather poor
performance of the mammal surrogate as opposed to the random draws may be a
consequence of the quality of the dung beetle data set. Although this group has been
well-surveyed compared with many other southern African insect taxa (e.g. antlions,
Freitag and Mansell, 1997; buprestid beetles, Hull ez al., 1998), there are many areas
that have not been sampled (Koch et al., submitted ms.). In consequence, a large
number of grid cells is required to represent all of the species because it is not known
whether the species in question may coexist elsewhere, which would reduce the
number of cells required. Thus, a random draw may provide as much coverage of the
dung beetle species richness as the mammal data set simply because the dung beetle
species are essentially randomly distributed amongst the grid cells that have been
surveyed. This is unlikely to be a reflection of the true situation because longitudinal
and latitudinal gradients in species richness in southern Africa have been detected in
many other taxa (O’Brien, 1993; Drinkrow and Cherry, 1995; Gelderblom et al.,
1995). Thus, although it appears that mammals are not serving as effective
biodiversity indicators (see McGeoch, 1998 for further discussion) or surrogates for
dung beetle species richness at this scale, this conclusion may be a false outcome of
the poor quality of the dung beetle data which have been used to test the hypothesis.
The most interesting consequence of this conclusion is that, not only are surveys cost-
effective in the long term because of a reduction in the number of conservation areas
required (Balmford and Gaston, 1999), but having well-surveyed taxa with which to

test hypotheses may also fundamentally alter perceptions of the utility of surrogates.
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Appendix 1

Random area selection algorithm (RASA)

This algorithm was modified from the Nicholls and Margules (1993) algorithm by
S.0. Koch and H.E. Hull (1999).

Selection rules are as follows:

For each iteration of the algorithm, a different species reference file containing all

species in random order is used.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.
Step 8.

Randomly select one of the grid cells within the study area, and delete all
species occurring in that grid cell from the species reference file.

Select the grid cell in which the first species at the top of the species reference
file occurs and delete all species occurring in that grid cell from the species
reference file.

If there is a choice, select the grid cell which contributes the largest number
of as yet unrepresented species.

If there is still a choice, select the grid cell which is nearest to one already
selected.

[f there is still a choice, select the grid cell which contributes the rarest as yet
unrepresented species.

If there is still a choice, select the grid cell which contributes the next rarest
as yet unrepresented species.

If there is still a choice, select the grid cell with the highest species richness.

If there is still a choice, select the first grid cell in the list.

55

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



CHAPTER 4

Conclusion
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The following constitute the main findings and conclusions drawn from this

dissertation:

e Despite an extensive history of research on this taxon, the quality of the dung
beetle distribution data used in this dissertation proved to be surprisingly, and
alarmingly, poor (Chapter 2). The sampling bias contained within this database is
a general problem encountered when dealing with species distribution data,
especially of invertebrates. Despite the need to make the best use of existing,
albeit incomplete, data for conservation planning purposes (Flather et al., 1997,
van Jaarsveld et al., 1998), there is also an urgent requirement to improve the
quality of these data (Scholtz and Chown, 1993, 1995). Since conservation
actions are only as good as the quality of the data on which they are based, it is
imperative that biodiversity surveys be invested in. Although the compilation of
biodiversity inventories is very costly in terms of time and money, Balmford and
Gaston (1999) have shown that the use of well-sampled data obtained from
detailed surveys results in the requirement of smaller representative reserve
networks than when incomplete data are used. Hence, it may be more costly to
use poor distribution data in reserve planning than it is to invest in obtaining good

quality data from biodiversity surveys.

e The choice of a particular conservation area selection algorithm depends on the
quality of the database to which it is going to be applied. This means that, not only
should efficiency be taken into consideration when selecting an algorithm, but that
the algorithm characteristics should also be taken into account. Thus, although the
taxonomic distinctiveness algorithm used in Chapter 2 was less land-use efficient
than the rarity algorithm, it was considered more appropriate, as the taxonomy of
the dung beetles used in this dissertation was more reliable than the data on their

distributions.

e The priority conservation areas selected by the rarity and taxonomic algorithms in
Chapter 2 were unevenly scattered throughout the landscape due to the uneven
distribution records of species. Such a network, consisting of widely dispersed

reserves, is not ideal. Furthermore, it goes without saying that the reservation of
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each of the selected grid cells is an unrealistic target, which is why it has been
proposed that the minimum set of sites selected by an algorithm should act as a
core around which to build conservation actions, rather than the final reserve
network (Nicholls and Margules, 1993). In addition, because the sites selected by
an algorithm may frequently not be suitable or available for conservation
purposes, Pimm and Lawton (1998) suggested that these algorithms should rather
select sites adjoining existing reserves. In all probability, it is more viable to add
land for conservation to existing protected areas than to establish new reserves. In
South Africa, though, this ignores the fact that in some biomes few reserves have
been proclaimed (Low and Rebelo, 1996; Freitag and Mansell, 1997). Ultimately,
however, it is important to realise that, although the actual establishment of
reserves might take the goals derived from reserve selection algorithms into
consideration, political and socio-economical factors, among others, probably
influence the final decision-making process the most (Pressey et al, 1994;

Lombard, 1995; Saberwal and Kothari, 1996).

