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Abstract Landscape heterogeneity affects the spatial distribution of species. This makes it
an important consideration for conservation planning, particularly when designing sus-
tainable production landscapes. We determine whether conserving landscape elements
within a transformed landscape is adequate for conserving dung beetle biodiversity. Dung
beetles are excellent indicators for landscape biodiversity studies as they are ecologically
sensitive. Here we measure dung beetle alpha-diversity, as well as beta-diversity within
landscape elements and across different landscape elements. In doing so, we assess the value
of landscape elements, as well as variation within landscape elements, in determining the
spatial distribution of dung beetles across a production landscape. The study was conducted
in the commercial timber production area of the KwaZulu-Natal Midlands, South Africa. In
this system, the different landscape elements are a mosaic of natural indigenous forests,
grasslands and alien pine plantation blocks. Our results show that the only response for dung
beetle alpha-diversity was higher species richness in grasslands and pine blocks compared to
natural forests. The highest beta-diversity for a landscape element was the grassland, for
elevational category was low elevational areas and grassland type was the Midlands Mistbelt
Grassland. The compositional diversity (beta-diversity between elements) was significantly
different for all pairwise variations between landscape elements, the elevational categories
and grassland types. Natural forests embedded in the two different grassland types had
greater differences in compositional diversity than those embedded in natural (grassland) or
transformed (pine blocks) matrices. This highlights the need to conserve a range of similar
remnant patches of natural vegetation regionally, in addition to conserving broad landscape
elements (i.e. grasslands or natural forests) as conservation targets. Furthermore, our results
are encouraging for the potential benefits from the ecosystem service provided by dung
beetles across the whole landscape, even in the transformed elements.
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Introduction

Patches which are similar to each other in terms of their structure and vegetation com-
ponents are often grouped together as “landscape elements” in landscape ecology and
conservation planning (Forman 1995). How species respond to these various landscape
elements affects spatial dispersion of species, which in turn, affects local species richness
and species turnover across entire landscapes (Romero-Alcaraz and Avila 2000;
Tscharntke et al. 2002; Fischer et al. 2004). Understanding how species use these different
landscape elements enables conservation practitioners to maximise biodiversity conser-
vation by identifying significant features to conserve (Svoray et al. 2005). However,
landscape elements alone do not necessarily predetermine where specific species occur,
with other variables such as landscape structure (Cook 2002; Louzada et al. 2010), patch
matrix (Muriel and Kattan 2009), soil type (Li et al. 2007), also playing an important role.
Across agroforestry landscapes this is important, as transformed areas often isolate natural
patches (Kirkman and Pott 2002; Samways 2007).

Although ecologically robust species may survive well in transformed areas (Pineda
et al. 2005; Schlaepfer et al. 2011), it is the most environmentally sensitive species
(specialist species) which are often of greatest conservation concern (Rodewald 2012).
This means for conservation planning, significant natural patches must be left for these
sensitive species. However, remnant natural patches are often small in production land-
scapes, and do not have the required conditions for many species (Saunders et al. 1991). To
overcome this short-coming and to improve connectivity across the landscape, ecological
networks (ENs) have been introduced to reduce isolation of the patches (Beier and Noss
1998; Yu et al. 2006; Jongman et al. 2011; Samways et al. 2010).

Dung beetles (Coleoptera: Scarabaeidae: Scarabaeinae) are an excellent indicator taxon
for landscape diversity studies, as they are ecologically sensitive and can compositionally
respond to slight changes in the local environment (Nichols et al. 2008). This has been
shown in many different areas of the world from the rain forests of Borneo (Davis et al.
2001), to the scrublands of the Mediterranean (Numa et al. 2009) and even in the Kalahari
desert (Davis et al. 2008b). Dung beetles have high alpha-diversity rates along ecological
gradients (Davis et al. 1999; Spector and Ayzama 2003; Louzada et al. 2010; Filgueiras
et al. 2011). Dung beetles are also sensitive to habitat change (Nielsen 2007; Gardner et al.
2007) and even to subtle changes in land use (Almeida et al. 2011). Fragmentation and
isolation are also important determinates of dung beetle species local distribution (Klein
1989; Andresen 2003; Nichols et al. 2007; Escobar et al. 2008). Numa et al. (2012) found
that Spanish dung beetles are responsive to many environmental variables, although spatial
configuration and habitat connectivity had the greatest influence on their composition and
abundance.

