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Abstract Large-scale ecological networks (ENs) are

an important mitigation measure in agriculturally

transformed landscapes. However, understanding the

multitude of pressures influencing the presence/

absence of species, and subsequent degree of species

spatial heterogeneity, is important when planning

effective ENs. We aim here to measure these pressures

and determine species heterogeneity in ENs against

natural reference sites. We use arthropods, as they are

effective bioindicators for measuring these pressures

and heterogeneity, as many are habitat sensitive. Here

we use many arthropod taxa to determine how a suite

of variables influences the spatially sensitive grassland

interior species of both EN corridors and protected

areas (PAs). At each of 48 selected sites, nine stations

were sampled for arthropods, with six stations in

plantation block (i.e. transformed grassland) or natural

indigenous forest, as well as associated edge zone and

three stations in EN corridor or PA interior. Eleven

variables were measured and classed into environ-

mental, design, and current and historical management

variables. Data were split into: overall data, recording

all species found in interior zones, and datasets

containing only species that had [50 or [75 % of

their abundance sampled in the interior zone. These

datasets were split into total species and singleton-

removed datasets. Overall, the richness of non-

singleton species, i.e. those frequently sampled in

grassland interiors, were most responsive to natural

background environmental variables, while design

and management variables were most important for

datasets with singletons retained. This means that

when planning ENs, we first need to conserve the

natural range of environmental heterogeneity to con-

serve a range of interior specialists. This natural

spatial heterogeneity then needs to be incorporated

into design and management planning to conserve the

full range of biodiversity in ENs, as if in PAs.
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Introduction

Habitat loss and fragmentation from anthropogenic

pressures is a serious threat to biodiversity (Ewers and

Didham 2006; Filgueiras et al. 2011). There is still

much conversion of the natural landscape for agro-

forestry (Cubbage et al. 2010). This can lead to

isolation of populations, which in turn, leads to the
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breakdown of metapopulations (Hanski 1998). Corri-

dors are one solution to fragmentation, and have been

shown to work empirically for focal taxa (Haddad

1999; Haddad and Baum 1999; Levey et al. 2005).

Recently, there has been a focus on ecological

networks (ENs) as a mitigation measure against

biodiversity loss in highly fragmented landscapes

(Jongman 1995; Beier and Noss 1998; Jongman 2004;

Yu et al. 2006; Hepcan et al. 2009; Gurrutxaga et al.

2010). ENs are defined as ‘‘systems of nature reserves

and their interconnections that make a fragmented

natural system coherent to support more biological

diversity than in its non-connected form’’ (Jongman

2004). Focus on ENs takes the emphasis away from

single species requirements in corridors and places it

more on favourable conditions across the landscape to

accommodate as many species as possible. As sam-

pling entire communities is impractical, we need to

research the effectiveness of ENs using selected

multiple taxa. While ENs are being designed for

biodiversity maintenance across extensive landscapes,

few studies have actually measured the efficacy of

ENs (Boitani et al. 2007), although this is now being

done for ENs associated with the South African timber

industry (Pryke and Samways 2012a, b). However,

there is still a dearth of information on the dispersion

patterns of species across the landscape, in other

words, how assemblage composition varies and

whether this is the same in ENs as in reference natural

areas.