The protection of species richness hotspots identified in Chapter 2 would require
far less grid cells than that of the networks generated by either of the two
algorithms, which means that the hotspot approach is more land-use efficient.
However, although hotspots, which represent areas of immense biological
abundance, are valuable tools for and should be included in conservation planning
actions, their conservation does not ensure the protection of all species because
they are arbitrarily defined and usually encompass only a proportion of all the
species under consideration (Lombard, 1995; Mugo et al., 1995). Furthermore,
species-rich sites do not necessarily contain those species which require special
attention in conservation actions, such as those that are rare or threatened.
Therefore, to secure the protection of all species under consideration and at the
same time protect sites rich in species, it is useful to combine hotspot and
algorithm-based analyses in conservation planning. Ideally, hotspots and the sites
selected by an algorithm should coincide, and the areas in which they do should
be afforded special attention and be given conservation priority because of their

high conservation value.
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e Existing formal reserves in South Africa and Namibia perform relatively well at
representing the dung beetle species under investigation (Chapter 2). Although
this is an encouraging finding, it should be viewed with caution because of the
spatial bias contained within the dung beetle database. As a large part of the
beetle sampling was biased towards reserves, the overall proportion of species
represented within these protected areas will, of necessity, be high. However, a
different picture may well emerge if evenly sampled, unbiased distribution data

were employed.

e Despite the mentioned shortcomings of conservation area selection algorithms, the
analyses in Chapter 3 have demonstrated that they are superior to random area
selection methods. The former are generally more land-use efficient than the
latter, and the selected sites are complementary to one another, which reduces
fragmentation of the selected sites and is of utmost importance in conservation

area selection procedures.

e The surrogacy analyses performed in Chapter 3 have shown how the use of
relative versus absolute values influences the interpretation of a given set of
results. In surrogacy analyses performed for the purpose of practical conservation
planning, the absolute number of target taxa represented by the surrogate taxon is
of importance, since the objective is to protect the largest number of species
overall, not per unit area. However, relative values provide a useful means for
comparing the performances of potential surrogates constituting differing numbers

of taxa.

In conclusion, it remains to be said that the most realistic strategy for conservation
planning in general is to use the various conservation methods presented in this
dissertation to ‘...establish the extent of reserves with an eye on the home ranges and
resource needs of the charismatic megavertebrates, the areal requirements of “big
things that run the world” (Terborgh, 1988), but to locate the reserves with attention
to habitat diversity required by the “little things that run the world” (Wilson, 1987)’
(in Ehrlich, 1992).
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APPENDIX 1

Biodiversity assessment and conservation strategies
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Biodiversity Assessment and
Conservation Strategies
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The efficient representation of all species in conservation planning is problematic. Often,
species distribution is assessed by dividing the land into a grid; complementary sets of
grids, in which each taxon is represented at least once, are then sought. To determine
if this approach provides useful surrogate information, species and higher taxon data for
South African plants and animals were analyzed. Complementary species sets did not
coincide and overlapped little with higher taxon sets. Survey extent and taxonomic
knowledge did not affect this overlap. Thus, the assumptions of surrogacy, on which so
much conservation planning is based, are not supported.

P;actical conservation uses surrogate infor-
mation, such as richness of indicator taxa,
endemism (taxa restricted to a given area),
or higher taxon richness (that is, genus or
family richness) to identify possible conser-
vation areas (1-8). Although not universally
accepted (9), there is broad agreement that
conservation areas should strive to sample
regional features, a goal that is most effi-
ciently accomplished with complementary
sets (10, 11). These are sets of grids that
contain all species in a taxon at least once
(10, 12); the complementarity principle en-
sures that conservation areas represent all
species efficiently and that rare species are
included (10). Although the outcome of
such a complementarity analysis provides a
sound basis for the efficient conservation of
the focal taxon, it is commonly assumed that
the outcome is more widely applicable to
other taxa (13).

The value of species richness, species
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rarity, and higher taxon richness as biodi-
versity surrogate measures (“traditional”
surrogates) has been explored, and the con-
sensus is that richness “hotspots” (highly
species-rich areas) and “coldspots” (areas
poor in species) rarely coincide; nor do
hotspots and rare (restricted range) taxa
generally coincide (6, 14-17). However,
the surrogacy value of complementary sets
has not been assessed. Here, the relation
between traditional surrogate measures and
complementary sets, as well as the degree of
overlap among complementary sets across
taxa, is investigated.