The natural remnant ENs within the South African timber industry are ideal for testing
conservation concepts within transformed landscapes, as they are extensive (500,000 ha of
natural grassland and forest among 1.8 million ha of commercial timber plantations)
(Kirkman and Pott 2002; Samways 2007). Plantation forestry using alien trees is a serious
risk to local biodiversity, as blocks of exotic trees contain impoverished indigenous
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biodiversity (Pryke and Samways 2009; Bremer and Farley 2010). In turn, there are
indigenous forest patches within the grassland/plantation system, although they are natu-
rally small and isolated (Kotze and Lawes 2007). Certainly, ENs in the South African
timber production landscape largely conserve grassland arthropod diversity (Pryke and
Samways 2012a). However, one component of this diversity, dung beetles, is poorly
known. However, they are known to be more abundant on the edge of natural forest and
exotic plantations (Pryke and Samways 2012b), possibly an artefact of mammal species
resting in the shade provided by these wooded areas during the heat of the day.

The measurement of alpha-diversity (measures of species richness) and beta-diversity
(species turnover) in different landscape elements, as well as between landscape elements,
is essential to our understanding of which landscape elements are required to best conserve
biodiversity (Kessler et al. 2009). Here we aim to test the concept of whether conserving
discrete landscape elements within a transformed landscape satisfactorily conserves dung
beetle biodiversity. We achieve this by assessing the alpha-diversity and beta-diversity in
and between landscape elements, as well as assessing how these diversity indices change in
landscape elements along elevational and vegetational gradients. We expect to see changes
in dung beetle diversity between the landscape elements (specifically the natural forests,
pine forests and grasslands), although if there are major changes within these landscape
elements across various environmental gradients, then we need to conserve a range of these
individual landscapes elements and not just representatives of the landscape elements
themselves. The matrix can also be a major influence on the natural forest patch in which it
is embedded. Here we also determine whether the natural matrix (grasslands) in which
indigenous forest patches are embedded, is necessarily better than the transformed matrix
(pine blocks) for dung beetle diversity within the patches. We discuss the consequences of
our results for both local and global conservation actions.

Methods
Study area and design

This study was undertaken in the commercial timber plantations of the KwaZulu-Natal
Midlands, South Africa. This provided us with a system which has natural indigenous
forests and grasslands, as well as transformed habitat (commercial pine plantation blocks)
close to each other. This study was spatially extensive, with the maximum distance
between plantations over 160 km and the minimum ca. 32 km (Fig. 1). The grassland areas
consisted of the threatened Midlands Mistbelt Grassland and Drakensberg Foothill Moist
Grassland types, with small patches of Southern Mistbelt Forest dispersed within the
grassland matrix (Fig. 2a—c) (Mucina and Rutherford 2006). Although structurally similar,
these grassland types differ in their grass species composition and have different soil types.
Both grassland types grow on soils that have high clay content, although Midlands Mistbelt
Grassland soils have poor water infiltration, resulting in a wet soil dominated by shale and
with some sandstone, while the Drakensberg Foothill Moist Grasslands are on well drained
soils, which are drier and dominated by mudstone and sandstone (Mucina and Rutherford
2006). Nevertheless, both soil types occur in areas with similar climatic conditions,
although the Midlands Mistbelt Grasslands receive additional precipitation from summer
mists (Mucina and Rutherford 2006). The Weza (30°37S; 29°41E) and Maybole (29°44S;
30°15E) timber plantations are in Midlands Mistbelt Grasslands while the Gilboa (29°16S;
30°18E) and Good Hope (29°40S; 29°58E) timber plantations are in both Midlands
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Fig. 1 Site map showing the relative position of each of the four plantations sampled. Top map shows the
vegetation types sampled from Midlands Mistbelt Grassland (light grey), Drakensberg Foothill Moist
Grassland (dark grey) and the Southern Mistbelt Forest (black). The bottom map shows the position of the
50 paired sites; black shows the location of the natural forests, grey shows pine blocks and clear shows
grasslands; the G-NF indicates grassland paired with a natural forest and P-NF indicates pine plantation
block paired with natural forest
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Fig. 2 a A panoramic view of the area around the Gilboa commercial forestry plantation with the landscape
matrix of pine blocks, natural forests and grasslands in summer, b a grassland corridor in the Weza
commercial forestry plantation during winter, ¢ inside a natural forest and d the trapping technique with a
wire harp holding the dung bait above a buried bucket

Mistbelt Grasslands and Drakensberg Foothill Moist Grassland and range in elevation for
all sites is ca 1,000-1,700 m a.s.l. (Supplementary Table 1; Fig. 1).