These South African ENs consist mainly of rem-

nant grasslands (ca. 80 %), with indigenous forest and

waterways making up the other 20 %, totalling

[500,000 ha of ENs nationally among commercial

timber (Samways et al. 2010). Local regulations and

laws already protect the wetlands and natural forests in

the area and it is the grasslands that are under the most

pressure (Kirkman and Pott 2002). Although naturally

the most dominant vegetation type, grasslands are now

the most threatened ecosystem in this landscape, as

they have mostly been converted to plantation forestry

(Mucina and Rutherford 2006). These ENs are essen-

tial, as plantation forestry using alien trees is a major

threat to local biodiversity, and blocks of exotic trees

contain little indigenous biodiversity (Samways and

Moore 1991; Pryke and Samways 2009; Bremer and

Farley 2010). In response, ENs were established to

mitigate the adverse effects of plantation forestry

blocks by improving connectivity between, and

improving extensiveness of, natural habitats (Sam-

ways et al. 2010). However, creation of these ENs

leads to more edge than would be the case naturally

(Pryke and Samways 2012a). Although these grass-

land patches are set aside for conservation reasons,

they are fire managed systems, thus frequently burned,

and domestic stock grazing is permitted. These

plantations have now replaced natural grasslands and

as a result, we expect decline of some grassland

species through either the immediate footprint of the

plantation trees, or from edge effects from these alien

trees. This means that a conservation priority in these

transformed landscapes is focus on the species and

interactions which require the interior of grassland

patches (i.e. species that spend the majority of their

time in the grassland interior of the ENs), as these are

under the greatest spatial pressure.

The presence or absence of a species in space and

time can be seen as a result of many factors, both

historical and contemporary (Forman 1995). If we

want to maximise the conservation value of ENs then

we need to understand how biodiversity can be

maintained over time inside ENs. Yet inside ENs

there are many pressures that influence the abundance

of the species (Samways et al. 2010; Bazelet and

Samways 2011). Factors such as natural environmen-

tal gradients, EN design variables, current and histor-

ical management effects can all influence the

distribution and local abundance of species (Stevens

1992; Romero-Alcaraz and Avila 2000; Lomolino

2001; Pryke and Samways 2010). How biodiversity

responds to these variables will then determine where

management should be directed to maintain local

biodiversity.

Arthropods make a suite of effective focal taxa as

they are good representatives of biodiversity. They are

relatively small, hyperdiverse, can be sampled in large

numbers, and some are sensitive to environmental

variability at point localities (Weaver 1995; McGeogh

1998; McGeoch et al. 2011; Gerlach et al. 2013).

Because they rely almost entirely on point resources, it

makes them important in conservation assessment

(Stork and Eggleton 1992). However, caution is

required when using arthropods in biodiverse habitats

such as sub-tropical grasslands. In such cases, rare

species, which are often sampled as singletons or

doubletons (only one or two individuals sampled in the

whole dataset), can strongly influence species richness

and compositional measures (Fizgerald and Carlson
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2006; Barlow et al. 2010; Straatsma and Egli 2012).

Also, as each arthropod species responds differently to

the environmental and ecological pressures (Gerlach

et al. 2013), there is a need to take a multi-taxon

approach, as it is important as to record all ranges of

arthropod responses (Kotze and Samways 1999;

Tropek et al. 2008; Pryke and Samways 2010).

Although ENs are able to conserve arthropod

diversity within the timber production landscape

(Pryke and Samways 2012b), to ensure the long term

success of ENs, we also need to understand how the

interior and most sensitive species respond to a variety

of variables. This is our particular aim here, because

ultimately, such variables can be used to design ENs

that best represent local biodiversity. Here we take a

multi-taxon approach to specifically test how envi-

ronmental, design, quality, and management variables

variously influence species richness of interior assem-

blages. We do this by including and removing

singleton species, as well as species that are tolerant

of the timber plantations, namely species that are

found either in the plantations or on their edges. Using

conventional wisdom, we would expect the natural

heterogeneity to have an influence on specific taxa

(Crous et al. 2013; Pryke et al. 2013), although this

would ultimately be influenced by management (Baz-

elet and Samways 2011) and to a lesser extent by

design (Pryke and Samways 2012a). By ascertaining

which are the most influential variables affecting

species heterogeneity and influencing the interior’s

sensitive and rare species, we can then determine

which variables require focus for maximizing on

biodiversity conservation within ENs.