The study incorporated 9119 species, in-
cluding well-studied taxa that are frequently
used as biodiversity indicators (4), such as
vascular plants (Plantae), mammals (Mam-
malia), birds (Aves), and butterflies (Hespe-
rioidea and Papilionoidea), and less well-
known taxa, such as termites (Isoptera), ant-
lions (Myrmeleontidae), buprestid beetles
(Buprestidae), and scarabaeoid beetles (Scar-
abaeoidea) (18). These taxa vary consider-
ably with regard to survey extent and taxo-
nomic knowledge. For example, birds are
surveyed in all grid cells and all species are
included, whereas ~20% of antlion species
are included and these are surveyed in 8% of
the grid cells in the study area. Species that
were chosen for inclusion in the poorly sur-
veyed taxa represent either the known fauna
for the region (for example, buprestids and

scarabs) or, where the majority of the fauna
has not been adequately cataloged, a well-
known monophyletic unit (antlions). In one
instance (termites), only an incomplete set
of published data from a systematic survey
was available, resulting in poor species cov-
erage (19). In none of these cases was there
reason to presume that the species chosen
are a nonrandom subset of the taxon as a
whole with regard to geographic distribution.

Data from the Transvaal region (now in-
cluding Gauteng, Mpumalanga, Northern,
and part of North-West provinces; South
Africa) were mapped on a 25 km by 25 km
grid (n = 474), and complementary sets for
each of the taxa were identified by means of
a rarity-based algorithm (12). The study area
is about the size of the United Kingdom and
comprises 20% of the surface area of one of
the most species-rich countries in the world.
Richness hotspots and coldspots reflect the
top 5% of species-rich and species-poor 25-
km squares, respectively (14). Rare species
are defined as those occurring in less than 24
squares (5% of 474 squares), and this rarity
may be the consequence of a restricted range
or inadequate sampling (20). The degree of
spatial overlap among complementary sets,
species richness (hotspots and coldspots),
and areas containing rare taxa is expressed by
the Jaccard coefficient (Table 1).

As in previous studies (14), we found
little overlap within taxa using measures of
richness (hotspots and coldspots) and rarity
(21) (Fig. 1 and Table 1). The single ex-
ception was richness hotspots and rarity
where the mean overlap was 50% (Table 1).
This high value was due mostly to high
overlap values in plants and in phytopha-
gous insects (plants, buprestids, and butter-
flies all had overlap values exceeding 75%)
(Table 1). Speciose plant regions in south-
ern Africa include large numbers of rare
plant species (22), and patterns in plant
diversity are often a good predictor of pat-
terns in insect diversity (23). This may
account, at least to some extent, for the
high overlap values of richness hotspots and
rarity observed within each of these taxa.

Overlap among taxa for richness hotspots
and coldspots is, respectively, highest be-
tween butterflies and plants (24%), and scar-
ab and buprestid beetles (13%) (24). Over-

lap among areas containing rare taxa is most
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Table 1. Percentage overlap among types of priority conservation areas,
species-based complementary sets for different taxa, and complementary

the Jaccard coefficient [number of grids shared/(number of additional grids
selected for taxon A + number of additional grids selected for taxon B)] x

sets representing different taxonomic levels. The overlap was calculated with ~ 100.
) ’ . ] : Scarab Buprestid
Comparisons/taxa Mammals Birds Plants Butterflies Termites Antlions beetles beetles
Priority conservation areas
Richness hotspots versus rare species 29.2 18.0 82.6 77.8 23.8 60.0 6.7 80.0
Richness coldspots versus rare species 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Complementary sets versus richness hotspots 8.1 20.0 8.6 16.3 1.1 16.7 32.1 19.7
Complementary sets versus richness coldspots 0.0 0.0 1.0 29 0.0 9.7 0.0 20
Complementary sets versus rare species 214 30.0 8.2 16.3 111 16.7 10.7 12.7
Complementary species sets
Mammals 1.9 6.6 85 0.0 35 9.3 1.8
Birds 7.3 9.8 0.0 6.5 13.6 8.6
Plants 12.7 0.4 22 7.3 195
Butterflies 0.0 20 1.7 20.7
Termites 0.0 0.0 15
Antlions 10.0 29
Scarab beetles 14.3
Buprestid beetles
Complementary sets representing different taxonomic levels

Species versus genus 17.9 345 376 17.8 20.0 0.0 240 34.4

8.0 3.7 7.4 23 40.0 125 4.0 1.6

Species versus family

pronounced in mammals and birds (37%).
Nonetheless, all of these overlap values are
low, indicating that different taxa are speci-
ose, species-poor, or have their rare species
represented, in different grid cells (24).

The mean coincidence between comple-
mentary species sets and grids selected on the
basis of richness (hotspots and coldspots),
and between complementary sets and grids
containing rare taxa, is well below 20% (Fig.
1 and Table 1). The highest overlap in com-
plementary sets and richness hotspots is for
scarab beetles (32%) and birds (20%); this
overlap reached only 8% in mammals. Co-
incidence between complementary sets and
rare taxa was highest in mammals (30%).
Thus, grids selected for a single representa-
tion of each species tend not to be those with
excessively high or unusually low species
richness, nor do they include a dispropor-
tionate number of rare species (Table 1).

Pairwise comparisons of complementary
species sets reveal a mean overlap of less
than 10% (Fig. 2 and Table 1); maximum
overlap (21%) is between butterflies and
buprestid beetles. In multiple comparisons
of complementary sets, no grid cell was
shared by all taxa, and a maximum of six
taxa shared complementary grids (coinci-
dentally, n = 6 grids shared). This further
emphasizes the lack of overlap of comple-
mentary sets across taxa. Thus, different
conservation areas are required to conserve
different taxa.

