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Abstract 

 

Land use change is leading to rapid biodiversity loss in terrestrial ecosystems worldwide.  Ecological 

networks (ENs) are systems of remnant natural habitat which remain intact in a transformed matrix, 

and have been suggested as a means to mitigate the effects of habitat loss and transformation and the 

resulting loss of biodiversity.  Conceptually, ENs are similar to habitat corridors but are larger in scale 

and more heterogeneous in their design and management.  Like corridors, the efficacy of ENs for 

biodiversity conservation has been called into question and requires empirical investigation.  South 

Africa boasts a unique system of extensive ENs associated with exotic timber plantations, mostly 

within the highly endangered grassland biome and Indian Ocean Coastal Belt in KwaZulu-Natal 

Province, South Africa.  In these regions, grasshoppers respond sensitively to management practices 

such as grazing, mowing and burning, justifying their a priori selection as an ecological indicator.  In 

this study, I utilize grasshopper assemblages to determine the efficacy of ENs for biodiversity 

conservation and suggest guidelines for EN optimization.  Specifically, I assess grasshopper 

assemblage sensitivity and robustness to habitat quality within ENs, congruence of grasshoppers with 

butterflies, and I identify indicator species which can be utilized by managers for EN assessment in 

future.  I also perform a case study of isolated fragment utilization by a highly mobile generalist 

species, the bird locust, Ornithacris cyanea (Stoll, 1813) (Acrididae: Cyrtacanthacridinae).  

Grasshopper assemblages were sampled within ENs in two geographic regions (Zululand and 

the KwaZulu-Natal Midlands) and in two years (2007 and 2008) during the peak season of 

grasshopper abundance, late summer (February-April).  Local-scale environmental variables relating 

to management practices and landscape-scale environmental variables relating to design of the ENs 

were quantified.  Management practices explained, on average, two-thirds of the variability in 

grasshopper assemblages that could be explained, while design variables explained one-third.  Grass 

height and the time since the last fire event were most consistently influential, while area, context, 

isolation, proportion of bare ground and proportion of forbs at a site, proved influential in some 

analyses but not others.  This response was robust over time and among geographic regions.  

Grasshopper species richness and abundance were highly congruent with that of butterflies and did 

not differ among isolated fragments, connected corridors and reference sites, although they did differ 

among geographic regions.   

Not all grasshopper species responded similarly to ENs.  There was a strong phylogenetic 

signal in species response to environmental variables, with the distribution of highly mobile families 

varying more among years.  Linear, heavily disturbed power line servitudes had higher grasshopper 

abundance, and generalist species consistent with early successional assemblages.  Reference sites 

had more graminivorous species and those with intermediate mobility.  Three species of grasshopper 



 iv 

 

were identified with IndVal and validated on an independently collected dataset as indicators of high 

habitat quality.  A case study of the bird locust showed that populations of this highly mobile species 

were effectively isolated and undergoing anthrovicariance even at short distances. 

These results indicated that heterogeneous ENs supported diverse grasshopper assemblages, 

although movement among isolated fragments may have been limited.  A grasshopper bioindication 

method for South Africa’s ENs is suggested and has great potential for assessment of a crucial and 

sensitive trophic layer within the ENs.  This method should be field-tested and revised over time as 

grasshopper relative abundances and species compositions may change.  Increased heterogeneity, 

simulation of multiple successional stages, and increased connectivity are expected to positively 

impact biodiversity, particularly of insect primary herbivores.  Globally, ENs, if managed and 

designed appropriately, have potential to enhance biodiversity, particularly of smaller resident 

organisms which can utilize the ENs for movement and live within them.   
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Opsomming 

 

Veranderinge in grondgebruik lei tot ‘n vinnige verlies van biodiversiteit in terrestriële 

ekosysteme wêreldwyd. Ekologiese netwerke (ENs) is sisteme van oorblywende natuurlike 

habitat wat ongeskonde bly in getransformeerde matrikse, en is voorgestel as ‘n manier om 

die verlies aan biodiversiteit as gevolg van habitatverlies en transformasie te verminder. 

Konseptueel, is ENs soortgelyk aan habitat korridors, maar is groter in omvang en meer 

heterogeen in hulle ontwerp en bestuur. Soos korridors, is die effektiwiteit van ENs om 

biodiversiteit te bewaar bevraagteken, en vereis dit empiriese ondersoek. Suid-Afrika spog 

met ‘n unieke stelsel van uitgebreide ENs wat geassossieer is met uitheemse plantasies, 

meestal in die hoogs bedreigde grasveld bioom en Indiese Oseaan kusstrook in KwaZulu-

Natal Provinsie, Suid Afrika. In hierdie streek reageer sprinkane sensitief op 

bestuurspraktyke soos beweiding, sny en brand. In hierdie studie het ek sprinkaan 

gemeenskappe gebruik om die effektiwiteit van ENs vir bewaring van biodiversiteit te bepaal 

en om riglyne te stel vir EN optimering. Spesifiek het ek sprinkaan gemeenskap sensitiwiteit 

en robustness tot habitat kwaliteit bepaal, oreenstemming tussen sprinkane en skoenlappers 

getoets, en het ek indikator species geïdentifiseer wat in die toekoms deur bestuurders 

gebruik kan word vir EN assessering. Ek het ook ‘n gevallestudie gedoen van geïsoleerde 

fragment benutting deur ‘n hoogs mobiele, algemene spesie, Ornithacris cyanea (Stoll, 1813) 

(Acrididae: Cyrtacanthacridinae). 

 Sprinkaan gemeenskappe was versamel in twee geografiese gebiede (Zululand en die 

KwaZulu-Natal Midlands) en in twee jare (2007 en 2008) gedurende die seisoen van hoogste 

sprinkaan aktiwiteit, laat somer (Februarie – April). Plaaslike-skaal omgewingsveranderlikes 

met betrekking tot bestuurspraktyke en landskap-skaal omgewingsveranderlikes met 

betrekking tot die ontwerp van ENs is gekwantifiseer. Bestuurspraktyke verduidelik, 

gemiddeld, twee derdes van die variasie in die sprinkaan gemeenskappe, terwyl 

ontwerpveranderlikes een derde verduidelik. Grashoogte en tyd sedert die laaste brand was 

konsekwent invloedryk, terwyl area, konteks, isolasie, hoeveelheid kaal grond en hoeveelheid 

kruidagtige plantegroei invloedryk was in sekere analyses, maar in ander nie. Hierdie reaksie 

was konstant oor tyd en tussen geografiese gebiede. Sprinkaan spesies rykheid en 

hoeveelheid was hoogs kongruent met die van skoenlappers, en het nie verskil tussen 

geïsoleerde fragmente, verbinde korridors en verwysingsareas nie, maar hulle het verskil 
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tussen geografiese streke. Nie alle sprinkaan spesies het soortgelyk gereageer tot ENs nie. 

Daar was ‘n sterk filogenetiese sein in spesies reaksies op die omgewingsveranderlikes, met 

meer variasie tussen jare in die verspeiding van hoogs mobiele families. Liniêre, hoogs 

versteurde kraglyn dienspaaie het hoer sprinkaan hoeveelhede gehad en algemene spesies wat 

geassosieer is met gemeenskappe in vroeë stadiums van suksessie. Verwysingsareas het meer 

graminivorous spesies gehad en spesies met intermediêre mobiliteit. Drie sprinkaan spesies is 

geïdentifiseer met IndVal en bevestig met ‘n onafhanklik versamelde dataset as indikators 

van hoë kwaliteit habitat. ‘n Gevallestudie op O. cyanea het aangedui dat populasies van 

hierdie hoogs mobiele spesie geïsoleerd is en dat hulle anthrovicariance ondergaan, selfs op 

kort afstande.  

 Hierdie resultate dui aan dat heterogene ENs diverse sprinkaan gemeenskappe 

ondersteun, hoewel beweging tussen geïsoleerde fragmente dalk beperk is. Verhoogde 

heterogeneïteit, simulasie van verskeie suksessiewe fases en meer konnektiwiteit sal moontlik 

‘n positiewe invloed op biodiversiteit hê, aangesien sprinkane verteenwoordigend was van 

insek primêre herbivore. Wêreldwyd, as ENs op ‘n gepaste manier bestuur en ontwerp word, 

het dit die potensiaal om biodiversiteit te bevorder. Dit is veral belangrik vir kleiner, plaaslike 

organisms wat ENs kan benut vir beweging en as leefhabitat. ‘n Sprinkaan bioindikasie 

metode vir Suid-Afrika se ENs is voorgestel en het groot potensiaal vir die assessering van ‘n 

belangrike en sensitiewe trofiese laag binne die ENs. Hierdie metode moet in die praktyk 

getoets word en hersien word oor tyd om veranderinge in sprinkaan relatiewe hoeveelhede en 

spesies komposisies in ag te neem.  
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Chapter 1 

General introduction 

 

1.1. Biodiversity in crisis – the role of habitat destruction 

Human-induced changes to Earth’s atmosphere, terrestrial and marine ecosystems are 

reshaping the composition, functionality and structure of our natural world.  Biodiversity is 

paying the ultimate price for these changes, and species extinctions are estimated to be 

occurring at 100 to 1000 times the rate of pre-human levels (Sala et al. 2000).  Despite 

increased global responses to slow these effects, indicators of biodiversity and indicators of 

pressure on biodiversity, show that the condition is not improving (Butchart et al. 2010).  

Habitat destruction poses by far the largest threat to global biodiversity (Tilman et al. 1994; 

Pimm and Raven 2000) followed by climate change, nitrogen deposition, changes in 

atmospheric CO2 (Sala et al. 2000), and biological invasions (Gaston 2005; Tylianakis et al. 

2008).  Species extinctions lead to loss of functionality in an ecosystem, by altering host-

parasite, predator-prey, and pollination interactions (Kruess and Tscharntke 1994; Grime 

1997; Loreau et al. 2001; Tylianakis et al. 2007).  Competitive interactions and mutualisms 

among plants, animals and decomposers are also harmed by the pressures on biodiversity 

(Tylianakis et al. 2007).  Extinction cascades can be initiated, especially if a keystone species 

or an entire functional group is lost (Fischer and Lindenmayer 2007). 