Sampling sites were paired between an indigenous forest patch (n = 50 paired sites)
and an adjacent grassland (n = 25 paired) or pine block (n = 25 paired sites) (Supple-
mentary Table 1). So in total we had 50 paired sites, or a 100 separate sites with 25 sites in
natural forest surrounded by grassland, 25 in natural forest surrounded by pine blocks, 25
in grassland, 25 in pine blocks (Supplementary Table 1). Two baited pitfall traps were
placed at each site, giving a total of 200 baited pitfall traps laid out. The two traps per site
were >15 m apart and their catches were pooled for statistical analyses. The pitfall traps
were placed greater than 30 m from the boundary edges for grasslands and pine blocks
(Pryke and Samways 2012b). Due to the smaller sizes of the indigenous forests, traps were
placed at least 10 m from their boundary edges. Field work was carried out in a 2 week
intensive sampling regime in the summer of 2011 (February 2011) to minimise seasonal
effects on sampling (Edwards 1991; de Andrade et al. 2011).

Each pitfall trap consisted of a 2.5 L plastic bucket that was buried so that its rim was
flush with the ground. Each trap had a top cover with a hole in the top to allow the beetles
to enter the trap, while preventing them from escaping (Fig. 2d). On a wire harp above
each trap was a small cloth bag containing ca. 100 ml pig dung and chicken liver mix (8:1
ratio; Fig. 2d). Pig dung has been shown to capture most species of dung beetles present
(Davis 1994) and the chicken liver to capture specialist carrion feeders. As we have
targeted generalist feeders, many herbivore dung and fungi specialists would have not
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responded to these baits and so are missing from our results. Each bait bag was made using
the same batch of pig dung collected on a single day. All bait bags were frozen and only
defrosted on the day of use. This allowed us to standardise the dung and carrion volatiles.
Traps were left open for 2 days, after which dung beetle specimens were collected, pre-
served and identified to genus level (Davis et al. 2008a), afterwards they were assigned to
morphospecies. Voucher specimens are in the Entomology Museum, Department of
Conservation Ecology and Entomology, Stellenbosch University.

Statistical analysis

Beta-diversity is generally poorly defined (Tuomisto 2010; Jurasinski and Koch 2011), so
we have chosen to use two beta-diversity terms to differentiate between beta-diversity
within a factor and beta-diversity between factors. Thus, we have defined the diversity
classifications of: (1) alpha-diversity (o): species richness at a site, (2) beta-diversity 1
(B1): species turnover among similar sites (e.g. among forest patches; Anderson 2006) and
(3) beta-diversity 2 (B2): assemblage compositional changes between factors (e.g. between
grasslands and forests). These three measures of diversity were compared for the four
landscape elements (grassland; pine block; natural forest in a grassland matrix; natural
forest in a pine matrix), the three elevational categories (<1,199; 1,200-1,499; >1,500) and
the two grassland vegetation types (Midlands Mistbelt Grasslands; Drakensberg Foothill
Moist Grassland) were treated as fixed effects, while the four plantations sampled was
treated as a random effect.

To test the influence of each of the factors had on alpha-diversity Generalized Linear
Mixed Models (GLMM) were calculated. These GLMMs were performed in R (R
Development Core Team 2007) using the Ime4 package (Bates and Sarkar 2007). The
overall model incorporated all the fixed effects as well as interactions between landscape
elements and elevation and landscape elements and grassland type. This model followed
the formula of: alpha-diversity ~ landscape elements + elevation + grassland type +
landscape element*elevation + landscape element*grassland type + (1/plantation (ran-
domised)). These data were non-normal, although fitted a Poisson curve when a Likelihood
Ratio Test was performed, thus a GLMM fit by a Laplace approximation and with a
Poisson distribution was used (Bolker et al. 2008). As these analyses showed no over-
dispersion of variances compared to the models (Pearson residuals = 1.17), a y? statistic
and p-value were calculated (Bolker et al. 2008). Posthoc analyses were performed on
significant factors using a Tukey posthoc test in the R package multcomp (Hothorn et al.
2008).