Complementary sets that represent gen-
era and families show little overlap with
species-based complementary sets across taxa
(<30%) (Fig. 2 and Table 1). Maximum
overlap between genus- and species-based
sets is for plants (38%) and birds (35%), taxa
that are well surveyed and systematically
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well known (25), and for buprestid beetles
(34%), a group that has not been well sur-
veyed and in which many species remain
undescribed (18, 26). Similarly, overlap be-
tween family- and species-based sets is high-
est for termites (40%) and antlions (13%),
which are either poorly surveyed or repre-
sented by few species in this analysis. In
contrast, the overlap between well-surveyed
and taxonomically well-represented groups,
namely plants, birds, and mammals, was
minimal, at 7, 4, and 8% respectively (Table
1). Patterns of overlap based on complemen-
tary sets were also inconsistent between taxa
with changing hierarchical levels (for plants,
overlap declines from 38 to 7% from genus
to family level, whereas for termites there
was an increase from 20 to 40%). Thus,

(Jaccard coefficient)
> 3B 8883388

Compl/hotspot :’-—4

Compl/coldspot ]—q

Mean percent overlap

Compl/rare }—1

Hotspot/coldspot
Coldspot/rare

Fig. 1. The degree of spatial overlap (mean + SD
of Jaccard coefficient) between conservation ar-
eas generated by means of different prioritization
criteria (species-based complementary areas,
richness hotspots and coldspots, areas contain-
ing rare taxa).

selecting conservation areas by genus- or
family-level data cannot result in efficient
species-level conservation.

QOur results provide little support for
the notion that species complementary
sets are congruent across taxa or that com-
plementary sets are congruent with rich-
ness (hotspots, coldspots, or both) or areas
harboring rare taxa, or both. In addition,
our results suggest that the use of higher
taxa as surrogates (27) for species-based
complementary set selection holds little
promise at a scale relevant to practical
conservation planning. This largely under-
mines hopes for using “indicator taxa” or
higher taxon surrogate information as
biodiversity planning tools. These data

8388

301

Mean percent overlap
(Jaccard coefficient)
5388

(3]
|

o
1

[-3
Q.
@

Spp/gen
Spp/fam

Fig. 2. The degree of spatial overlap (mean + SD
of Jaccard coefficient) among species-based
complementary sets across higher taxonomic
groupings (that is, species-based surrogacy) and
overlap between the species-based priority con-
servation sets and sets generated by means of
genus and family level data (that is, higher taxon
surrogacy).
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also support findings from a recent study
that adopted a different approach and was
conducted at a very different scale, yet
also concluded that the prospects for in-
dicator taxa are poor (28). Furthermore,
conservation areas identified by means of
traditional prioritization criteria [richness
hotspots and coldspots and areas contain-
ing rare taxa (21)] are unlikely to be useful
surrogates for representative complemen-
tary conservation networks. This lack of
coincidence between taxa, hierarchical lev-
els, and traditional criteria for priority con-
servation areas implies that all available spe-
cies-based information should be incorporat-
ed into regional conservation assessments
(6). Moreover, these results underscore the
value of sound species-related distribution
data for conservation planning and empha-
size the necessity for survey research in con-
servation biology (29).
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APPENDIX 2

The use of vegetation types as surrogates for the

conservation of five South African insect taxa*

*Ms. submitted: Hull, H.E., Chown, S.L., Koch, S.O., Mansell, M.W. and Muller, C.
The use of vegetation types as surrogates for the conservation of five South African

insect taxa.
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INTRODUCTION

Although attempts to identify priority sites for conserving biodiversity are
hindered by the lack of sound data (Margules & Austin 1991; Lombard 1995;
Balmford er al. 1996; Freitag et al. 1997), pressures arising from land transformation
rates demand that existing biodiversity data be used as effectively as possible to make
conservation decisions (Davis et al. 1990). This is particularly important for insect
conservation strategies, because their high species' richness by its very nature virtually
precludes any other conservation options (Samways 1994; Scholtz & Chown 1995).
However, existing data may embody substantial flaws associated with collector bias,
low collection effort and taxonomic impediments (Samways 1994; Siegfried &
Brooke 1994; Drinkrow & Cherry 1995; Lombard 1995; Freitag et al. 1998)