 Different species and habitats respond differently to habitat destruction (Ewers and 

Didham 2006).  Habitats or biomes which are rich in endemic species are most prone to 

species extinctions (Pimm et al. 1995).  This is presumably because dominant competitors 

(e.g. highly mobile, generalist species) are less strongly affected by habitat destruction 

because of their ability to colonize new areas and to adapt readily to conditions within their 

new habitat (Tilman et al. 1994; Tscharntke et al. 2002a; Henle et al. 2004; Samways 2005; 

Ewers and Didham 2006).  However, it is difficult to predict which species are most prone to 

extinction because most known extinctions resulted from multiple processes whose combined 

effect was unexpected (Lindenmayer and Fischer 2006).  Theoretically, extinctions should 

occur in decreasing order of competitive ability (Tilman et al. 1994).  In practice, this is not 

always the case because when a habitat is degraded, a process of reordering is initiated.  The 

resultant community depends on the ability of species to subsist or outcompete one another 

(Weiher and Keddy 1999).  Occasionally, this process may result in a ‘catastrophic regime 
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shift’, and an entirely new assemblage of species may reach an equilibrium (Scheffer and 

Carpenter 2003).   

  

1.2. Habitat loss and fragmentation  

Habitat destruction has two synergistic components: habitat loss, wherein the total area of 

available habitat is reduced; and habitat fragmentation, wherein the remaining habitat is 

discontinuous and geographically structured (Fahrig 2003).  These processes usually co-occur 

but may have distinct and even opposite effects (Fahrig 2002; Lindenmayer and Fischer 

2007; Yaacobi et al. 2007).  Habitat loss has been directly linked to decline in species 

abundance and diversity.  Habitat fragmentation, however, has positive, negative, or neutral 

consequences for species (Fahrig 2003; Grez et al. 2004; Ewers and Didham 2006; Yaacobi 

et al. 2007).  Understanding the numerous and diverse effects of habitat fragmentation on 

organisms requires simultaneous investigation of two key principles: structure of the 

landscape and population dynamics.   

MacArthur and Wilson’s (1967) theory of island biogeography was the first to 

provide a dispersal-based explanation (i.e. colonization vs. extinction) of the occurrence of 

island communities rather than a niche-based explanation (i.e. resource and habitat 

availability) (Jongman and Pungetti 2004).  The original theory addressed the issue of 

populations on oceanic islands, but has been expanded and interpreted to include terrestrial 

habitat ‘islands’ in a ‘sea’ of inhospitable matrix (Haila 2002).  The theory of island 

biogeography proposed that rates of colonization and extinction are influenced by an island’s 

size and isolation, and that they balance at an equilibrium number of species (Lindenmayer 

and Fischer 2006).  However, research has shown that many more factors exert an influence 

on habitat islands than just their size and isolation (Laurance 2008).  The discipline of 

landscape ecology provides a more complex means to link the spatial patterns of organisms 

and ecosystem types within a landscape with their ecological effects, function and process 

(Turner 1989; Gustafson 1998; Turner 2005a; Turner 2005b).   In the field of metapopulation 

dynamics, landscape ecology is studied in combination with population dynamics of an 

individual species.  

 A metapopulation is a system of spatially distinct populations connected by 

movements of individuals (dispersal) between the population units (Hanski 1998).  A 

metapopulation is viable as long as dispersal is possible among the populated habitat 

fragments (Hanski and Ovaskainen 2000).  This is a function of landscape characteristics, as 

well as the species ability to disperse among the fragments.  Metapopulation studies have 
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been crucial for developing our understanding of the effects of habitat fragmentation (Hanski 

1999; Kindvall 1999; Lawes et al. 2000; Johst et al. 2002; Nicol and Possingham 2010).   

 

1.3. Habitat fragmentation landscape effects 

By definition, landscapes incorporate varying degrees of habitat fragmentation and can be 

visualized as ‘patch-corridor-matrix’ models (Forman 1995).  Individual habitat fragments 

within the same landscape differ in their shape, size, isolation and habitat quality.  Diversity 

in fragment characteristics elicits diverse responses from resident organisms (Laurance 

2008).  Fragmentation effects are decomposed into several influential underlying and 

interdependent processes.  The interplay of multiple factors confounds efforts to measure 

their effects separately, but several distinct landscape effects have been identified which 

affect habitat fragments (Tscharntke et al. 2002a; Ewers and Didham 2006; Fletcher et al. 

2007; Laurance 2008).   

 

1.3.1. Size, shape and isolation effects 

The relative importance of size, shape and isolation of habitat fragments has been tested 

extensively.  However, few straightforward guidelines have emerged because the relative 

importance differs among species with different traits, and detection of species response is 

often confounded by scale of the study, habitat quality, matrix, and edge effects (see below) 

(Prugh et al. 2008).  The SLOSS (Single Large Or Several Small) debate, in which scientists 

disputed which of the two options was optimal for reserve design, illustrates this lack of 

consensus (Samways 2005).  Scientists eventually arrived at a practical agreement, that 

reserves should be as large and continuous as possible (Samways 2007b).   

Many recent studies have investigated whether small fragments have value.  Insects 

have been shown to effectively utilize small fragments (Abensperg-Traun and Smith 1999; 

Tscharntke et al. 2002b; Duelli and Obrist 2003b), while grassland birds cannot (Lipsey and 

Hockey 2010).  Irregularly shaped and small fragments also have a higher proportion of 

‘edge habitat’ as compared with other fragments, influencing their efficacy for biodiversity 

conservation (Ewers and Didham 2006).  In Japan, increased area and circular shape 

positively influenced abundances of birds, plants and butterflies with an affinity for interior 

habitat (Yamaura et al. 2008).  In Germany, habitat area affected butterfly specialists more 

than generalists, landscape diversity had a positive influence on generalists only, and 

isolation had no effect (Krauss et al. 2003).  Similar results for generalist and specialist 
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weevils and leafhoppers in Canada showed that generalists were affected most by landscape 

diversity and that isolation had no effect on either group (Jonsen and Fahrig 1997).   

In a literature review comparing area and isolation effects on several community 

variables in several types of patch-matrix systems, area of the fragment explained a greater 

amount of variation in species richness than isolation.  Of the patch-matrix types, sky islands 

were most responsive to isolation (Watling and Donnelly 2006).  Sky islands are high 

elevation habitat fragments isolated by a matrix of a different habitat type at a lower elevation 

(Baker 2008).  They are not human-induced, occur on a regional spatial scale and their 

diversification occurred naturally over geological time scales (Knowles 2000).  They can be 

seen to represent the furthest possible extreme of isolation by habitat fragmentation.   

 

1.3.2. Edge effects 

Edge habitat is the marginal zone between the natural habitat fragment and the matrix (Ries 

et al. 2004).  Edges play an important role in species response to habitat fragmentation 

because of the distinct microclimatic and ecological conditions within them, which differ 

from the interior of both the fragment and the matrix (Hilty et al. 2006; Ewers and Didham 

2006; Lindenmayer and Fischer 2006; Laurance 2008).  The matrix exerts an influence on the 

fragment by processes such as leaching elements from the soil or casting a shadow.  They 

may affect irradiation, temperature, humidity, soil properties, and wind velocity for some 

distance into the fragment (Tscharntke et al. 2002a).  The width of the edge varies (Laurance 

et al. 2002) depending on the contrast between the fragment and matrix (Collinge and Palmer 

2002).  Edges are ‘soft’ if the difference between the matrix and the fragment is subtle (e.g. 

short grass vs. long grass) (Collinge 1998).  If the degree of contrast between the matrix and 

fragment is extreme, then the edge is considered ‘hard’ (e.g. exotic timber plantation vs. 

natural grassland) (Collinge and Palmer 2002).  The harder the edge, the less likely that the 

resident organisms will be capable of utilizing it as habitat or for movement, and the more 

effectively isolated the fragment is.   

Conditions within edge habitat play an important role in species’ response to habitat 

fragmentation by serving as a refuge for both matrix and fragment species.  Ecological 

conditions are more variable at fragment-matrix edges than in the interior of either, often 

leading to elevated abundance and species richness at the edge, thereby influencing species 

interactions (Tscharntke et al. 2002a).  Fragmentation processes are often magnified in 

isolated fragments and in those with convoluted shapes, as these have more associated edge 

effects.  Additionally, edge habitats are prone to increased human-induced disturbance 
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regimes such as biological invasions and the influx of pesticides from nearby crops 

(Tscharntke et al. 2002a; Ewers and Didham 2006; Laurance 2008). 

  

1.3.3. Matrix effects 

Recent criticism has claimed that the typical ‘patch-corridor-matrix’ model focuses on the 

fragment only and ignores the role of the matrix on biodiversity (Ricketts 2001; Kupfer et al. 

2006).  The matrix can significantly influence fragmentation effects by regulating species’ 

dispersal (Ricketts 2001), resource provision (Haynes et al. 2007) and microclimate 

conditions in the edge (Kupfer et al. 2006; Laurance 2008).  This depends strongly on the 

degree of contrast between the fragment and matrix (Ewers and Didham 2006; Laurance 

2008; Prevedello and Vieira 2010).  When the matrix is utilized by the organism for 

movement (acts as a filter rather than a barrier), this may confound the detection of size and 

isolation effects (Bender and Fahrig 2005; Prugh et al. 2008).  While a good quality matrix 

can provide connectivity for biodiversity (Stevens et al. 2004), it is usually less influential 

than patch size and isolation for determining ecological parameters (Goodwin and Fahrig 

2002; Prevedello and Vieira 2010). 

 

1.3.4. Habitat quality 

For some organisms, fragment shape, size, and isolation may be inconsequential if the habitat 

quality within the fragment is poor (Samways 2007b).  For instance, in Canada, butterfly 

immigration increased with decreased isolation, but fragment area was less influential than 

host plant density in the fragment (Matter et al. 2003).  In California, area and isolation were 

less influential for occupancy and turnover of a butterfly than habitat quality (Fleishman et al. 

2002).  This was true in South Africa, as well, where butterflies (Pryke and Samways 2003), 

pollinators (Field 2002), and insect herbivores (Bullock and Samways 2006) occurred within 

isolated fragments as long as their host plant was present.  For forest moths in the USA, 

habitat quality and local patch size were more important than landscape context (Summerville 

and Crist 2004).   

 

1.4. Habitat fragmentation and issues of scale  

Prediction and measurement of the effects of habitat fragmentation are spatially and 

temporally scale-dependent (Lindenmayer and Fischer 2006).  Habitat fragmentation is a 

landscape scale process, but many studies have focused on the patch scale, and missed many 

of the larger impacts (Fahrig 2003).  For instance, metapopulations are spatially structured 



CHAPTER 1: INTRODUCTION 6 

 

and must be investigated as multiple populations which exchange individuals.  A study 

investigating the population at an individual patch would overlook important ecological 

dynamics.  Scale is a critical component of landscape ecology, and the patch-corridor-matrix 

model at one spot may differ depending on the scale of observation (O'Neill and Smith 2002; 

Hilty et al. 2006).   