Methods

Study area and design

The study sites were established on three different

commercial plantations across the KwaZulu-Natal

Midlands, namely: Gilboa (29�16S; 30�18E), Good

Hope (29�40S; 29�58E) and Maybole (29�44S;

30�15E) (Fig. 1). This area is dominated by threatened

Midlands Mistbelt Grassland and Drakensberg Foot-

hill Moist Grassland, and is generally hilly and has

clay soils with rocky outcrops. These sites were

burned annually. Gilboa lies ±50 km from both Good

Hope and Maybole, which were ±30 km from each

other. All these plantations had adjacent protected

areas (PAs), here defined as large patches of natural

vegetation managed by the local conservation author-

ity. These PAs also acted as reference sites. These

three plantations were also part of the local EN and

had a network of corridors and nodes running through

them. These sections of ENs are here described as

‘corridors’ and are managed by a commercial forestry

company. All sites were 1,000–1,700 m asl.

At each site, transects were set across the landscape

mosaic: from plantation block or indigenous forest

into a grassland corridor or into the adjoining PA.

Each transect began inside the wooded area and ran

across a grassland corridor or PA (Fig. 2). Nine

sampling stations were placed along each transect, set

out on a log2 scale, with three in the plantation block

(32, 16 and 8 m from the edge), three in the edge zone

(0, 8 and 16 m from the plantation block edge) and

three in the interior zone (32, 63 and 128 m from the

plantation block edge) (Pryke and Samways 2012a;

Fig. 2). Eight replicated transects were laid out for

each of the five adjacent patches (landscape feature

where the transect originated): mature pine, medium

aged pine, young pine, mature euclaypt, or the natural

reference of indigenous forest patches running into a

grassland corridor, as well as eight transects from

mature pine blocks into the PA (Pryke and Samways

2012a). This gave a total of 48 transects, 144 zones and

432 sampling stations. All field work was intensive to

avoid seasonal effects until[10,000 individuals were

sampled and the focal species accumulation curve

began to flatten out. Field work was done by three

workers, with two working at any one time, during late

summer between February and April 2009.

At each station, 11 variables were measured. These

were the natural environmental variables of grassland

type and elevation, the EN design variables of corridor

width, adjacent patches (vegetation structure of the

nearest other patch), and whether sites were in a

corridor or in a PA, the current management variables

of vegetation height and vegetation cover, and finally,

the historic management variables represented by the

presence of alien woody plant species, alien grass

species, increaser three grasses and decreaser grasses

(Table 1). Here we regard increaser three grasses that

rangeland ecologists have identified as indicators of

land which has been historically overgrazed by large

herbivores, while decreaser grasses are those grasses

which indicate good grazing conditions and are only
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found in grasslands that are neither over- nor under-

grazed (Rensburg and Bosch 1990; O’Connor et al.

2010).

Invertebrate sampling

At all nine stations along the 48 transects, we sampled

arthropods using four sampling techniques: 200 m

diurnal searches, 100 m nocturnal searches, two pitfall

traps and 100 sweeps of a sweep net. No taxa were

specifically chosen, although the sampling techniques

favour the collection of Formicidae, Orthoptera, Ara-

neae, Lepidoptera, Odonata, Scarabaeidae, Carabidae,

Mantodea, Neuroptera, Phasmatodea and Opiliones.

Diurnal searches at each station targeted flying

arthropods, between 10h00 and 15h00, on sunny,

windless days. Nocturnal searches were done with

search lights after 20h00, only on clear, windless

nights. Both diurnal and nocturnal searches were

conducted by one observer (JSP) to reduce observer

bias. The observer walked 200 m for diurnal, and

100 m for nocturnal sampling, parallel to the planta-

tion edge, recording all focal arthropods. If a specimen

was not identifiable in the field, it was captured and

preserved for later identification.

At each station, two pitfall traps were placed 1 m

apart and each trap was 70 mm in diameter, which

captures many rare species of ants (Abensperg-Traun

and Steven 1995) and spiders (Brennan et al. 2005).

No barriers or bait were used to ensure that all captured

individuals were intercepted at the point locality.