One way in which to address this problem is to conduct reserve selection
using surrogate measures for biodiversity (Vane-Wright et al. 1994; Andersen, 1995;
Wessels et al. 1999). Information on the distribution of surrogates is potentially
easier and cheaper to acquire than species distribution data (Pressey & Logan 1994;
Williams & Humphries 1994) and is usually available at a more consistent, although
generalised, level of detail (Pressey 1990; Belbin, 1993; Wright et al. 1993;
Williams & Humphries 1994; Andersen, 1995; Wessels et al. 1999). Nonetheless,
identifying the appropriate surrogate is often problematic (Vane-Wright et al. 1994).
Environmental surrogates such as climatic attributes, edaphic variables, landscapes,
vegetation classes, land systems, landscape ecosystems (Belbin 1993), physico-
chemical variables (such as energy flux - Currie & Paquin (1987), Currie (1991) and
Turner et al. (1988)), environmental groups and environmental domains have all been
investigated as possible surrogates (Wessels ef al. 1999). The same is true of species
richness or endemism patterns across taxa (Thirgood & Heath 1994; Williams &
Humphries 1994; Dobson et al. 1997; Howard et al. 1998; Van Jaarsveld et al.
1998a), richness at higher taxonomic levels (Pearson & Cassola 1992; Williams &
Gaston 1994; Andersen 1995), and indicator taxa (Chapin et al. 1992; Kellert 1993;
New 1993; Heywood 1994; Hunter 1996). Unfortunately, conclusive support for the
use of hotspots of species' richness, endemism or higher taxon richness has not been
forthcoming and may hold little promise at a scale relevant to practical conservation
planning (Flather et al. 1997), performing better at broader (e.g. global) scales of

analysis (Reid 1998). Species-rich areas for indicator groups are only likely to
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represent other organisms if the members of the group occur over a wide habitat range
(Faith & Walker 1996). In addition, Prendergast et al. (1993) and Van Jaarsveld et al.
(1998a) noted that high diversity hotspots of certain taxa did not represent rare species
to a great extent and Dobson et al. (1997) found little coincidence for hotspots of
endangered taxa in the United States.

On the other hand, vegetation types (see Low & Rebelo 1996 for a
definition), have been regarded as promising surrogates at finer scales by Purdie et al.
(1986), Woinarski et al. (1988), Davis et al. (1990), Woinarski & Braithwaite (1993),
Oliver & Beattie (1994), Kiester et al. (1996) and Rushworth (1997). This is because
vegetation is an easily identifiable and important landscape feature representing the
integration of many less visible ecological and physical factors, such as climate, soil
type, elevation and aspect (Davis et al. 1990; Scott et al. 1992). It is also composed
of the ecosystem’s primary producers and serves as a habitat for animal communities
(Scott et al. 1992).

In the present study, the efficiency of vegetation types (identified for South
Africa, Lesotho and Swaziland - Low & Rebelo (1996)) as a surrogate for insect
conservation planning in South Africa, Lesotho and Swaziland was evaluated. The
insect groups used were the buprestid beetles (569 species), scarab beetles (482
species) (Coleoptera: Buprestidae, Scarabaeidae respectively), butterflies
(Lepidoptera) (614 species), antlions (Neuroptera: Myrmeleontidae) (43 species) and
termites (Isoptera) (28 species). These taxa were chosen because they have
previously been examined with regard to reserve selection using a species-based
approach (Hull ez al. 1998; Freitag & Mansell 1997; Muller et al. 1997) and because
they are representative of a variety of insect taxa with different habitat requirements.
(It should be noted here that the numbers of species used did not consist of all the
species comprising the taxa occurring in the study area, but consisted only of those
that were documented for inclusion in the respective databases at the time.)

The evaluation of vegetation types as surrogates for these taxa was
accomplished by generating representative networks for the protection of target areas
of vegetation types in South Africa, Lesotho and Swaziland, and exploring the degree
to which these insect taxa were represented as a consequence. In addition, the
distributional characteristics of the species that are not represented by the broad-scale
vegetation types approach that could explain the reasons for this omission, was

evaluated.
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MATERIAL & METHODS

Species — vegetation type affinities.

Species' point distributions of all taxa, besides butterflies, were projected
onto a vegetation map of the Low & Rebelo (1996) vegetation types in order to
determine the number of vegetation types and the most common vegetation types
occupied by each taxon (see Woinarski & Braithwaite 1993), using ARCVIEW® ,
(Version 3.0a, ESRI Inc., Redlands, California, USA). This latter procedure was not
possible for the butterflies, as these data were not recorded as point localities, but as
grid cell (15 ' X 15") specific data.

The vegetation type classification used is that of Low & Rebelo (1996), in
which the study area was divided into 68 distinct vegetation types. Cropland, dams,
urban areas and other land transformations have been ignored (Low & Rebelo 1996).
This classification therefore differs from the more frequently used Acocks Veld Types
(Acocks 1988), which evaluates vegetation types from a purely agricultural

perspective (Low & Rebelo 1996).

Representation of target areas of vegetation types.

The proportion of each vegetation type occupying every quarter degree grid
cell (15" X 15") in South Africa, Lesotho and Swaziland was obtained by projecting a
map of the 2013 grid cells constituting the study area onto the Low & Rebelo (1996)
vegetation map in ARC/INFO® GIS, Version 7.1.2 (ESRI, Inc., Redlands, California,
USA). A modified version of the Percentage Area Selection algorithm of Wessels et
al. (1999) (hereafter referred to as PAR;) was run on the resultant table of vegetation
type areas per grid cell, to determine the number of grid cells required to represent a
specified target area of each vegetation type. These target areas were 5, 10, 15, 20,
25, 30, 40 and 50 % of the total areas of each vegetation type.