PERMDISP analysis tests the homogeneity of multivariate dispersion to determine the
variability in species composition within a predetermined grouping of sites and thus can be
used as a measure of beta-diversity (B1; Anderson 2006). These analyses were performed
in PRIMER 6 (PRIMER-E 2008) using the PERMDISP software with 9,999 permutations
(Anderson 2006). This analysis firstly determines the distance of samples to the centroid of
each predefined group. For example, the software plots all the grassland sites and then
determines the geometric centre (i.e. the centroid) for the shape that the grasslands plot
creates (Anderson 2006). Then the software calculates distances between the centroid and
each of the sites. This then allows the program to calculate the mean distances and perform
ANOVAs to determine F- and p-values between various groupings of sites (e.g. between
the grasslands and pine blocks) (Anderson 2006). It also allows for pairwise testing
(PRIMER-E 2008). Thus, PERMDISP measures beta-diversity by measuring the dispersal
of each independent group. These analyses were performed for the four landscape
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elements, the three elevational categories and the two grassland vegetation types. Analyses
were performed using Jaccard similarity measures, as these data needed to be transformed
to presence/absence data (Anderson 2000).

To determine the differences in beta-diversity between elements (2) we determined the
assemblage composition similarity between sampling units using Permutational multi-
variate analyses of variance (PERMANOVA) in PRIMER 6 (PRIMER-E 2008). These
were performed to determine F- and p-values, as well as pairwise difference within tests,
using 9,999 permutations to assess changes between the four landscape elements, the three
elevational categories and the two grassland vegetation types. Analyses were performed
using Bray-Curtis similarity measures assessing the specific species and their abundances,
with these data square-root transformed to reduce the weight of common species
(Anderson 2001). The landscape elements data were further explored using canonical
analysis of principal coordinates (CAP) (Anderson and Willis 2003). CAP analysis is
effective in delineating particular gradients of interest within a multivariate dataset, despite
the presence of other potentially important factors which were not measured (Anderson
2008). The non-parametric species estimators of Chao2 and Jacknife2 (Hortal et al. 2006)
were calculated using PRIMER 6 (PRIMER-E 2008) to determine how close sampling got
to the estimated species richness.

Results

Overall, 4,165 individuals from 64 species were sampled. Chao2 estimated alpha-diversity
of 73.4 (£6.8) and Jacknife2 estimated 80.9 species the species accumulation curve for
these data nearly flatten. Dung beetle alpha-diversity was significantly higher in grassland
and pine blocks than in natural forest (Table 1; Fig. 3). Species estimates were also higher
in the grasslands (Chao2 = 69.0 £ 10.6; Jacknife2 = 76.5) than natural forests
(Chao2 = 54.0 £ 24.2; Jacknife2 = 46.8) or pine blocks (Chao2 = 35.8 &+ 2.07; Jac-
knife2 = 36.26). Dung beetle alpha-diversity was similar in natural forests surrounded by
pine and those surrounded by grasslands (Table 1; Fig. 3). There were no significant
differences in alpha-diversity of the three landscape elements (grassland, natural forest and
pine blocks) from different elevations or grassland types (Table 1).

Grasslands also had significantly higher B1 compared to natural forests and pine blocks
(Table 1; Fig. 3). This was also true for low elevation sites compared to other elevational
categories and for the Midlands Mistbelt Grassland compared to the Drakensberg Foothill
Moist Grassland (Table 1; Fig. 3). There were no differences in the 1 between natural
forest surrounded by pine compared to those surrounded by grasslands (Table 1; Figs. 3, 5).
Pairwise comparisons using PERMDISP analyses between landscape elements embedded in
the elevational categories, showed that low and medium grasslands had significantly higher
levels of B1 than any other landscape element at any other elevation (Table 1). The land-
scape element with the highest B1 (for both grassland types) was the grasslands. All elements
embedded in the Midlands Mistbelt Grasslands had higher 1 compared to the same ele-
ments in Drakensberg Foothill Moist Grassland (Fig. 4). Additionally, elevation played a
significant role in the B1 within grasslands (Table 1).