Traps were half-filled with a 50 % ethylene glycol

solution (Woodcock 2005) and left open for three days

at a time. Arthropods on vegetation at all stations were

sampled using 100 sweeps of a 40 cm sweep net. One

sweep was a single back and forth movement through
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Fig. 1 Location map showing the three areas and the 48

transects used in this study in the KwaZulu-Natal Midlands,

South Africa. Dark grey areas show the extent of the

commercial plantation area, light grey areas show the extent

of the natural area managed by the timber company. NF = nat-

ural forest, MaP = mature pine, Eu = mature eucalypt,

MeP = medium-aged pine, YP = young pine, PA = protected

area

598 Landscape Ecol (2015) 30:595–607

123



the grass, rotated between three field workers. The

sweep netting was also conducted parallel to the forest

edge at each station along the transect. All individuals

sampled were identified to species or morphospecies,

and all spider vouchers are housed in the South

African National Collection of Arachnida, ARC,

Pretoria, South Africa, while the other vouchers are

housed in the Stellenbosch University Entomological

Collection, South Africa.

Data analyses

As the purpose of this study was to determine the

influence of various variables on specialist interior

species, only data from the interior zones of the

corridors were analysed, although the wooded and

edge zones were used to identify generalist species.

The data were split into three sub-sets: the overall data,

recording all species in the interior zones; ‘‘50 %

species’’, a dataset containing only species that

had [50 % of their abundance sampled in the interior

zone; ‘‘75 % species’’, a dataset containing only

species that had [75 % of their abundance sampled

in the interior zone. Singletons and doubletons

(henceforth just called singletons) can represent a

chance sampling event that can have major effects on

results, with some studies suggesting their removal

from biodiversity datasets (Barlow et al. 2010).

Singletons may also be non-randomly distributed

(Fitzgerald and Carlson 2006), and so they would

add a critical layer to the species richness and

community compositional results. Here we have

chosen to analyse data with all taxa (i.e. with

singletons) and with taxa excluded when their abun-

dances totalled one (singletons) or two (doubletons)

(i.e. without ‘singletons’) (Wan et al. 2010). Thus, six

datasets were analysed, three with all the singletons

still remaining in the analyses (overall, 50 and 75 %

datasets) and three with singletons removed (overall,

50 and 75 % datasets).

The relative proportion of species richness per

taxon was calculated to assess how they change

proportionally when only interior specialists were

recorded. Changes in the relative proportion of each

taxon between the overall dataset and the specialist

datasets were analysed using a Likelihood Ratio Chi

squared test (Legendre and Legendre 1998). The study

variables were placed into the categories in Table 1,

and these were then tested for covariance using

Spearman’s rank order correlations (supplementary

Table 1).

To test the influence that each of the factors had on

species richness Generalized Linear Mixed Models

(GLMM) were calculated for each of the six datasets.

Fig. 2 Conceptual diagram showing the placement of sampling

stations along the sampling transects. The stations were grouped

into two zones: wooded and edge zone; and interior zone. This

interior zone distance is based on the 32 m established by (Pryke

and Samways 2012a). Four sampling techniques were used at

each station on the transect, namely: a 200-m diurnal search, a

100-m nocturnal search, two pitfall traps and 100 sweeps of a

sweep net
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These GLMMs were performed in R (R Development

Core Team 2007) using the lme4 package (Bates and

Sarkar 2007). The overall model incorporated all the

explanatory variables listed in Table 1 as fixed effects,

with the three commercial plantations where sampling

was conducted (i.e. Gilboa, Good Hope or Maybole)

added as a random effect to the model (McCulloch

et al. 2008). Furthermore, GLMM models were built to

analyse the influence variable category (i.e. environ-

mental, design, current and historical management

variables; Table 1) had on species richness. These data

were non-normal, although fitted a Possion 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. 2009). As

these analyses showed no overdispersion of variances

compared to the models (Pearson residuals = 1.17), a

v2 statistic and p–value were calculated (Bolker et al.

2009). Post-hoc analyses were performed on signifi-

cant factors using a Tukey post hoc test in the R

package multcomp (Hothorn et al. 2008).