The rules for the original algorithm (referred to hereafter as PAR), as well
as for PAR; are provided in Appendices A and B, respectively. The major difference
between these algorithms lies in the initiation procedure. The PAR algorithm starts at
the vegetation type with the smallest total area (i.e. the rarest vegetation type),
representing as much of it as possible by choosing the grid cell with the largest area of
that type, and then by choosing other grid cells containing that vegetation type until it

is fully represented. The areas of any other vegetation types occurring in the grid

69

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



cells are subtracted from the target area required for each of these vegetation types.
The next rarest vegetation type (in terms of area) is the next to be fully represented.
This process is repeated until all types have reached the target representation level.
Although this algorithm is land-use efficient, it provides an inflexible result with the
same outcome at each run. For this reason, it is necessary to use an algorithm that
will perform a specified number of iterations at each representation level in order to
generate alternative networks of grid cells for each target level of vegetation type
representation.

The PAR; algorithm was used for this purpose, which requires a randomly
arranged list of vegetation types and a pre-specified random initiation grid cell. All of
the vegetation types occurring in that grid cell are represented fully to their required
target levels in the same manner as above. The next vegetation type to be fully
represented is the top-most occurring type in the randomly arranged list of types.

Twenty iterations of the PAR; algorithm were run at each specified target
level. The same randomly arranged vegetation type reference file and initial random
grid cell was used for each target level of area representation, but different files were

used for each iteration.

Species’ overlap with the chosen grid cells.

The number of the species in each taxon captured by the grid cells selected
by the PAR; algorithm were calculated. The number of species having at least one
record, as well as those having at least three records were assessed. The latter
scenario was modified for species with only two or one record(s). They were
included in the category of having three representations if the species with two
records were fully represented, and the species with one record were fully
represented. The percentage species represented at least once and the percentage
represented at least three times for each level of representation and for each database
were compared using the Mann-Whitney U test at the 95 % significance level. The
requirement of independence of data for this test may not have been satisfied, given
that the two representation levels used the same data, and the degrees of freedom of
the test are likely to be over-estimated. For this reason, the statistical significance of
the two percentages that were numerically closest to one another was noted. If the
difference was highly significant (p < 0.01), it was predicted that any other

comparisons were also significantly different.
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Characteristics (in terms of species' representation in databases) shared by

species not represented by vegetation types.
The number of grid cells in which species occurred was determined for

each taxon (i.e. number of records per species at the grid cell scale), and these
numbers were ranked in descending order and split into quartiles (25 % rarest, 25 %
next most scarce, 25 % next most abundant, and 25 % most common species). The
number of species within each quartile range that were represented at least once in
grid cells chosen by representing vegetation types at each target level of area
representation (5 - 50 %), using the PAR algorithm, was assessed. This was done to
determine how the representation of species by a surrogate is affected by the species'
abundance within the database (see Scott ef al. 1992). The PAR algorithm was used
in this case as no iterations were required.

Furthermore, the approximate percentage of species out of the total number
in South Africa, median value of number of records per species, number of species
with five or less records, and percentage of grids surveyed out of the total number in
the study area were summarised for each database. These are all linked to the

phenomenon of rare species, survey bias and efficiency.

Extra grids required to fully represent "database rare' taxa.

The Nicholls & Margules (1993) rarity based algorithm was employed to
demonstrate the number of extra grids required to represent the species out of the 25
% "database rarest" species that are not represented by vegetation type surrogacy, or
occur at least once in a protected area. This algorithm represents species at least once,
starting at the rarest species, and proceeding until all species are represented.

A protected areas map of South Africa which included national reserves
and some of the larger private reserves was obtained from the Council for Scientific
Industrial Research (CSIR), Pretoria, South Africa. The point localities of all species
were projected onto this map, in order to determine the number of species that have at
least one record in a protected area. As the butterfly database was not mapped to
point localities, no assumptions about the protected species in this database was made.
The Low & Rebelo (1996) vegetation map and a map of the grid cells were then
projected onto the protected areas map to determine the percentage area of each

vegetation type that was protected, per grid cell (Fearnside & Ferraz 1995).
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The PAR algorithm was used to select 15 % of each vegetation type, after
subtracting the areas of those types that were already protected. The number of
additional grid cells required to represent all vegetation types to the 15 % target level
was thus determined. The 15 % minimum was chosen as the frequently cited goal for
protecting biodiversity is between 10 and 12 % (IUCN 1992), and in Australia, a
proposal has been put forward to raise this level to 15 % (Pressey & Logan 1997).
The number of species occurring at least once in the network obtained was calculated
(excluding those species already present in reserves). Thereafter, the Nicholls &
Margules (1993) rarity species selection algorithm was run only for those species for
each taxon that were not represented in protected areas or in grids selected by the

PAR algorithm and fell into the 25 % database rarest species category.

RESULTS

Species — vegetation type affinities.

Recorded antlion distributions overlapped with 54 out of the 68 vegetation

types, buprestids with 66, scarabs with 67 and termites with 65.

Representation of target levels of vegetation types.