 There is an inherent time lag associated with the effects of habitat fragmentation 

which confound estimates of fragmentation effects or prediction of consequences (Jackson 

and Sax 2010).   Immediately following a habitat destruction event, there is an initial 

‘crowding effect’ or ‘immigration credit’ in which species become concentrated in the 

remaining habitat and an increase in species numbers is observed (Grez et al. 2004; Jackson 

and Sax 2010).  The process ends in ‘extinction debt’ whereby the majority of extinctions 

only occur generations after the initial habitat destruction and therefore the extinctions may 

not be directly attributed to their cause (Tilman et al. 1994).  Studies taking place at any one 

point in time, must take into account the uncertainty associated with these ongoing processes 

and the temporal dynamics at play (Fleishman et al. 2002). 

  

1.5. Mitigation of habitat fragmentation 

Several theoretical fields have arisen from the need to mitigate the effects of habitat 

fragmentation.  Connectivity research and corridor ecology address species movement and 

survival in altered and human-dominated, discontinuous landscapes (Hilty et al. 2006; 

Lindenmayer and Fischer 2006). 

 

1.5.1. Connectivity 

Connectivity is defined as the degree to which a landscape facilitates or hinders movement of 

organisms among resource patches (Tischendorf and Fahrig 2000b).  The term has been used 

to denote a variety of processes and is measured in a variety of ways, causing some 

inconsistency in the literature (Tischendorf and Fahrig 2000b; Goodwin and Fahrig 2002).  

Measures of connectivity include landscape, population or ecological features such as 

interpatch distance (Tischendorf and Fahrig 2000a; Goodwin and Fahrig 2002), genetic 

variation among connected populations (Horskins et al. 2006), cell immigration, dispersal 

success (Tischendorf and Fahrig 2000a), relative movement ability (Pither and Taylor 1998), 

movement of individual organisms (Beier and Noss 1998), and probability of connectivity 

(Saura and Pascual-Hortal 2007).  As a result of the multiplicity of measurements and 

concepts within connectivity, experimental evidence has both supported connectivity as a 
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mitigation measure (Fahrig and Merriam 1985; e.g. Berggren et al. 2001; Berggren 2005) and 

rejected it (e.g. Horskins et al. 2006).   

According to the precautionary principle, regardless of how we measure it, increased 

connectivity is a logical solution to promote species dispersal in fragmented landscapes 

(Tischendorf and Fahrig 2000a; Tischendorf and Fahrig 2000b; Bailey 2007).  In other 

words, “Those who would destroy the last remnants of natural connectivity should bear the 

burden of proving that corridor destruction will not harm target populations” (Beier and Noss 

1998).  Connectivity can be achieved by increasing the amount of habitat in the immediate 

surrounds of the fragment, decreasing the degree of contrast between the fragment and matrix 

by improving the quality of the matrix (Donald and Evans 2006), creating a buffer zone 

around the fragment, or implementing corridors or stepping stones (Lindenmayer and Fischer 

2006; Bailey 2007).   

 

1.5.2. Corridors   

A corridor can be defined functionally or structurally (Forman 1995).  Functionally, a 

corridor is a linear landscape element that provides for movement between habitat patches, 

but not necessarily reproduction.  Thus, not all life history requirements of a species may be 

met in a corridor (Hilty et al. 2006).  Structurally, a corridor is any linear strip of land whose 

length is longer than its width and whose land use type contrasts with the environment on its 

edges (Rosenberg et al. 1997).  Corridors are intended to mitigate the effects of habitat loss 

by providing movement paths for individuals from isolated populations to reach each other, 

in order to maintain large enough populations to prevent negative effects of stochasticity, 

retain genetic diversity, and maintain ecological processes (Chetkiewicz et al. 2006).  In 

addition, if the organism is small enough and the corridor large enough and of good enough 

quality, it can constitute habitat within which organisms can live (Hilty et al. 2006).   

Corridors have been criticized for three main reasons: 1) lack of empirical evidence 

supporting their establishment; 2) possible negative impacts; and 3) cost-effectiveness 

(Simberloff et al. 1992; Bennett 1999).  The first criticism has since been addressed by 

numerous studies which have gathered empirical evidence in experimental and real corridors 

and computer simulations, to test whether corridors fulfill their intended function.  Although 

results vary, meta-analytical reviews found that overall, corridors increased movement 

between patches by 50% relatively to patches not connected by corridors (Gilbert-Norton et 

al. 2010), and that existing corridors provided better evidence for organism utilization than 

corridors created solely for experimentation (Beier and Noss 1998; Gilbert-Norton et al. 
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2010).  Current evidence shows that the benefits of corridors outweigh the associated costs 

(Beier and Noss 1998; Gilbert-Norton et al. 2010). 

 

 1.5.3. Stepping stones 

Stepping stone corridors are relatively small, isolated patches of native vegetation scattered 

throughout a matrix to increase connectivity of a landscape by facilitating movement of 

organisms and providing additional natural habitat for persistence (Forman 1995; Bennett 

1999; Lindenmayer and Fischer 2006).  Stepping stones are often implemented in regions 

where feasibility or commercial considerations preclude the establishment of intact corridors.    

Stepping stone efficacy has never been empirically compared with that of corridors.  Stepping 

stones are subject to the same processes as small habitat fragments, and are therefore 

expected to have the most value for smaller organisms like invertebrates (Abensperg-Traun 

and Smith 1999; Tscharntke et al. 2002a), and to be most effective when habitat quality is 

highest and source populations are maintained within them (Duelli and Obrist 2003b).   

 

1.6. Fragmentation mitigation in practice 

In practice, most habitat fragmentation is a result of urbanization and agriculture.  As 

humans, we rely on agriculture and industrial exploitation of natural resources, and it is 

impracticable to restore all natural habitats to their previous condition (Lindenmayer and 

Fischer 2006).  Instead, we must find ways to moderate our impact on biodiversity by uniting 

agriculture and nature conservation in a sustainable fashion.  Governmental bodies and 

industry, particularly in Europe and North America have enacted multiple large-scale 

measures to mitigate the detrimental effects of intensive agriculture (Mattison and Norris 

2005).  ‘Wildlife-friendly’ farming approaches include retention of natural habitat patches 

within farmland, reduced chemical input, and the monitoring of non-target effects of these 

chemicals (Mattison and Norris 2005).   

In ‘agri-environment schemes’ farmers are reimbursed for modifying their farming 

practices to provide environmental benefits.  These schemes include organic farming, in situ 

conservation of endangered livestock breeds, and grassland rehabilitation by reducing 

stocking densities of grazing livestock and the prohibition of fertilizers (Kleijn and 

Sutherland 2003).  The EU subsidizes 50% - 75% of costs to farmers, totaling nearly 4 billion 

Euros annually, for approved agri-environment schemes (Donald and Evans 2006).  The EU 

and North American countries have also spent tens of billions of dollars over the past decade 

in promoting ‘set-aside land’ or ‘land-sparing’ schemes.  In these schemes, fields within 
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agricultural development areas are left undeveloped to avoid overexploitation of land and to 

combat soil erosion (van Buskirk and Willi 2004).   

Assessments of efficacy of these programs revealed that set-aside lands were effective 

in biodiversity enhancement, particularly after a time lag (van Buskirk and Willi 2004).  

However, despite the large number of agri-environment schemes in place and the vast sums 

spent in implementing them, current assessments are insufficient to evaluate their overall 

efficacy (Kleijn and Sutherland 2003).  The majority of these measures are implemented on a 

local or regional scale and have combined to form ‘designer landscapes’ for oil palm 

production (Koh 2008; Koh et al. 2009).  Conceptually, this is very similar to ecological 

networks, which are an alternative approach for managing biodiversity alongside agriculture 

at larger spatial scales (Jongman 2004; Jongman 2008). 

 

1.6.1. Ecological networks as a mitigation tool 

Ecological networks (ENs) are systems of natural or semi-natural landscape elements which 

are configured and managed with the objective of maintaining or restoring ecological 

functions for biodiversity conservation alongside sustainable use of natural resources 

(Bennett and Witt 2001).  An ecological network is composed of core areas of natural habitat, 

protected by buffer zones and connected by landscape linkages such as corridors or stepping 

stones (Bennett 1999; Jongman 2004).  In other words, these are systems of patches, nodes 

and corridors of remnant or restored natural habitat, embedded within a transformed matrix 

(Fig. 1.1).  ENs have also been referred to as ‘habitat networks’ in the literature (Frank 2004; 

Bailey 2007; Matisziw and Murray 2009).   

 The first ENs were implemented in Estonia in the 1980s.  At their 1996 World 

Conservation Congress, the IUCN adopted a resolution to promote the establishment of ENs 

worldwide (Bennett and Witt 2001).  By 2004, about 150 ENs were in the implementation 

phase, with the highest concentration in Europe (Bennett 2004).  ENs are implemented over a 

range of scales, from intercontinental to regional, and focus on a variety of goals, from 

conservation of an individual species to preservation of heritage sites.  Most are supported by 

NGOs, government, industry or research institutions, but all aim to conserve biodiversity in 

an agricultural context (Bennett and Witt 2001; Jongman and Pungetti 2004; Jones-Walters 

2007; Samways 2007a; Samways et al. 2010).  

 The concept and implementation of ENs is still relatively new, necessitating a great 

deal of research.  Criticism of ENs is similar to that aimed at corridors upon their inception.  

At present, empirical evidence is lacking to support the establishment of ENs and to show 
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that they are cost-effective (Boitani et al. 2007).  Research is now accumulating on the 

methodology of EN planning (Cook and van Lier 1994; Bolck et al. 2004; Massa et al. 2004; 

Blasi et al. 2008; Hepcan et al. 2009; Amici and Battisti 2009; Gurrutxaga et al. 2010) and 

cooperation among participating bodies (Leibenath et al. 2010).  Efficacy assessments are 

also increasing.  One study in the Gelderland region of the Netherlands showed that the 

public is becoming aware and supporting the concept of ENs, which is beneficial for 

conservation but may be leading to unrealistic expectations from the public and frustration 

for EN practitioners (Beunen and Hagens 2009).  South Africa’s ENs were found not to 

support communities of grassland-specialist birds.  Instead, recommendations were made that 

small fragments in ENs have little value and that larger, continuous areas should be 

established instead (Lipsey and Hockey 2010).  Similar results were found regarding 

appropriate corridor width for butterfly utilization in South Africa’s ENs (Pryke and 

Samways 2001).  Interestingly, a meta-analytic review of corridors found that they were 

effective for invertebrates, plants and non-avian vertebrates, but were less effective for birds 

(Gilbert-Norton et al. 2010).  Although EN efficacy for bird conservation is undoubtedly 

important, it is likely that other organisms respond differently, and this should also be 

assessed.  South Africa has an extensive EN system of natural grassland associated with an 

exotic timber plantation matrix, which offers an excellent opportunity to begin to assess EN 

efficacy and illuminate guidelines for EN management and design. 