Results

Overall, 22,588 individuals were sampled from 469

species. From the interior of corridors or PAs, 9,104

individuals were sampled from 336 species (40.3,

71.6 % of all abundance and species richness

respectively). The 50 % dataset (containing only

species that were sampled 50 % or more times in the

corridor interiors) had 2,241 individuals from 145

species (representing 24.6 % of the abundance and

43.2 % of the species richness of all interior species).

The 75 % dataset (containing only species that were

sampled 75 % or more times in the corridor interiors)

Table 1 Classes to which

each variable is assigned,

along with each variable

and their category

descriptors

Variable class Study variable Variable categories

Environmental variables Grassland type Drakensberg Foothills Grassland

Midlands Mistbelt Grassland

Elevation Low (950–1,299 m.asl)

Medium (1,300–1,499 m.asl)

High (1,500–1,730 m.asl)

Design variables Corridor width Small (40–149 m)

Medium (150–299 m)

Large (300–599 m)

Very large (600–1,500 m)

Adjacent patch Mature pine ([10 years old),

Medium-aged pine (4–6 years old),

Young pine (\3 years old)

Mature eucalypt

Indigenous forest

Corridor versus PA Corridor in EN

Protected area

Current management variables Vegetation height Low (20–59 cm)

Medium (60–99 cm)

High (100–190 cm)

Vegetation cover Low (60–90 %)

Medium (90–99 %)

High (100 %)

Historical management variables Alien woody plants Presence/Absence

Alien grasses Presence/Absence

Increaser 3 Presence/Absence

Decreaser Presence/Absence
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had 562 individuals from 71 species (representing

6.2 % of the abundance and 21.2 % of the species

richness of all interior species). When singletons

were removed, the overall interior dataset had 8 976

individuals from 262 species (98.6 and 78.0 % of all

interior samples respectively), the 50 % dataset had 2

136 individuals from 92 species (23.5 and 27.4 % of

all interior samples respectively) and the 75 %

dataset had 470 individuals from 24 species (5.2

and 7.1 % of all interior samples respectively). There

were proportionally more grasshoppers, dragonflies,

mantids, lacewings and stick-insects in the 75 %

dataset compared to the overall interior dataset

(Table 2).

There were significant changes in species richness

for all the datasets (overall, 50 % and 75 %), with

singletons included due to the adjacent patch, vege-

tation cover and the presence of increaser three grasses

(Table 3). Elevation gave significant differences only

in species richness for the overall and 75 % datasets,

while corridor width was the only significant variable

for the overall dataset (Table 3). The presence of

woody alien species and decreaser grass species

significantly influenced species richness in the 50 %

dataset only (Table 3). Although the adjacent patch

had significant pairwise comparisons for all three

datasets, this was a varied response, with only the

indigenous forests and PAs always being significantly

higher than some of the other matrices (Fig. 3). When

the singletons were removed, only elevation signifi-

cantly influenced all datasets (Table 3). Vegetation

height influenced both the overall and 50 % dataset,

while corridor width only influenced the overall

dataset (Table 3); (Fig. 3) .

When the environmental variables were grouped

into categories, the overall dataset with the inclusion

of singletons only showed significant changes in

species richness to the historical management vari-

ables, while the 50 and 75 % datasets were signifi-

cantly influenced by the design, current and historical

management variables (Table 4). When singletons

were removed, these data were only significant for

environmental variables in the 50 and 75 % datasets

(Table 4). Environmental variables also significantly

influenced the assemblage composition in all the

datasets (including those with and without singletons)

(Table 4). The overall dataset with singletons also

showed compositional variation due to design vari-

ables (Table 4).