When the B2 of the landscape elements were compared to each other, all comparisons
were significantly different with the exception of the natural forest surrounded by pines
compared to natural forest surrounded by grassland (Table 1; Fig. 5). When the landscape
elements were compared to each other for each elevation category the two forest elements
(those surrounded by pine and those surrounded by grassland) were always similar, while
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Table 1 Effects of landscape element type, elevation and grassland type on alpha, beta-diversity, both in
and between factors of dung beetle assemblages. Only significant posthoc tests are reported

Variable df x> p- Posthoc

Alpha-diversity (o)

Landscape element 3 38.27 <0.001 See Fig. 3

Elevation 2 0.01 0.994 See Fig. 3

Grassland type 1 0.89 0.347 See Fig. 3

LandEle x Elev 11 12.27 0.056

LandEle x GrassT 7 6.70 0.082 See Fig. 4
Variable df F- p- Posthoc

Beta-diversity within factors (1)

Landscape element 3 7.17 0.001 See Fig. 3
Elevation 2 8.86 0.001 See Fig. 3
Grassland type 1 20.11 <0.001 See Fig. 3
LandEle x Elev 11 5.16 <0.001 GL > PiH, PiL, FGL, FPM,

FPL, GH, FGL, FGM, FPH;
GM > FPH, FGM

LandEle x GrassT 7 9.56 <0.001 See Fig. 4
GrassT x LandEle 4 7.02 0.001 LMi > MMi, MDr, HDr
Variable df  Pseudo F-  p- Posthoc

Beta-diversity between factors ($2)

Landscape element 3 6.30 <0.001 G # FP, FG, Pi; Pi # FP, FG
Elevation 2 3.32 <0.001 H+# ML M #L

Grassland type 1 6.02 <0.001 Dr # Mi

LandEle x Elev 11 3.24 <0.001 See Table 2

LandEle x GrassT 7 4.38 <0.001 See Table 2

GrassT x LandEle 4 2.76 <0.001 HMi # LMi, MDr; MMi # MDr,

HDr; LMi # HDr, LDr

LandEle landscape element, Elev elevation, GrassT grassland type, G grassland, Pi pine, FG forest sur-
rounded by grassland, FP forest surrounded by pine, H high eleveation, M medium elevation, L low ele-
vation, Mi Midlands Mistbelt Grassland, Dr Drakensberg Foothill Moist Grassland

grasslands were consistently different to all other landscape elements (Table 2; Fig. 5).
Low elevation pine blocks were significantly different to the low elevation natural forests
and the medium level pine block were only significantly different to natural forest sur-
rounded by grasslands (Table 2). Pairwise comparisons between landscape elements
embedded in the two different grassland types showed the two natural forests and the
grassland patches had significantly different 2 between the two grassland types (Table 3).
Natural forests surrounded by pines were similar in dung beetle 2 to those surrounded by
grasslands (Table 3).

From within the grasslands, we sampled 22 species that were unique to that habitat type
(Fig. 6), with Onthophagus sp.1 having 19 individuals sampled, Aphodinae sp.1 with 15
individuals, Catharsius sp.2 with 12 and Epirinus validus and Drepanocerus sp.3 with 5
individuals (supplementary Table 2). There were five species that were only found in the
natural forests (Fig. 6), these were: Nebulasilvius cf. insularis (38 individuals), Aphodinae
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Fig. 3 Between landscape element, elevation and grassland type comparisons in alpha-diversity (top) and
beta-diversity within factors (B1) (bottom). Mean (+1 SE); different letters above bars represent
significantly different means (5 % level). Forest-P forest surrounded by pine, Forest-G forest surrounded by
grassland, Mistbelt Midlands Mistbelt Grassland, Drakens Drakensberg Foothill Moist Grassland

sp.1 (3 individuals), Caccobius sp.8 and sp.7 (3 and 1 individuals respectively) and Trox
sp.1 (2 individuals) (supplementary Table 2). Onthophagus sp. 5 and 6 were only found in
the pine blocks although these were found at abundances of 1 and 3 respectively (Fig. 6;
supplementary Table 2). The pine blocks were more related to the natural forests (Jac-

card’s index = 0.67) than to the grasslands (index = 0.36) (Fig. 6).
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grassland, Mistbelt Midlands Mistbelt Grassland, Drakens Drakensberg Foothill Moist Grassland