 

1.7. Ecological networks in South Africa 

South African ENs occur largely in association with the timber industry, mostly within the 

severely threatened grassland biome on the east coast of the country (Eeley et al. 2000; Neke 

and du Plessis 2004; DWAF 2009; Fig. 1.3).   The grassland biome is at risk of complete 

transformation into pastures, crops and plantations in the foreseeable future (O'Connor 2005) 

and is considered Critically Endangered in South Africa due to the extent of degradation and 

the predicted escalation of threat (Olson and Dinerstein 1998; Reyers et al. 2001).  As of 

2004, approximately 11,500 km2 of grasslands (about 3.3%) had been converted to plantation 

forestry (Neke and du Plessis 2004).  Although the spatial scale of this transformation is 

relatively small, afforestation nonetheless poses a major threat to grassland conservation due 

to the magnitude of the conversion of an open habitat to a forested one, and due to the high 

degree of overlap between high-biodiversity grassland and regions targeted for forestry 

(Jackleman et al. 2006; Allan et al. 1997).  Afforestation of grasslands drastically disrupts 
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natural processes due to altered fire regimes, nutrient and hydrological cycles, and vegetation 

changes (Armstrong and van Hensbergen 1996).   

 The South African timber industry occupies 1.8 million ha, or 1.1% of the surface 

area of the country (DWAF 2009).  Of this, 1.3 million ha are planted to alien Eucalyptus, 

Acacia and Pinus species (Kirkman and Pott 2002).  The remaining 500 000 ha are left 

permanently unplanted and are maintained as conservation areas of protected grassland, 

wetland and indigenous forest, with some firebreaks, power lines and vehicle tracks, and 

these form the South African ENs (Jackleman et al. 2006; Kirkman and Pott 2002; Samways 

2007a).   The forestry companies are motivated to maintain, on average, one-third of their 

holdings unplanted for two reasons: international consumer demand for ecologically friendly 

products in the form of certification by the Forest Stewardship Council (FSC 1996), and land 

use regulations enforced by the South African Department of Water Affairs and Forestry 

(DWAF 2009).  Among these regulations is a process called delineation, in which the forestry 

companies are required to test soil moisture of all felled stands (Samways et al. 2010).  

Where there is evidence of past soil moisture, the forestry company is required to leave the 

area, with a buffer zone of 50 meters to each side, unplanted.  This process results in 

numerous pockets of native vegetation engulfed within the timber compartments, and 

stepping stones are a key component of ENs, especially in the northeastern coastal regions of 

South Africa.  

 In order to best assess efficacy of the EN and to devise guidelines for their 

management and design, an appropriate detection method is needed.  Bioindicators have been 

suggested both for once off testing as well as continuous assessments which feed back in a 

cycle of adaptive management (McGeoch 2007). 

 

1.8. Bioindication as a conservation tool 

Surrogate taxa are a powerful tool in conservation biology and have been used to attract 

public support to conservation campaigns (flagship species), to delineate geographical areas 

for conservation of a suite a species (umbrella species) (Caro and O'Doherty 1998), and to 

conserve a suite of species and their ecological interactions by focusing on a single influential 

species (keystone species) (New 2005).  Bioindicators are surrogate species whose 

predominant use is in the assessment and monitoring of disturbance to ecosystems (Caro and 

O'Doherty 1998; Duelli and Obrist 2003a) and these can be classified into three groups based 

on their intended application: environmental indicators are used to detect a change in a 

system, ecological indicators demonstrate the impact of a stress event (Niemi and McDonald 
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2004), and biodiversity indicators can stand in for other taxa and act as a gauge for 

biodiversity in a specific area (McGeoch 1998).     

 Many studies stress the importance of validation and statistical testing during several 

stages of bioindicator research (Murtaugh 1996; McGeoch 1998; Bockstaller and Girardin 

2003; McGeoch 2007).   These include a clear definition of goals, cognizance of spatial scale 

(McGeoch 1998; Niemi and McDonald 2004), choice of a suitable indicator taxon based on 

scientific expertise or a priori criteria (Bockstaller and Girardin 2003; McGeoch 2007), and 

establishment of the relationship between the indicator and the factor or disturbance to be 

indicated (Duelli and Obrist 2003a; McGeoch 2007).  Whereas many bioindication studies 

stop at this stage, it is also important to validate the indicator across spatial and temporal 

scales and a range of scenarios (Bockstaller and Girardin 2003; Duelli and Obrist 2003a; 

McGeoch 2007).  McGeoch (2007) suggested a ‘predictability hierarchy’ as a means to select 

and develop an effective bioindicator and establish its suitability for a range of scenarios (Fig. 

1.2).   

 Selection of a suitable bioindicator is crucial, and many criteria have been identified 

by which to make this selection.  Habitat specialization, well-known and stable taxonomy, 

ease of sampling, well-known biology and natural history, representivity for other taxa, 

occurrence over broad geographical ranges, and economic importance have all been 

suggested (Pearson 1994; Hilty and Merenlender 2000; New 2005).  The relative importance 

of these and other traits differs based on the proposed function of the bioindicator (Kremen et 

al. 1993; Pearson 1994).  Additionally, an effective ecological indicator should have a 

detectable response to anthropogenic stress, but remain predictable in unperturbed 

ecosystems, as well (Niemi and McDonald 2004).  Terrestrial insects fulfill many of the 

above criteria, making them suitable bioindicators for many scenarios (McGeoch 1998; 

Duelli et al. 1999; Hilty and Merenlender 2000).  They also occupy a large variety of 

functional niches and microhabitats and respond to environmental changes more rapidly than 

vertebrates, enabling a quicker response time to a detected disturbance (Kremen et al. 1993). 

 

1.8.1. Grasshoppers as bioindicators 

Grasshoppers (Orthoptera: Acridoidea) possess many traits of a successful indicator for a 

variety of habitats both globally and locally in South Africa.  They are a vital component of 

grassland systems in their abundance, species richness and functional contributions (e.g., 

nutrient cycling and prey for birds and rodents) (Rodell 1977; Gandar 1980; Gandar 1982; 

Gandar 1983; Samways 1997; Hamer et al. 2006; Whiles and Charlton 2006).   
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Grasshopper assemblages are sensitive to change and human-induced disturbances 

(Fielding and Brusven 1995), showing responses to many forms of defoliation including 

grazing (Rivers-Moore and Samways 1996; Samways and Kreuzinger 2001; Gebeyehu and 

Samways 2002; Gebeyehu and Samways 2003; Kati et al. 2003), burning and mowing 

(Chambers and Samways 1998).  Afforestation of grasslands with conifers strongly affects 

grasshopper abundance and richness as far as 30 m from the edge of the forest in both South 

Africa (Samways and Moore 1991) and in Europe (Bieringer and Zulka 2003).  Topography 

also elicits a response (i.e. elevated areas serve as refugia from fire and trampling (Samways 

1990; Gebeyehu and Samways 2006)).  Several studies have promoted the use of 

grasshoppers as ecological indicators (Báldi and Kisbenedek 1997; Kati et al. 2004; Kinvig 

2006; Steck et al. 2007; Saha and Haldar 2009) or as biodiversity indicators (Sauberer et al. 

2004) although statistical validation of these methods is needed.   

No previous studies have investigated grasshopper utilization or behaviour in ENs, 

but their utilization of corridors and habitat fragments provides an indication of this.  

Grasshoppers utilize corridors for both of their intended functions:  they can live within them 

(Theuerkauf and Rouys 2006), and move throughout them (Berggren et al. 2002).  Several 

single-species metapopulation studies investigated orthopteran movement within networks of 

patches or corridors and showed that some species utilize corridors preferentially to the 

matrix (Berggren et al. 2001; Berggren et al. 2002), or move in response to patch size 

(Kindvall 1999), while other species do not (Collinge 1998) (although this variation may 

have resulted from unaccounted for factors such as matrix identity).  In South African ENs 

specifically, grasshoppers are a good choice of indicator group because their taxonomy is 

relatively well-known in these regions and the fauna is diverse and highly endemic (Gandar 

1982; Foord et al. 2002).   

 

1.9. Problem statement and objectives 

Extensive ENs are being established and implemented globally and in South Africa.  Such 

large-scale measures have great potential to benefit biodiversity.  Biodiversity conservation 

within ENs will be maximal if proper management and design principles are applied at every 

step along the way.  While corridor ecology can partially inform best practice, ENs have 

emergent properties over corridors, particularly in their larger scale and greater complexity.  

Few empirical studies have investigated the efficacy of existing ENs or outlined guidelines 

for their design and management, globally or in South Africa.  Furthermore, few tools have 

been developed which are capable of assessing EN efficacy.   
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In this dissertation, I follow McGeoch’s (2007) predictability hierarchy to develop a 

grasshopper ecological indicator which can be used by EN managers to rapidly assess the 

state of South Africa’s grassland ENs.  During development of the ecological indicator, I 

analyzed findings from the grasshopper assemblage as a whole and drew conclusions 

regarding the efficacy of South Africa’s ENs for biodiversity conservation.   

My objectives were to: 

• Determine the strength and sensitivity of grasshopper assemblage response to 

environmental variables within South Africa’s ENs. 

• Develop, evaluate and validate a bioindication system utilizing grasshoppers 

for South Africa’s ENs. 

• Devise guidelines for optimization of management and design of South 

Africa’s ENs. 

• Assess the present efficacy of South Africa’s ENs for biodiversity 

conservation. 

• Extrapolate principles for efficacy and optimization of ENs, globally. 

 

1.10. Structure of the thesis 

Grasshoppers were sampled in ENs of remnant and restored grassland associated with exotic 

timber plantations in two geographic regions, Zululand and the KwaZulu-Natal Midlands, in 

KwaZulu-Natal Province, South Africa (Fig. 1.4).  Sampling took place twice, in 2007 and 

2008, in the peak season of grasshopper abundance in the region, late summer/autumn 

(February-April) (Table 1.1).  The ENs were heterogeneous and varied in their extent, 

landscape attributes and management practices occurring within them (Fig. 1.5 and 1.6).  The 

exotic forestry matrix constituted a hard edge and effectively created a patch-corridor-matrix 

landscape, rather than a continuous landscape, from a grasshopper’s perspective.  Landscape 

ecology, environmental factors, and grasshopper assemblage ecology across ENs were 

analyzed to meet the objectives of the study.  In Chapters 2-6, I follow a several step method 

analogous to McGoech’s (2007) ‘predictability hierarchy’ (Fig. 1.2) and develop a 

grasshopper ecological indicator.     