Discussion

Overall, species richness (for all species except

singletons-included datasets) and were highly respon-

sive to the natural background environmental vari-

ables of grassland type and elevation. This implies that

in the case of these two variables, a range of natural

landscape heterogeneity, as manifested by the char-

acter and composition of point abiotic/biotic factors

(i.e. mesofilters) across the landscape need to be in

place when conserving the whole range of species,

Table 2 Species richness and abundance with percentage of

overall richness and abundance in parenthesis for various

invertebrate groups

All 50 % spp 75 % spp

Species richness

Ant 53 (26.9) = 22 (27.6) = 9 (27.3)

Grasshopper 38 (19.3) = 14 (17.4) : 7 (21.2)

Spider 34 (17.3) = 13 (16.3) ; 3 (9.1)

Butterfly 25 (12.7) = 10 (12.5) = 2 (6.1)

Dragonfly 14 (7.1) = 5 (6.3) : 4 (12.1)

Dung beetle 12 (6.1) = 6 (7.5) ; 3 (9.1)

Ground beetle 8 (4.1) ; 2 (2.4) = 1 (3.0)

Mantid 5 (2.5) = 2 (2.4) : 2 (6.1)

Lacewing 3 (1.5) : 3 (3.8) : 1 (3.0)

Stick insect 3 (1.5) = 2 (2.4) : 1 (3.0)

Harvestman 2 (1.0) = 1 (1.2) = 0 (0.0)

Species richness with singletons and doubletons removed

Ant 48 (28.4) = 18 (32.1) = 6 (50.0)

Spider 31 (18.3) = 10 (17.9) = 0 (0)

Grasshopper 30 (17.8) = 8 (14.3) = 2 (16.7)

Butterfly 22 (13.0) = 8 (14.3) = 0 (0)

Dragonfly 11 (6.5) = 2 (3.6) = 1 (8.3)

Dung beetle 7 (4.1) = 3 (5.6) = 1 (8.3)

Ground beetle 6 (3.6) = 1 (1.8) = 0 (0)

Mantid 4 (2.4) = 1 (1.8) = 1 (8.3)

Stick insects 3 (1.8) = 2 (3.6) = 1 (8.3)

Lacewing 2 (1.2) = 2 (3.6) = 0 (0)

Harvestman 1 (0.6) = 0 (0) = 0 (0)

50 % spp and 75 % spp = results where only species with

abundances of [50 or 75 % respectively within the interior

zones of ecological networks or protected areas are given. The

results of a Chi squared test (using the Least-likelihood ratio)

on the relative proportions of each group per category (only

looking at species with 50 or 75 % of their abundances in the

interior zones) are given with = representing no significant

difference, : significantly higher and ; significantly lower

results
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common and rare. However, for datasets with arthro-