Discussion

Our results show that dung beetle beta-diversity within landscape elements did not respond
to the differences in these elements alone. In fact, there was a great deal of change due to
the grassland type whether we sampled in natural indigenous forest or grassland. This is
likely to be in response to differences in variables such as soil types, elevation and
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moisture levels between these vegetation types, rather than differences in grass species per
se (Davis and Scholtz 2004). Dung beetle assemblage composition seemed to be highly
sensitive to small changes in these habitat variables. This is emphasised by natural forests
showing a greater change in beta-diversity (both within the element and between elements)
compared to those embedded in either of the two grassland types compared to differences
between natural forest surrounded by either grassland or pine blocks. This is despite all the
natural forests sampled here being the same natural forest type (Southern Mistbelt Forest).
As the natural indigenous forests are generally on the same soil types, and have the same
elevation and precipitation as the surrounding grasslands, it appears that it is the soil
characteristics, elevation and moisture levels which drive the differences in grassland type,
and in turn, are also important for dung beetle assemblage structure.

There were also great changes in dung beetle beta-diversity in and between the land-
scape elements. The greatest of these differences was the higher beta-diversity within the
grasslands compared to the other landscape elements. Dung beetle alpha-diversity was
highest in the grasslands and pine blocks, while lowest in the natural indigenous forests.
These blocks of exotic pines thus appear to house unique assemblages not found in the
grassland and natural forest. This uniqueness in assemblage structure appears to be a
mixture of grassland and natural forest species. The pine blocks also showed little variation
between those embedded in the different grassland types and between different elevations,
so it appears that this assemblage, although unique in the landscape, does not vary much
across the region.

The pine plantations were more similar to the natural forests than to the grasslands.
These two natural landscape elements (natural forest and grasslands) also had species that
were unique to them, and which were sampled in large numbers. In comparison, the pine
blocks only had two unique species (both Onthophagus species), which were both sampled
in very low numbers. In fact, their occurrence in pine plantations may only be due to
chance sampling events. It appears that the unique species assemblage that we found in the
pine plantation is not due to alien dung beetle species moving in, but simply a mix of the
grassland and natural forest generalists, with the natural forest adding the highest com-
ponent in the mix. This highlights the biodiversity value of these natural elements in these
production landscapes. Also, it indicates that the pine plantation may in fact be aiding
some of the forest species in dispersal between naturally fragmented patches. This increase
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Table 3 Beta-diversity (2) of the dung beetles from a PERMANOVA pairwise test between landscape
elements for each grassland type

Midlands Mistbelt Grassland Drakensberg Foothill Grassland
Forest-G Pine Grass Forest-P Forest-G Pine Grass
Midlands
Mistbelt
Grassland
Forest-P 1.09 2. 14 2.88%k% 1.42% 1.61%* 1.95%* 2.78%%
Forest-G 1.70%* 267 1.74%* 2.02%* 1.71%* 2.46%
Pine 2,13 1.96%** 2.49%% 1.15 1.87%*
Grass 230k 2.66%** 1.971 %% 1.971 %%
Drakensberg
Foothill
Grassland
Forest-P 0.69 1.68%* 2.19%%
Forest-G 2.18%% 2.56%*
Pine 1.25

Forest-P forest surrounded by pine blocks, Forest-G forest surrounded by grassland, Grass grassland,
*p <0.05, ** p < 0.01, *** p < 0.001

Fig. 6 Venn diagram showing Natural forest
the number of dung beetles
associated with various landscape
elements. Cj Jaccards index

5
(7.8%)

17
(26.6%)
4

(6.3%)

;=032 C;=0.67

Grasslands Pine blocks

C;=0.36

in dispersal seems to have been restricted to some of the species only, as five of the species
here, despite being captured in high numbers, were never sampled outside the natural
forests.