In Chapter 2, the ‘relationship’ step, I evaluate the relationship of grasshopper 

assemblages to environmental variables within ENs.  I then compare the relative influence of 

management and design variables on grasshopper assemblages and compare the relative 

benefit of corridor-like power line servitudes to stepping stone-like, isolated EN fragments.  
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In Chapter 3, I assess the temporal robustness of grasshopper relationship among two time 

periods.  By focusing only on stepping stone elements of the EN, I evaluate the extent of 

grasshopper assemblage shifts among the years.  I also begin to differentiate between 

individual species by evaluating whether grasshopper response to EN factors over time is 

related to phylogeny.   

 In Chapter 4, I assess the congruence of the grasshopper assemblage with that of 

butterflies overall and by guild.  I compare the congruence among the two geographic regions 

(for spatial robustness) and among reference sites, stepping stone patches and power line 

servitudes.  I then assess whether grasshopper and butterfly congruence is correlated with 

environmental variables, to determine whether addition of an insect bioindicator would 

provide additional information to measurement of environmental variables.  In Chapter 5, I 

utilize the 2008 dataset to develop a site typology to group sites by their principle 

characteristics and distinctive insect assemblages. IndVal analysis is used to select indicator 

species for each group of sites.  This is further refined to identify grasshopper indicators of 

habitat quality.  Finally, I validate the proposed indicators on the dataset collected in 2007.  

Chapter 6 is an in-depth case study of one grasshopper species’ utilization of EN 

stepping stones.  The bird locust, Ornithacris cyanea (Stoll, 1813) (Acrididae: 

Cyrtacanthacridinae) is the most mobile grasshopper species in the Zululand region.  I used 

three steps to evaluate the extent of bird locust utilization and isolation within four EN 

fragments.  First, I performed a mark release recapture experiment to observe movement 

directly.  Secondly, I collected bird locusts from the four fragments and compared them 

morphologically.  Finally, I assessed several traits of fluctuating asymmetry, an indicator of 

developmental stress, among the populations and related this to relative habitat quality of the 

four fragments.    

In Chapter 7, I conclude the thesis by integrating the main results from each chapter to 

illustrate overarching principles and generalities.  I assess the wider implications of my study 

for global ENs, and make management recommendations and suggestions for future research.   

During the course of the PhD, I also collaborated with other scientists to produce 

three scientific publications which were related to the topic of my dissertation, but were 

external to it.  These publications are included as appendices.  Provision of ecosystem 

services by large-scale corridors and ecological networks is a review of ecosystem services 

provided by ENs and was written for a special issue of Biodiversity and Conservation about 

the RUBICODE project.  Two papers detailing the discovery of eleven new species of 
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katydids (Tettigoniidae) from various regions of South Africa resulted from extensive field 

trips throughout South Africa in collaboration with Dr. Piotr Naskrecki. 
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 Figure 1.1. Photographs of landscape mosaic of pine tree plantations and natural grassland 

ecological networks in KwaZulu-Natal, South Africa. (Photo credit for (a): Marisa Lipsey).  

 

(a) (b) 

(c) (d) 
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Figure 1.2. Predictability hierarchy of bioindication.  As a bioindicator moves along the 

hierarchy, the greater its predictability and functionality.  (From: McGeoch, 2007). 
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Figure 1.3. Maps of forestry plantations (a) and biomes (b) of South Africa.  Most forestry 

areas (blue regions in a) fall within the grassland biome (light green regions in b) (From: 

Jackleman et al. 2006).  
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Figure 1.4. Map of location of four timber plantations (Gilboa, Kwambonambi, Dukuduku 

and Nyalazi) in two regions (Midlands and Zululand) in KwaZulu-Natal Province, South 

Africa.   
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Figure 1.5. Land use maps of the four sampled plantations: Gilboa (a), Kwambonambi (b), 

Dukuduku (c), and Nyalazi (d), with sampling sites indicated by type. 

(b) (a) 

(c) (d) 
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Figure 1.6. Photographs of reference (a-c), power line servitude (d), and EN fragment (e) 

sites used in this study.  Reference sites were located in or adjacent to Kwambonambi 

plantation (a), Nyalazi plantation (b), and Gilboa plantation (c). (Photo credit for (c): Marisa 

Lipsey).

(a) 

(a) (b) 

(c) (d) 

(e) 
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Chapter 2 

Relative importance of management vs. design for implementation of 

large-scale ecological networks 

 

Ecological networks (ENs) are used to mitigate landscape-scale habitat loss, and are 

managed and designed to conserve regional biodiversity. In our study region in 

southern Africa, ENs of isolated grassland remnants are specifically set aside and 

managed for conservation, and are complemented by corridor-like power line 

servitudes which are maintained by regular mowing. Using grasshoppers, a sensitive 

and reliable bioindicator taxon, we determine whether ENs effectively conserve 

biodiversity. We used cluster analysis and variation partitioning to select the best 

subset of environmental variables which explained the patterns of species 

composition. We then compared the relative importance of environmental variables 

grouped by the scale of their influence: local-scale variables affected by management 

practices vs. landscape-scale variables affected by design of ENs. Management was 

consistently and significantly 2-5 times more influential than design in determining 

grasshopper assemblages within ENs and servitudes.  Servitudes had a higher 

proportion of bare ground, lower proportion of tall grasses and higher abundance of 

grasshoppers relative to ENs. Three grasshopper species were strongly associated with 

servitudes and exhibited traits consistent with early colonizers.  As management 

actions are primarily responsible for vegetation succession, the use of ENs for 

conservation efforts should first focus on appropriate management strategies, such as 

fire regime and grass height management before altering the landscape structure (e.g. 

increasing connectivity or enlarging patches). The conservation implications of these 

results are that, if ENs are managed and designed for heterogeneity and to simulate 

multiple successional stages, they may be beneficial for biodiversity conservation. 
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2.1. Introduction 

Increasing fragmentation, loss of habitat, and the impending irrevocable change of 

ecosystems world-wide, have necessitated mitigation measures to slow the effects of these 

processes, particularly in agricultural landscapes (Kleijn and Sutherland 2003; van Buskirk 

and Willi 2004).  Ecological networks (ENs) are a conceptual expansion of corridor theory, 

whereby complex, landscape-scale networks of remnant or restored natural habitat remain 

intact to increase connectivity between nature reserves, support biodiversity, and mitigate the 

effects of habitat fragmentation (Jongman and Pungetti 2004).  ENs are usually designed and 

managed to allow resident fauna to move across the landscape, and to supply long-term 

suitable habitat for species within agricultural production landscapes (Jongman and Pungetti 

2004; Samways 2007a; Samways et al. 2010).  Corridors and ENs have been criticized for 

lack of scientific evidence supporting their establishment, potential negative effects, and cost-

effectiveness (Boitani et al. 2007; Simberloff et al. 1992).   

 Fragmented landscapes have been studied extensively (Lindenmayer and Fischer 

2006), with research going beyond issues of island biogeography, fragment size and isolation, 

to now include habitat quality, disturbances, matrix and edge effects (Fahrig 2003; 

Lindenmayer and Fischer 2006; Fischer and Lindenmayer 2007; Laurance 2008).  Vegetation 

characteristics within habitat islands play a significant role in shaping island communities 

through the process of succession (Lindenmayer and Fischer 2006).  Although the validity 

and generality of assembly rules has been debated (Belyea and Lancaster 1999), some 

patterns have emerged for herbivorous insects.  Early colonizing insect species have higher 

mobility (Picaud and Petit 2007), faster generation times, and less specialized niche breadths 

(Brown 1985; Siemann et al. 1999) than later successional species.  Communities within ENs 

are spatially and temporally structured in response to many complex and interacting 

processes.  Here, we investigate the contribution of these various elements in the extensive 

EN systems of South Africa. 

 The South African timber industry manages 1.8 million ha of land (1.1% of the land 

surface), much of which falls within the country’s severely threatened grassland biome (Neke 

and du Plessis 2004) and is cultivated exclusively with trees exotic to the region (mostly 

Pinus spp. and Eucalyptus spp.).  However, about one third of this land is left permanently 

unplanted (Jackleman et al. 2006) as utilities, roads and conservation areas, and these 

extensive remnants form complex ENs running throughout the timber matrix (Fig. 2.1).  The 

timber matrix is inhospitable to grassland specialists (Armstrong and van Hensbergen 1996) 
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and acts as a barrier or filter for movement between grassland remnants (Samways and 

Moore 1991; Bieringer and Zulka 2003).   In response, EN managers actively design ENs by 

selectively planting or removing timber stands in key areas.  For instance, they may harvest 

an existing stand and leave it permanently unplanted in order to decrease isolation of a nearby 

grassland patch (Samways 2007a).  They also alter the shape or size of ENs or modify them 

to include landscape features such as hilltops or wetlands by partially harvesting stands.  In 

addition to ENs set aside for biodiversity conservation and maintenance of ecosystem 

processes, are power line servitudes which are intensively mowed and need to be considered 

as an important part of the landscape.  

 EN design results in corridor-like linear elements and habitat isolates in the 

intervening space between habitat core areas, which provide resources and refuge for moving 

biota (Bennett 1999; Samways et al. 2010).  While much debate has centered around the 

relative benefits of these two landscape structures, evidence shows that both have positive 

attributes (Bennett 1999; Hilty et al. 2006; Gilbert-Norton et al. 2010).  Corridors support 

source populations of animals which can colonize other areas (Hilty et al. 2006).  They also 

increase dispersal of many organisms (Gilbert-Norton et al. 2010), including butterflies 

(Haddad 1999; Pryke and Samways 2001), small mammals, and bird-dispersed plants 

(Haddad et al. 2003).  Increased dispersal, in turn, increases genetic variability and long-term 

survival of populations (Hilty et al. 2006; Wells et al. 2009).     

 ENs may also be intensively managed for biodiversity conservation with alien plant 

removal, regular and frequent fires, livestock or wildlife grazing and mowing (Samways et al. 

2010) to impede grassland succession to forest (Mucina and Rutherford 2006).  These 

practices significantly impact vegetation characteristics, ecosystem structure and function.  

Timing and intensity of defoliation events determine which plant species emerge, which in 

turn determine which primary herbivores are present, and so on (Belyea and Lancaster 1999).  

If EN elements are managed independently, then each individual element will follow an 

independent assembly trajectory, and we would expect heterogeneous assemblages to be 

found throughout the EN.   