pod singletons included, design and management

variables were the most important factors. These

design and management variables are particularly

important for retaining the rare species, within the

system of well managed interior zones. Importantly,

Table 3 Results of a Generalised Linear Mixed Models (with

Poisson distribution) of the differences in species richness

(values represent the v2 statistic) in response to various

environmental variables, for all species and species which were

sampled [ 50 or 75 % within the interior zones of ecological

networks or protected areas respectively

DF With singletons and doubletons Without singletons and doubletons

Spp richness Posthoc Spp richness Posthoc

All species

Grassland type 1 2.86 0.61

Elevation 2 14.72**** L [ H; M [ H 7.44* L [ M

Corridor width 3 9.30* VL [ M, L 6.05* S [ PA

Adjacent patch 4 17.04** See Fig. 3 6.64 See Fig. 3

Corridor vs PA 1 0.01 0.34

Veg height 2 2.62 7.52* L [ H

Veg cover 2 12.73** M [ H; M [ L 0.81

Woody IAP 1 2.02 0.01

Grass aliens 1 0.40 0.24

Increaser 3 1 14.05*** Pres [ Abs 0.80

Decreasers 1 2.68 0.14

50 % species

Grassland type 1 1.96 0.66

Elevation 2 17.19*** L [ H; L [ M 11.71** L [ H

Corridor width 3 7.24 3.95

Adjacent patch 4 45.31*** See Fig. 3 10.01 See Fig. 3

Corridor vs PA 1 0.03 3.77

Veg height 2 2.11 11.21** L [ H

Veg cover 2 16.51*** M [ L; L [ H 1.38

Woody IAP 1 2.96 1.77

Grass aliens 1 0.57 2.61

Increaser 3 1 18.27*** Pres [ Abs 0.99

Decreasers 1 3.18 0.48

75 % species

Grassland type 1 0.09 0.01

Elevation 2 2.20 6.47* L [ M

Corridor width 3 2.79 0.35

Adjacent patch 4 21.45*** See Fig. 3 4.11 See Fig. 3

Corridor versus PA 1 0.04 0.69

Veg height 2 1.21 0.78

Veg cover 2 27.29*** L [ M 1.88

Woody IAP 1 5.55* Abs [ Pres 0.01

Grass aliens 1 0.17 0.02

Increaser 3 1 6.45* Pres [ Abs 0.33

Decreasers 1 5.52* Abs [ Pres 0.15

L low, M medium, H high, Pres presence, Abs absence, La large, VL very large, S Small, PA protected area, IAP invasive alien plant

* p \ 0.05, ** p \ 0.01, *** p \ 0.001, [ significantly greater than
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the results showed significant changes due to eleva-

tion, grassland type and adjacent patch in both

arthropod species richness. Thus, these were the three

most important variables to consider in these com-

mercially designed landscapes. As reported by Pryke

and Samways (2012b), there was no significant

difference between interiors of EN corridors and PAs.

Bazelet and Samways (2011) showed that for

grasshoppers, management was more important than

design, but here using multi-taxon datasets, we found

Fig. 3 Results of a Generalised Linear Mixed Model (with

Poisson distribution) for the differences in species richness in

response to the adjacent patches, for all species and for species

which were found more than 50 or 75 % within the interior

zones respectively, for all species and with singletons and

doubletons removed. Ind For = indigenous forest, Mat

Pine = mature pine, Med Pine = medium aged pine,

PA = protected area, Y Pine = young pine. Different letters

above bars represent pairwise differences, thus those without

letters show no significant differences to other adjacent patches
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no evidence for that. Design and management vari-

ables (which equated to maximal heterogeneity) both

were important for maintaining overall biodiversity in

the ENs, particularly the rare species. This under-

scores the importance of using a multi-taxon approach

for determining the overall importance of design vis-à-

vis management variables. Of the design variables, the

adjacent patch was the most important, emphasizing

the importance of context. The indigenous forest

adjacent to grassland was important here, as it added

new species to these grasslands. This underscores the

importance of maintaining these natural landscape

elements in association with one another (i.e. grass-

land and forest).

Vegetation cover had an effect on species richness,

which is likely due to recent burning and grazing

regimes (management variables), and so emphasises

the dynamic nature of these grassland systems for

arthropods. The presence of increaser three or

decreaser grasses also had more effect on the

presence of arthropods than did the presence of

woody alien plant species which suggests that the

structural changes by long term fire and grazing

regimes are more important than the presence of alien

plants. However, these alien plants have only

recently established in these areas, and their long-

term effects remain unknown.

Similar to Fitzgerald and Carlson (2006), the

presence of singletons does not appear to be random,

and they responded to specific environmental vari-

ables. Thus the exploration of data with and without

singletons (i.e. including and excluding rare species

respectively) is an appropriate way to determine how

the overall assemblage changes due to specific

ecological factors. The inclusion of singletons, or

not, still remains embedded in the ecological question

that is being asked (Wan et al. 2010). The use of

singletons is appropriate for assessing subtle changes

in assemblages to changing environments, whereas

their removal is important when monitoring general

responses of the assemblage to the environment. These

singleton removed datasets suggests that these

responses were driven by the overall environment,

with the common species responding to similar

variables. Here we determined the grassland specialist

species by determining which species were more often

found in the interiors of corridors of ENs and PAs.

This worked well at highlighting the most important

variables to consider in landscape planning.

Spatial heterogeneity has been shown to be impor-

tant for many arthropods (Zulka et al. 2014), for

example bees (Lentini et al. 2012), butterflies (Crous

et al. 2014; Slancarova et al. 2014), dragonflies (Grant

and Samways 2011) and dung beetles (Pryke et al.