Numa et al. (2012) showed that dung beetle composition and abundance in Spain
responded to many variables, although the greatest influence was from spatial configura-
tion and habitat connectivity. In this study, landscape design variables (particular land-
scape elements) were highly influential, although the strongest influences were the
background environmental variables (grassland type and elevation). The landscape
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elements are most likely landscape surrogates for other environmental variables (Billeter
et al. 2007; Crous et al. 2013).

At the local scale, these results suggest that pine blocks are not necessarily detrimental
to dung beetle species assemblages, provided the natural landscape elements are main-
tained in the landscape. Nevertheless, pine blocks do change the compositional diversity,
as has been reported for other taxa (Kotze and Samways 2001; Pryke and Samways 2009,
2012b). Our results on alpha- and beta-diversity highlight the need to locally conserve
areas with a range of various soil types, also across elevational and moisture gradients, and
not to only focus on conserving landscape elements, or on the individual habitats of single
species scale. For example, the natural forests were of the same forest type across the entire
study area, yet showed differences in beta-diversity within and between patches embedded
in different grassland types. This means that we need to conserve not just patches of natural
forest across the KwaZulu-Natal Midlands but also a variety of patches embedded in
various grassland types (as a surrogate for different soil types/moisture and elevation
gradients). There appears to be few differences in the alpha- and beta-diversity in and
between natural forest patches surrounded by natural grasslands compared to those sur-
rounded by the transformed pine blocks. This would imply, as for birds (Wethered and
Lawes 2003), small afromontane forests are effectively conserved even when surrounded
by timber plantation. However, caution is required, as we have only assessed one taxo-
nomic group here and other taxa may respond differently to the surrounding matrix.

Like most arthropod taxa (Bremer and Farley 2010; Pryke and Samways 2012b), these
dung beetles responded strongly to plantation forestry. In fact many species seemed to
respond positively to these transformed ecosystems, unlike most taxa. As in other studies
(Nichols et al. 2007), this suggests that dung beetles may be good indicators of habitat
change, particularly in this region. Furthermore, dung beetles showed strong responses to
factors such as soil type, elevation and moisture gradients, highlighting the importance of
these abiotic factors for conservation planning (Nichols et al. 2007). These factors are more
than likely driving the changes in alpha- and beta-diversity seen here and should therefore
be included in ecological studies along with multiple taxa (Kotze and Samways 1999;
Tropek et al. 2008; Pryke and Samways 2010). A further interesting result here was the
difference between the measures of a-diversity (species richness), Bl-diversity (species
turnover within an element) and 2-diversity (assemblage compositional changed between
elements). The most important results from this study would have been omitted had we not
included measures of B1-diversity, showing that a change in species composition is a better
measure than just using species richness. This is probably due to subtle changes in the
microhabitat creating a more complex matrix for the dung beetles to live in, creating a
greater species turnover in the natural area. Results here show that it is imperative to
include factors that may lead to changes in alpha-diversity within landscape elements in
biodiversity conservation studies (Kessler et al. 2009).

This study underscores the importance of conserving as much habitat heterogeneity as
possible. The conservation of habitat heterogeneity does not necessarily only apply to
different landscape elements but can also relate to other variables, such as elevation, soil
and moisture gradients (Romero-Alcaraz and Avila 2000; Franklin et al. 2005). These
results also indicate the need for conserving not just landscape elements but also variation
within the landscape elements. In other words, and in terms of conservation planning, it
cannot be assumed that all patches of the same landscape element are the same. This means
that as many patches of a landscape element as possible should be included in the con-
servation network. Complicating this for managers is that at least two-thirds of these
plantations are needed for timber production and so the correct selection of the remaining
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third for conservation is critical to ensure biodiversity is maintained across these land-
scapes (Samways et al. 2010). The results here, showing that a variety of grasslands and
forests should be conserved, suggest that the conservation decisions need to be made at the
area-wide level to ensure that a wide variety of natural elements are conserved across
areas, rather than trying to conserve all these elements at a single plantation location.
Allowing ENs of connected grassland and natural forest patches within the timber
production landscape seems to alleviate to some degree the effects of land transformation
due to timber plantations, at least for dung beetles (Pryke and Samways 2012a). The ENs
in the natural-agricultural system studied here seem to be hospitable to dung beetles, which
is important, as it means that one ecosystem process at least, the burying of dung and
recycling of nutrients, still takes place in this transformed production landscape.
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