 In order to make informed design and management decisions, we need an appropriate 

bioindicator of the existing conditions (McGeoch 1998).  Grasshoppers (Orthoptera: 

Acrididae) have repeatedly been shown to fulfill the first criterion of a successful ecological 

indicator by exhibiting sensitive and quantifiable responses to their environment (McGeoch 

2007).  They respond strongly to management practices such as grazing intensity (Jauregui et 
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al. 2008; Joern 2005; Batáry et al. 2007), fire frequency (Joern 2004; Hochkirch and Adorf 

2007), and mowing regime (Marini et al. 2008; Gardiner and Hassall 2009).  Grasshoppers in 

the eastern grassland regions of South Africa where ENs are located, have shown strong 

responses to all of these factors (Chambers and Samways 1998; Gebeyehu and Samways 

2003), and their choice as bioindicators for this study was made on the basis of these results.   

 We therefore used grasshopper assemblages here as bioindicators to focus on the 

relative importance of design vs. management in the ENs, as this is important for deciding 

how to progress with EN development in the future.  Additionally, we ask whether power line 

servitudes and nearby sensitive and natural areas have any conservation value and whether 

they contribute to EN development.  Since we expect variation among grasshopper species, 

we assess levels of differentiation in grasshopper assemblages at servitudes and ENs.  With 

this information, we then make improved management recommendations for ENs. 

 

2.2. Methods 

2.2.1. Sites, sampling and environmental variables  

Twenty-six sites were sampled in the Zululand region of KwaZulu-Natal Province, South 

Africa (28˚24’ S, 32˚17’ E) in three timber plantations over 66 km apart (Fig. 2.1).  Three 

types of sites were selected: grassland patches within ENs (N = 19), reference sites (N = 2) 

and power line servitudes (N = 5).  No more reference or servitude sites were available in the 

study region.  The unbalanced design was taken into account in analyses as described below. 

Servitudes were linear, connected primary grasslands, as opposed to the isolated and 

irregularly-shaped ENs, some of which were secondary grasslands (Appendix 2.1).  

Servitudes were mowed biweekly, but never burned, for access and safety.  ENs, however, 

were burned annually or biannually.  In this study, the two defoliation techniques could not 

be directly compared since no EN remnants were mowed and no servitudes were burned.  To 

take this into account, all multivariate analyses were run twice: once including servitudes, 

and once excluding them. 

 All sites were embedded in timber plantations and belonged to either Maputaland 

Wooded Grassland or Maputaland Coastal Belt biomes (Mucina and Rutherford 2006).  The 

two available reference sites were large primary grasslands which were managed as nature 

reserves.   A quadrat of 2500 m2 was delineated in the center of each site, 30 m from the edge 

for most sites, as this was found to be the edge distance in a previous study (Bullock and 

Samways 2006).  However, servitudes were too narrow to allow a 30 m edge, and at these 
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sites, quadrats were placed internally to a 10 m edge.   This quadrat size was the largest 

possible quadrat which could fit in all non-servitude sites.  Quadrats represented on average 

15% of each site (range 0.01%-83%).   

 Sampling was done from March-April 2008 as late-summer is the peak season of 

grasshopper abundance in the region, between 09:00 and 16:00 on sunny days with low cloud 

cover and low wind.  Each quadrat was sampled four times, for 30 min each time, by two 

collectors, twice in the morning and twice in the afternoon, on non-consecutive days (total of 

4 people hours).  There was no significant difference in species abundance or richness among 

the times of day (data not shown).  On each sampling occasion, collectors walked through the 

quadrat to ‘flush’ grasshoppers.  Once a grasshopper was spotted jumping or flying, it was 

caught with an insect net.  Timed counts of quadrats is an appropriate method for trapping 

grasshoppers in short grass swards with low adult densities, as was the case in this study 

(Gardiner et al. 2005).  To account for the sedentary minority of grasshoppers, one collector 

conducted standard sweep netting of regular sweeps emptied into a bag every 10 sweeps, for 

15 min in the morning and 15 min in the afternoon, on non-consecutive days (ratio of 7:1 

flushing to sweep-netting).  Uniform sampling methods were employed rather than 

proportional methods to the size of the site, as species density estimates resulting from both 

have been shown to be highly correlated, although there is a tendency for uniform sampling 

to overestimate smaller areas (Nufio et al. 2009).   

 Species accumulation curves were plotted for all sites together and for each site 

individually, and total species richness was estimated in EstimateS 8.2 (Colwell 2009).  The 

species richness estimators Chao1 and Jackknife1 were used as these behave most reliably 

among sites with differing evenness profiles (Magurran 2004) as was the case in this study 

(Appendix 2.1 – dominance).  Estimated and observed species richness were compared using 

a χ2 test in Statistica 9 (StatSoft 2009).  Sampling at most sites was sufficient (Appendix 2.1), 

indicating that uniform sampling was an adequate method.  For further analyses, grasshopper 

data were pooled for all four sampling events to eliminate pseudoreplication.   

 Species were identified using Dirsh (1965), Eades and Otte (2009), Johnsen (1984; 

1991) (Appendix 2.2).  Environmental variables (EVs) were quantified or categorized and 

assigned to one of two groups (Table 2.1): management (intra-patch) or design (inter-patch) 

EVs.  Management variables included vegetation-related variables (e.g. proportion of 

vegetation types and mean grass height), restoration, fire, disturbance and grazing variables 

(Table 2.1).  Grasshopper species composition responds more strongly to vegetation structure 
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than to grass species composition (Gandar 1982; Chambers and Samways 1998; Hochkirch 

and Adorf 2007), and therefore only structural diversity of vegetation was surveyed.  

Vegetation type was measured along ten, 5 m transects, placed at random throughout each 

site, internally to the 30 m edge.  Vegetation was grouped into four categories: tall grasses 

(>30 cm tall), short grasses (<30 cm tall), forbs, or bare ground.  Proportion of each 

vegetation category for all ten transects per site was calculated.  Vegetation height was 

measured at thirty random points throughout the site.  Randomization was accomplished by 

one observer walking in a straight-line direction until the other observer, who was looking 

away, said stop.  Then the straight line angle was altered at random and the process was 

repeated. 

 Design variables included size (perimeter and area), shape, context (area of 

indigenous forest surrounding a site), isolation (area of grassland EN surrounding a site), 

distance from a reference site, and whether or not the site was continuous or patchy (Table 

2.1).  These were calculated using ArcMAP 9.2 (ESRI 2006) using digital maps and 1:200 

000 resolution aerial photographs.  Indigenous forest and surrounding grassland were 

measured at five radii, 50, 150, 300, 500 and 1000 m.  The radius with the strongest 

correlation to species variables was selected for inclusion in the study – 150 m for indigenous 

forest (Context) and 500 m for surrounding grassland (Isolation).  Shape was measured by 

Shape Index, an area-independent measure where a perfectly circular site receives a value of 

1, and the greater the divergence of the shape of the site from circular, the larger this value 

becomes (Laurance and Yensen 1991).   

 Categorical management EVs included the date and season of the last fire, number of 

years since being restored to grassland, disturbance level and grazing intensity.  These were 

calculated from surveys completed by timber plantation managers.  Data were verified with 

other forest personnel and personal observation to standardize answers given by different 

managers.  Values were ranked or categorized as necessary, and later converted to dummy 

variables.  Continuous management EVs included vegetation height, heterogeneity of 

vegetation, and proportions of short (<30 cm) and tall (>30 cm) grasses, forbs and bare 

ground.  These were calculated from the vegetation surveys.   

 

2.2.2. Statistical analysis 

Species richness, abundance and EVs were compared among site types with one-way 

ANOVA (for normally-distributed variables) or Kruskal-Wallis test (for non-normally 
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distributed variables) in SAS Enterprise Guide 4 (SAS Institute 2006).  The unbalanced 

design meant that the data did not meet the assumption of homogeneity of variances required 

for one-way ANOVA.  Therefore, we employed the Welch-Satterthwaite method which 

makes provision for heteroscedasticity (Neter et al. 1996).   Multiple comparisons were 

Bonferroni corrected.  Nymphs, non-Acridoidea orthopterans, and species which were 

represented by only one or two individuals were not used in analyses.  Normality of each 

variable’s residuals was assessed by Shapiro-Wilcox’s W and probability plots in SAS 

Enterprise Guide 4.  For non-normal variables, data were transformed as defined in Table 2.1.  

Nominal, ordinal and binary variables were coded as dummy variables (Legendre and 

Legendre 1998).   

 Cluster analysis was performed on sites using species log-transformed occupancy and 

abundance data in PRIMER 5.  Bray-Curtis similarity with weighted pair group-average 

linking was adopted as this method meets most of the desired traits of a similarity index 

(Clarke and Warwick 2001).  Logistic regressions were performed in SAS Enterprise Guide 4 

to compare EVs (explanatory variable) with inclusion in a cluster (response variable), coded 

as 1 for inclusion, 0 for exclusion.  Two species-related variables were also used in this 

analysis because they were expected to be influential for clustering: relative abundance of 

species which occurred in no more than two sites (Rare); and relative abundance of species 

which occurred in more than two-thirds of sites (Common) (Appendix 2.2).  Nested design 

was taken into account in the logistic regression by including biome, plantation and site type 

as dummy explanatory variables.  Stepwise selection was used to select the model which best 

explained inclusion of sites in each cluster.   

 We then employed a direct ordination method, partial redundancy analysis (RDA) to 

evaluate the amount of variation in species assemblages that could be explained by the total 

effect of the EVs (Legendre and Legendre 1998).  This was performed four times: for species 

patch occupancy and abundance, with servitudes and without.  RDAs were run in CANOCO 

using log-transformed species data.  Heteroscedasticity is not an assumption of this test and 

EVs were screened for collinearity by using the inflation factor in CANOCO to avoid bias 

due to unbalanced design (Ter Braak and Šmilauer 2002).  Monte Carlo permutation tests 

using 499 permutations were completed to determine which of the ordination axes, if any, 

were significant, and manual forward selection with 5% threshold level for entry of the EV, 

was used to select the best  model (Lepš and Šmilauer 2003).  Three EVs were included in 

analyses as covariables because we were not interested in their contribution in shaping the 
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grasshopper assemblages, but wanted to control for their effects: plantation within which site 

was located (because one plantation was not immediately adjacent to the other two, we 

wanted to control for possible inherent community turnover associated with geographic 

distance), current land use (conservation area or servitudes), and biome (Maputaland Wooded 

Grassland and Maputaland Coastal Belt).  

 Next we performed RDA with variation partitioning in CANOCO using the best 

subset of EVs selected with forward selection.  Species patch occupancy and abundance were 

analyzed separately, with their respective best subsets, with servitudes and without.  

Decomposition of variables was accomplished by running sequential RDAs with log-

transformed occupancy and abundance data.  In each run, the “environmental variable” and 

“covariable” were altered to assess the marginal effects of each set of EVs (pure effects) and 

the conditional effects of each set of EVs on each of the others (joint effects) (Lepš and 

Šmilauer 2003; Heikkinen et al. 2005).    