The number of grids chosen by the PAR; algorithm showed an increase as
the degree of representation increased (Table 1). From the table it can be seen that the
standard deviations between the number of grid cells chosen increased as the

representation increased.
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Table 1. Mean number of grids, and standard deviations from mean, selected by the

PAR; algorithm at each level of representation of vegetaton types.

Level of Average number of grids Standard deviation from
representation (%) selected by algorithm mean of grids selected
5 114.4 2.3
10 209.1 2.5
15 306.8 2.8
20 402.4 2.5
25 500.1 3.6
30 600.2 4.2
40 800.0 6.1
50 1003.5 6.6

Species’ overlap with the chosen grid cells.

As the level of protection of vegetation types increased, more species were
represented, both a minimum of once, and thrice. The percentage species represented
varied between 20.8 % (of buprestid species at the 5 % vegetation representation
level) and 91.9 % (of the butterfly species at the 50 % level) for a minimum of one
representation per species (Fig. 1b,c). The results for at least 3 representations of
each species were lower than those for one representation (Fig, la-e). Percentage
representation of species varied between 2.79 (of buprestid species at the 5 %
vegetation representation level) and 69.5 % (of the butterfly species at the 50 % level)
(Fig. 1b,c). Significantly higher numbers of species were represented at least once,
compared to at least three times at the 95 % significance level, for all taxa. The
lowest level of significance was for the termites at 50 % representation (z = -2.978; p
=0.003). In general, the percentage representation of species at least once compared

to at least three times was the closest numerically for the termites than for any other

taxon (Fig. la-e).

73

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Characteristics (in terms of species' representation in databases) shared by

species not represented by vegetation types.

There was a clear decrease in the number of species protected within each quartile
range towards the rarest of these ranges. This was evident for all taxa, and thus the
results for all species were combined and represented in Fig. 2 .

The Buprestidae, although being relatively well collected and surveyed, have few
records per species and large numbers of grids containing relatively rare species (Fig.
3). On the other hand, the termites are poorly represented in the database in terms of
species' numbers, but those species that are present are relatively well surveyed, and

there are few rare species (Fig. 3).

Extra grids required to fully represent "database rare" taxa.

Relatively high percentages of species occurred in already protected areas:
53.3 % of antlions, 42.7 % of buprestids, 68.5 % of scarabs and 85.7 % of termites
(Table 2). The inclusion of these mandatory sites into the PAR algorithm run at a
representation level of 15 % resulted in 242 additional grid cells being selected.

Addition of the percentage of species represented in protected areas to the
percentage species represented by the grid cells selected by the PAR algorithm run
with these mandatory sites always resulted in over 50 % species represented (Table
2). The number of grid cells selected by the Nicholls & Margules (1993) algorithm to
represent those 25 % "database" rarest species not found in protected areas or by
overlap with grid cells chosen by the PAR algorithm amounted to 162 grid cells (after
accounting for overlap of grid cells chosen for different taxa) (Fig. 4). Table 3

compares this to the numbers required in other studies for species-based algorithms.
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Fig. 1. Graphs depicting the average percentage of species of each taxon present in grids selected by the twenty iterations of the PAR2 algorithm
at each level of area representation for at least one representation (in white) and for at least three representations (in green). Error bars indicate the
standard deviations of the average percentage species selected at each level of representation (graphs of the remaining taxa are depicted on the

following two pages).
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Fig. 2. Graph showing the quartile distribution of abundances of species in the database, represented at least once at each level of area
representation by the PAR algorithm (Wessels ef al. 1999). Note that as the rarest quartile is approached, fewer species are represented.
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Table 2. Species represented at the 15 % area representation level using the PAR

algorithm (Wessels et al. 1999), including already protected areas as mandatory sites.

Taxon % species in protected Total % species represented (including
areas those already in protected areas
Antlions 53.5 58.1
Buprestidae 42.7 51.1
Butterflies N/A 79.6*
Scarabaeidae 68.5 79.7
Termites 85.7 89.3

* Only those species occurring in grid cells chosen to represent vegetation types to 15

%

Table 3. Number of grid cells required to represent all species of each taxon, as noted
in other studies (Cells_before), compared to the number of cells required to represent
the species in each database out of the 25 % rarest species that have not been
represented in already protected areas or by overlap with cells chosen by the PAR

algorithm run at a protection level of 15 % (Cells_after).