2013). Yet the most important landscape planning

tools are size, management, structure, etc. (Forman

1995). This disjunction between how the arthropods

respond to the landscapes and how landscapes are

planned is most likely due to landscape planning being

based on anthropocentric concepts, whereas, the

arthropods are responding to specific mesofilters/

microhabitats (Hunter 2005; Crous et al. 2013). Here

we did not aim to examine the role of transformed

landscape heterogeneity (i.e. spatial configuration,

relative size, shape, etc. of patches). Rather we

focused on the degree of natural heterogeneity and

Table 4 Sampling variables categorised into four general

categories (environmental, design, current management and

historic management variables) and then analysed for changes

in species richness and assemblage composition, with and

without singletons and doubletons, using Generalised Linear

Mixed Models for species richness analyses (values represent

v2 statistic) and PERMANOVAs for assemblage composition

analyses (values represent Pseudo-F values)

Environmental Design Current Historic

Species richness

All species 5.85 12.06 8.00 10.43*

50 % specialists 5.78 24.96*** 8.30* 11.46**

75 % specialists 1.97 12.13* 11.77** 9.48*

Species richness singletons and doubletons removed

All species 7.64 6.71 7.95 1.67

50 % specialists 8.17* 8.84 8.26 0.60

75 % specialists 7.03* 3.42 1.73 0.01

* p \ 0.05, ** p \ 0.01, *** p \ 0.001
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the importance of incorporating it into the ecological

network model, especially for conservation planning.

This natural heterogeneity is also not just restricted

to the spatial aspects, as reported here, but most likely

also influenced by temporal heterogeneity, especially

as species use different microhabitats for different

behaviours at different times of the year (Sobek et al.

2009; Dennis 2010). Furthermore, the dynamic

between the spatial and the temporal requirements

for species is an important consideration for ENs, as

the landscape needs to provide specific resources for

populations at specific times of the year for certain

species to persist.

When planning the ENs within future production

landscapes, we first need to consider the natural

variation of the landscape (Benton et al. 2003). For

this, it is critical to include a range of natural

heterogeneity, particularly for the rare, dependant

(on plants or other mesofilter manifestations) species

in the landscape (Hunter 2005; Crous et al. 2013).

Thus, the cornerstone to implementing ENs or any

transformation of pristine landscapes into production

landscapes is the understanding of the spatial compo-

sition of species (and their interactions), as well as the

natural heterogeneity within and across the landscape.

Once the natural, reference level of spatial heteroge-

neity is incorporated into the EN design, then other

design variables, especially corridor width and adja-

cent habitats (Driscoll et al. 2013), as well as

management procedures for these landscapes, can be

implemented so as to maintain the natural level of

biodiversity across the transformed landscape. This

can only be determined when this heterogeneity is

referenced against sites of good quality, i.e. nearby

PAs. Thus, to effectively manage and design ENs, we

need to maintain spatial and also, most likely,

temporal heterogeneity. By integrating the dynamic

of both spatial and temporal elements, there is the

possibility of maintaining habitat heterogeneity over

time. Such maintenance of spatial heterogeneity may

be viewed as a temporal shifting mosaic of habitat

patches of similar seral stages. It can be achieved by

using appropriate intervention management (such as

burning) where like seral stages are maintained across

the landscape but not necessarily in the same locations

over time (Swengel 1998).
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W, Reischütz A, Querner P, Sauberer N, Schmitzberger I,

Willner W, Thomas Wrbka T, Zechmeister H (2014)

Species richness in dry grassland patches of eastern

Austria: a multi-taxon study on the role of local, land-

scape and habitat quality variables. Agri Ecosys Environ

182:25–36

Landscape Ecol (2015) 30:595–607 607

123


	Conserving natural heterogeneity is crucial for designing effective ecological networks
	Abstract
	Introduction
	Methods
	Study area and design
	Invertebrate sampling
	Data analyses

	Results
	Discussion
	Acknowledgments
	References