 

2.3. Results 

2.3.1. Sites and clusters 

In total, 40 species were collected but only 1379 individuals in 31 species were included in 

final analyses.  Of these, 560 individuals (40.4%) belonged to four “common” species 

(present at more than two-thirds of sites) and 65 individuals (4.69%) belonged to six “rare” 

species (present only at one or two sites) (Appendix 2.2).  There were significantly more 

individuals in servitudes than ENs (Kruskal-Wallis multiple comparison: z = 3.00, p < 0.01), 

but no significant difference in abundance between reference sites and servitudes or reference 

sites and ENs (z = 1.38, p > 0.05; z = 0.47, p > 0.05; respectively).  Species richness did not 

differ significantly among the site types (H2, 26 = 0.85, p = 0.654).  Observed species richness 

did not significantly differ from Jackknife 1 estimated species richness (χ2
25

 = 14.94, p > 

0.05), but it did differ significantly from Chao 1 estimated species richness (χ2
25

 = 38.90, p < 

0.05). 

 Servitudes had shorter mean vegetation heights, a lower proportion of tall grasses, 

significantly more bare ground, and more disturbance than reference and EN sites (Table 

2.1).  They were also significantly closer to reference sites than EN sites and were 

significantly smaller than reference sites.   

 In a cluster analysis of all sites by species abundance, the chosen cut-off point was 

45% similarity.  Four distinct clusters of sites were apparent (Fig. 2.2a).  The covariables, 
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plantation, site type and biome, did not significantly explain inclusion of sites into any 

cluster.  Cluster I included all servitudes and no other sites, so logistic regression could not be 

used here.  Cluster II was the smallest cluster, consisting of four sites, and was significantly 

explained at the 10% level by abundance of common species (R2 = 15.44%, Wald statistic = 

2.89, p = 0.090).  Inclusion of a site into cluster III was explained by a multinomial 

expression including distance to the reference site and the proportion of forbs (R2 = 52.14%, 

Wald statistic = 6.04, p = 0.049).  Cluster IV was significantly correlated with the presence of 

rare species (R2 = 19.76%, Wald test = 4.29, p = 0.038). 

 In a cluster analysis using patch occupancy, the same clusters were not apparent (Fig. 

2.2b).  Cluster II showed the greatest overall difference between the two cluster analyses.  In 

the abundance cluster analysis, reference site A_REF grouped out of all clusters, while 

C_REF shared 55% similarity with one other site.  In the cluster analysis using patch 

occupancy, the two reference sites shared approximately 60% similarity each with one other 

site.   

 

2.3.2. Grasshopper occupancy 

When all sites were included in the analysis (including servitudes), grasshopper occupancy 

was best explained by one design and three management EVs: context (area of indigenous 

forest within 150 m of a site), proportion of tall grasses, low grazing intensity, and whether 

the site had burned two years prior to sampling (Fig. 2.3a).  When servitudes were excluded 

from the analysis, the best subset consisted of three variables: context, proportion of short 

grasses, and if the site had been burned two years prior to sampling (Fig. 2.3b).  When 

servitudes were included, 22.5% of the variability in species data was explained by the 

variables (disregarding the influence of covariables) (F = 2.04, p = 0.002), while when 

servitudes were excluded, 25.1% of the variability was explained (F = 2.09, p = 0.002).  In 

both cases, the first ordination axis correlated positively with the site having been burned two 

years prior to sampling, and to a decrease in area of indigenous forest within 150 m of the 

site.  Low grazing intensity exerted an opposite, yet weaker influence than context.  

Proportion of short grasses at a site exerted a stronger influence and opposite in direction to 

the proportion of tall grasses.   

 Pure effects of management EVs explained 3% more of the variability in occupancy 

data than the covariables (18.3% vs. 13.5%, respectively), while design EVs were three times 

less influential (4.9% pure effect on variability in grasshopper occupancy) (Table 2.2).  When 
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servitudes were removed from analysis, management EVs and covariables still had near 

equivalent influence on the variability in grasshopper occupancy (15.4% and 12.1%, 

respectively), but design EVs became relatively more influential, still explaining 4.9% of 

variability in the data (Table 2.2).  In both situations, approximately half of the variability 

could not be explained by the best subset of EVs or covariables (51.8% and 59.7%, 

respectively). 

 

2.3.3. Grasshopper abundance 

When servitudes were included in the analysis, the best subset of variables selected with 

forward stepwise selection explained 28.3% of the variability in grasshopper abundance (F = 

2.38, p = 0.002) (Fig. 2.3c). Without servitudes, 34.8% of variability was explained (F = 2.58, 

p = 0.002) (Fig. 2.3d).  Both of the selected models included a majority of management 

variables, with four of five EVs common to both subsets.  With the inclusion of servitudes, 

distance from the site to the reference site also became a significantly influential variable.  In 

both models, the proportion of short grasses exerted influence in the same direction, but with 

greater magnitude than the site’s context.  Winter burn and whether the site had last been 

burned 10 years prior to sampling exerted influences in opposite directions to each other.     

  When grasshopper abundance was used as response variable, management EVs and 

covariables explained equivalent amounts of the variability in the data as when occupancy 

was the response variable (18.7% and 13.8%, respectively) (Table 2.2).  The combined effect 

of management and covariables was twice as influential as design EVs (16.0% and 8.1%, 

respectively).  When servitudes were excluded from analysis, management EVs explained 

25.7% of the variability in grasshopper abundance.  Covariables (14.3%), and design EVs 

(4.9%) were next most influential (Table 2.2).  Management was five times more influential 

than design in explaining the variability in grasshopper abundance.  When servitudes were 

included, the best subset of EVs and covariables explained a greater amount of the variability 

in the data overall, than when servitudes were excluded (34.6% vs. 45.8% undetermined 

variation, respectively). 

 

2.4. Discussion 

Overall, management exerted a much greater influence than design in shaping grasshopper 

assemblages, with management environmental variables (EVs) 2-5 times more influential 

than design EVs.  This ratio was maximal when species abundance data were used and 
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servitudes were excluded.  Not surprisingly, when servitudes were included in analyses, their 

extreme design masked some of the effect of management.  In partial redundancy analyses, 

consistently more management EVs than design EVs were selected to produce the best 

model.  Studies comparing the relative impact of management and landscape variables on 

grasshopper assemblages in the prairies of the USA (Stoner and Joern 2004), Hungarian 

grasslands (Batáry et al. 2007), and grasslands of the European Alps (Marini et al. 2008) 

found similar relationships.  

 Servitudes explained 8-9% of variability in species data, as seen when comparing the 

total explained variability in variation partitioning, with servitudes vs. without them (Table 

2.2).  Vegetation characteristics of servitudes were heavily influenced by regular mowing. 

Management practices, particularly forms of defoliation by fire, grazing or mowing, cause 

successional changes in the plant community (Engle et al. 2008).   The high proportion of 

bare ground and low proportion of tall grasses in servitudes simulated early successional 

vegetation structure soon after a fire or heavy grazing event.   

 Three species were abundant within most or all servitudes, and nearly absent from 

other site types: Chrotogonus hemipterus, Acrotylus junodi junodi, and Oedaleus carvalhoi 

(Appendix 2.2).  A. junodi and O. carvalhoi are both highly mobile, strong flying species, 

while C. hemipterus has limited mobility, is small, robust and predominantly brachypterous.  

All three species are generalists and are associated with bare ground for basking and 

oviposition.   High mobility and wide niche breadth are traits commonly associated with early 

successional stage insects (Brown 1985), including grasshoppers (Picaud and Petit 2007).  

Additionally, elevated abundance of insects, as in servitudes, often occurs in early 

successional vegetation (Siemann et al. 1999) and after changes in the ecosystem (i.e. 

crowding effects) (Grez et al. 2004; Jackson and Sax 2010), indicating that despite their 

permanence, servitudes were functionally equivalent to early successional habitat. 

 There is an inherent risk in any multivariate, non-manipulative ecological analysis of 

unintentionally excluding the EVs most influential in shaping an assemblage, or that the EVs 

that are calculated, are incidentally and not causally related to the assemblage (Legendre and 

Legendre 1998).  In the four successive RDA analyses in this study, in which we utilized only 

the variables selected as ‘best’, 40%-65% of the species variability was explained by the EVs.  

In comparison with other multivariate studies, this percentage is quite good considering the 

low number of variables included in the final models (Borcard et al. 1992).  Grass height 

(proportion of short grasses or tall grasses) was one of the most significant variables in every 
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partial redundancy analysis, including those with and without servitudes.  Previous studies 

have also shown a strong relationship between grasshoppers and grass height (Batáry et al. 

2007), or average canopy height and grass biomass (Joern 2005).   

 Of the landscape variables, context of the site, or area of indigenous forest within 150 

m, was consistently the most influential design EV.  As none of the grasshoppers had any 

noticeable affinity to indigenous forest, it was unlikely that this would be the preferred 

habitat of the grasshopper assemblage.  Instead, the grasshoppers may have responded to the 

heterogeneity of resources associated with nearby indigenous forests.  Since grasslands in the 

region naturally succeed to indigenous forest if left untended, it is possible that a suite of 

species adapted to forest edges are particularly abundant at these sites.  Similar studies 

relating grasshopper assemblages to landscape ecology found that landscape parameters 

relating to urbanization or human activity within a buffer zone surrounding a site were more 

influential than dimensions of the site itself (Batáry et al. 2007; Marini et al. 2008).   

 After proximity of indigenous forest, the next most influential design variable was 

distance from the reference sites, a measure of isolation from the assumed source site.  In 

Sweden, reintroduced katydids were positively influenced by the degree of connectivity of 

their reintroduction site (Berggren 2005).  However, habitat isolation was found to be 

inconsequential for generalist and specialist leafhoppers and weevils in Canada (Jonsen and 

Fahrig 1997), butterflies in Germany (Krauss et al. 2003), and butterflies and pollinating 

insects in South Africa (Pryke and Samways 2003; Bullock and Samways 2006).  Reference 

sites were chosen as such because they were managed as nature reserves and physically 

removed from activities associated with forestry.  However, their superior quality to the ENs 

must be qualified.  In the cluster analyses of species abundances, reference site A_REF 

shared only 35% similarity to the next closest cluster of sites, while  A_REF and C_REF, 

shared 60% of their species with one other site, and half of their species with each other, 

despite the geographic distance between them.  In partial redundancy analyses, reference sites 

consistently clustered on the outskirts of the other sites showing they did partially separate. 

Sites A3 and A4 shared similar species assemblages to the reference sites, despite being 

within the ENs.   