Taxon Cells_before Cells_after
Antlions 14 (Freitag & Mansell 1997) 6
Buprestidae 133 (Hull et al. 1998) 62
Butterflies 84 (unpublished data) 66
Scarabaeidae 85 (unpublished data) 48
Termites 6 (Muller et al. 1997) 0
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Grids chosen by PAR algorithm at 15 % area representation, excluding already protected areas

B Grids chosen by rarity algorithm (Nicholls & Margules 1993) to represent species
out of the 25 % database rarest species that did not overlap with grids chosen to represent 15 %
of the area of each vegetation type

Fig. 4. Map of the sudy area showing the number of grid cells required to represent
15 % of the area of each vegetation type, after accounting for the areas already repre-
sented in protected areas. Also represented are the grid cells required to represent
the 25 % rarest insect taxa at least once that did not have at least one record occur-

ring in the above selected grid cells.
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DISCUSSION

The top 5 % richest vegetation types for buprestids were Mixed Bushveld
in the Northern and Mpumalanga Provinces and Mountain Fynbos and Upland
Succulent Karoo in the Southern and Northern Cape provinces. For Scarabaeidae the
top 5 % richest vegetation types included Coastal Bushveld/Grassland in northern
Kwa-Zulu Natal, Lowveld Bushveld in Mpumalanga and NE Mountain Grassland in
the north eastern highlands of Mpumalanga. In the case of the termites, Coastal
Bushveld/Grassland was the richest, followed by Sweet Bushveld and Mopane
Bushveld in the Northern Province. Antlion top 5 % richest vegetation types were
Mixed Bushveld, Mopane Bushveld and shrubby Kalahari Dune Bushveld, occurring
largely in the Kalahari Gemsbok National Park.

As expected, all databases exhibited an increase in percentage species
represented with an increase in the areas of each vegetation type selected by the PAR;
algorithm. The reason for this was simply that as more grid cells were selected, more
species were likely to be targeted. Also to be expected was the fact that the standard
deviations from the mean percentage of species of each taxon that were represented
showed a decrease, noted in Figs la-e, as the level of area representation increased.
This was probably because the choices of grid cells available for selection decreased
as the target for representation increased, resulting in the same grid cells being chosen
in each case, and thus the same species.

The marked differences between the numbers of species represented (either
at least once or more than three times) could be related to the number of database rare
species in each database (Fig. 2). (In this case "rare species" signifies the 25 % rarest
species within each database).

The termite database consists of only a small representative group of the
termites of South Africa (approximately 25 %), but the species that are present are
known to be well represented, evidenced by the large number of grids surveyed, and
by the presence of many records per species. There are consequently, few rare
species, and these rare species occur in relatively few grid cells, meaning that few
extra grids would be required to represent them (Fig. 3).

On the other spectrum of the scale, the buprestid database has many species,
which have in general been poorly sampled, with few records per species (although a

comparatively large proportion of grids were sampled), a very high proportion of rare
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species, and a large proportion of the database consisting of grid cells containing rare
species (Fig. 3). It was noted in Freitag & Van Jaarsveld (1998) in their sensitivity
analysis that the more records a species has, the fewer grid cells are needed to fully
represent all species.

The presence of large numbers of rare species thus pose a problem, as there
are a limited number of sites in which to represent them. How many of these species
are really rare, and genuinely have localised distributions, or are range-restricted?
The only manner in which this can be ascertained is through further surveys, and to
save money and time, perhaps to only concentrate on those species that are database
rare. The present situation demands an extra 162 grid cells to conserve the 25 %
database rarest species not yet represented by vegetation type conservation or already
protected areas (Fig. 4). If all of these areas were proclaimed as reserves, or at least
areas that should be monitored for conservation purposes, even more money may be
wasted compared to the cost of further surveys, and a situation may ultimately
develop that is little different than at present - with many ad hoc reserves that serve

little purpose.

Although there are still many problems to be overcome in the search for a
good surrogate, this paper provides the most promising result thus far, and certainly
better than results obtained previously for attempts at finding surrogates for the
representation of these taxa. Van Jaarsveld et al. (1998a) obtained from 0 - 20.7 %
overlap of complementary sites and higher taxon overlap from 0 - 37.6 % for these

taxa with one another and with plants in the Transvaal region of South Africa.

Furthermore, the percentage species covered by representing from 5 - 15 %
of vegetation type area was usually much higher than that added by conserving
percentages greater than this. This means that around 10 - 15 % vegetation type
conservation provides an optimal solution, and there may be reason to consider the
guidelines set down by the [UCN (1992). In fact, an average of 60.9 % of all species
were represented at least once at the 15 % level, and 37.4 % three or more times. The
prospects for vegetation types acting as surrogates for the representation of these
species is therefore good, and additional surveying is crucial only for species which

have small amounts of data.

83

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



The decrease in percentages of species represented at least thrice may prove
to be worrisome. The prospect for conserving as many records as possible of a
species seems to be significantly lower than for only one representation, although the
better the collection efficiency, the closer the numbers of species represented once,
and those represented three or more times becomes (Fig. 1e), until the numbers are
not significantly different. Additional surveys should, therefore, improve the results

further.
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Appendix A

Percentage Area Representation (PAR) algorithm (Wessels et al. 1999).
Written by Stefanie Freitag (1996 - 1997).

Selection rules are as follows:

1 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 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 % area necessary to
achieve the required representation, or the one that contributes the largest % area
of that type if no one site will achieve the representation target).

3 Ifthere 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 most 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 for iterative selections (PARy).
This algorithm was modified from the previous algorithm (Wessels et al. (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, 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, 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 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 on the top of the list.

4 Select all types using the rules described in Appendix A (rules 2 - 6). Each time a
type is fully represented, the next to be represented is the one occurring on 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.
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