 Finally, we compared the use of species abundance vs.  patch occupancy as the 

response variable.  Abundance is better explained by EVs than occupancy, and was more 

successful at differentiating servitudes from the ENs.  However, both measures gave similar 

results in the partial redundancy analyses, with species composition being a better measure of 
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site quality, as seen in the cluster analysis.  Both occupancy and abundance can be used for 

assemblage assessments, and should be used complementarily since they provide different 

information.  

 Heterogeneous management contributes to heterogeneity in vegetation structure and 

composition through succession (Strauss and Biedermann 2006).  The greater the dependence 

of the organism on aspects of vegetation, the greater the influence.   Many herbivorous 

insects benefit from heterogeneous management including grasshoppers (Joern 2004; Joern 

2005), butterflies and moths (Pöyry et al. 2005), and true bugs (Di Giulio et al. 2001).  

Heterogeneous management can be implemented within a patch by introducing grazers which 

defoliate selectively and increase local heterogeneity (Jauregui et al. 2008; Kruess and 

Tscharntke 2002), or among patches by staggering management practices spatially and 

temporally so that not all sites are defoliated in the same year, and that recently defoliated 

sites are dispersed throughout the landscape instead of clumped together (Samways et al. 

2010).  A mosaic of landscape elements at different successional stages benefits a variety of 

herbivorous insects, their predators and associated species (Strauss and Biedermann 2006; 

Engle et al. 2008).   

 Heterogeneity in the design of ENs should also benefit a variety of organisms.  

Corridor ecology studies have shown that establishment of corridors increases movement 

between patches for nonavian vertebrates, invertebrates and plants (Gilbert-Norton et al. 

2010).   Although similar evidence is lacking for ENs, small habitat remnants can have value 

for insect movement and survival (Abensperg-Traun and Smith 1999; Duelli and Obrist 

2003).   Management actions which affect vegetation characteristics are expected to have a 

‘bottom-up’ influence on the ecosystem by first affecting primary herbivores, with 

diminishing strength of effects on each successive trophic level.  Similar rules are expected to 

apply to ENs as for corridors, the bigger the habitat patches and the more connected they are 

the better, but where this is not possible, good habitat quality can mitigate the effects of 

isolation and small size (Fleishman et al. 2002; Samways 2007b).   

 

2.4.1. Conclusions 

Power line servitudes exerted a strong influence on grasshopper assemblages, as a result of 

the intensive management practices employed within them.  These servitudes acted as early 

succession habitats.  Management factors were consistently and significantly more influential 

than design variables in shaping grasshopper assemblages in the ENs, both in terms of 
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species composition and relative abundance.  Abundance and patch occupancy were both 

meaningful features of grasshopper assemblages capable of reflecting strong responses of the 

organisms to the measured EVs.  Indeed, grasshoppers showed strong and statistically 

significant responses to EN design and management, emphasizing their suitability as 

indicators in an adaptive management program.  It remains to be tested whether the response 

of grasshoppers is representative of other taxa.  Further analyses should isolate a subset of 

grasshopper indicator species and develop a bioindication system utilizing these, to be 

implemented by managers of ENs.  Additionally, allocation of funds for EN improvement 

and development should first be spent on ensuring their proper management, followed then 

by improving the landscape context.  
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Test
b

F/H
c P

Design Perimeter Integer (m) Square root 60.59 56.98 44.80 A 2.18 0.201

Area Integer (m
2
) Square root 353.37 A 39.85 B 175.21 AB K 9.40 0.009

Shape index Integer None 1.82 3.15 1.95 A 6.68 0.106

Context Integer (m
2
) Log (x+1) 0.00 2.34 0.89 K 3.31 0.191

Isolation Integer (m
2
) None 42449.62 82546.81 88110.50 K 0.7295 0.694

Distance to 
reference

Integer (m) Square root
N/A 4724.15 A 10493.85 B A 33.04 0.001

Patchy or 
Continuous

Binary Dummy 

Vegetation 
height

Integer (cm) None
68.25 B 15.63 A 62.34 B K 12.13 0.002

Heterogeneity Proportion None 0.75 0.85 0.92 K 2.48 0.290

Short grasses Proportion Square root 0.10 0.50 0.23 A 2.92 0.228

Tall grasses Proportion None 0.78 B 0.00 A 0.63 B A 338.23 0.001

Bare ground Proportion Square root 0.02 B 0.29 A 0.04 B K 9.01 0.011

Forbs Proportion Square root 0.28 0.44 0.22 K 5.75 0.056

Years since 
restoration  

Nominal Dummy 

Years since last 
burn

Nominal Dummy 

Season of last 
burn

Nominal Dummy 

Disturbance 
level

Ordinal Dummy 
1.00 B 3.00 A 1.00 B K 10.04 0.007

Grazing 
intensity

Ordinal Dummy 
1.50 3.00 1.00 K 3.84 0.147

Covariable Plantation Nominal Dummy 

Current landuse Binary Dummy 

Biome Binary Dummy 
a
 Capital letters indicate significant differences among values.

b 
Codes: A = ANOVA (used for normally-distributed variables); K = Kruskal-Wallis (for non-normally distributed and ordinal 

variables).
c
 F-value when ANOVA was run and H-value when Kruskal-Wallis was run.

Management

Table 2.1. Comparison of environmental variables among site types.

Category Variable Type (units) Transformation

Site type 
a

Reference Servitude EN
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Figure 2.1. Map of study region on the East Coast of South Africa.  Study site consists of 

three timber plantations (a), (b), and (c), two reference sites (black squares), five power line 

servitudes (open circles) and nineteen grassland patches (open diamonds).   
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Figure 2.2. Cluster analysis of sites by grasshopper species abundance (a) and patch 

occupancy (b).  Sites are identified by a letter which corresponds to the plantation (A, B, or 

C, same as Fig. 2.1) and are then numbered consecutively.  REF = reference site, PLS = 

power line servitude sites.  (* = p < 0.05).  
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Figure 2.3. Ordination diagrams of most explanatory subset of variables and occupancy for 

all sites (a) and excluding power line servitudes (b); and for abundance for all sites (c) and 

excluding power line servitudes (d).  Closed triangles indicate nominal environmental 

variables, arrows indicate continuous environmental variables.  All other symbols indicate 

sites: black squares = reference sites, open circles = power line servitudes; open diamonds = 

EN sites. 
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Sitea Covariableb
Number of 
individuals

Observed 
species 
richness

Chao 1 
estimated 

species 
richness 

Jackknife 1 
estimated 
species 
richness Dominancef

A_REF A 36 8 8 10 36%
C_REF F 64 11 17 15 50%
A_PLS3 B 81 7 9 9 43%
A_PLS1 B 79 8 9 10 41%
A_PLS2 B 177 9 9 10 74%
C_PLS1 H 65 9 9 11 54%
C_PLS2 H 75 8 9 11 78%

A1 C 28 10 25 15 29%
A2 C 10 5 6 7 30%
A3 C 55 8 8 8 27%
A4 C 64 10 10 12 48%
A5 C 34 6 6 7 56%
B1 D 40 6 6 8 45%
B2 D 50 8 9 10 28%
B3 D 26 9 9 11 27%
B4 D 46 10 23 15 26%
B5 D 12 7 17 11 33%
B6 D 34 8 8 11 47%
B7 E 32 13 18 18 34%
B8 E 51 10 18 13 22%
C1 G 70 10 10 11 24%
C2 G 88 10 16 13 65%
C3 G 48 9 19 13 42%
C4 G 77 11 14 13 35%
C5 G 16 4 5 5 56%
C6 G 28 5 8 7 50%

e Time elapsed since site was restored to secondary grassland. Codes: 0 = primary 
grassland; 1 = restored approximately 5 years prior to sampling; 2 = restored 
approximately 10 years prior to sampling. 
f Dominance of most abundant species at site.  

Species 

Appendix 2.1. Summary of site characteristics.  Variables are those which were found to 
be influential in ordination and are defined in Table 2.1.

a Site codes are the same as those used in Fig. 2.2.
b Combination of three nested design factors: plantation (A, B, or C), biome (MWG = 
Maputoland Wooded Grassland, MCB = Maputoland Coastal Belt), and site type (REF = 
reference, EN = ecological network, PLS = power line servitude).  Codes: A = 
A+REF+MWG; B = A+PLS+MWG; C = A+EN+MWG; D = B+EN+MCB; E = 
B+EN+MWG; F = C+REF+MWG/MCB; G = C+EN+MWG; H = C+PLS+MWG.
c Codes: 1 = 1 year; 2 = 2 years; 3 = 3 or more years prior to sampling.
d Codes: 1 = spring; 2 = autumn; 3 = winter.
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Site Heterogeneity
Short 

grasses Last burnc Seasond Restorede Area (ha)
Shape 
Index

Distance to 
reference 

(m)

Context 

(m2)
A_REF 0.50 0.00 2 2 0 22.14 2.20 - 0.00
C_REF 1.00 0.18 1 3 0 292.92 1.45 - 0.00
A_PLS3 1.00 0.33 - - 0 4.41 2.64 5145.94 3.97
A_PLS1 0.75 0.35 - - 0 1.32 2.95 2449.09 3.44
A_PLS2 0.75 0.20 - - 0 9.69 3.09 1431.96 4.28
C_PLS1 1.00 0.44 - - 0 11.30 4.56 11880.68 0.00
C_PLS2 0.75 0.00 - - 0 15.31 3.93 2713.05 0.00

A1 1.00 0.35 2 2 1 7.26 2.15 3018.01 4.79
A2 1.00 0.64 3 2 0 0.99 1.87 3379.80 4.94
A3 0.50 0.03 2 3 0 6.91 2.11 5273.48 0.00
A4 1.00 0.13 1 3 0 9.43 1.40 5426.62 3.84
A5 1.00 0.34 3 - 1 3.42 1.72 7311.28 3.28
B1 1.00 0.07 2 2 0 14.47 1.32 19736.68 0.00
B2 1.00 0.14 3 1 2 5.57 1.36 19438.40 0.00
B3 1.00 0.16 3 1 2 5.85 1.85 16925.54 0.00
B4 1.00 0.24 3 1 2 17.38 2.44 18038.65 0.00
B5 1.00 0.29 3 1 2 8.88 1.60 15370.64 0.00
B6 0.75 0.20 3 1 2 11.90 1.50 15434.72 0.00
B7 1.00 0.28 3 1 2 7.65 3.01 11698.79 0.00
B8 1.00 0.50 3 1 2 7.56 2.87 11475.37 0.00
C1 1.00 0.12 3 1 2 2.15 2.20 12658.89 0.00
C2 1.00 0.15 3 1 2 2.13 1.70 12476.21 0.00
C3 0.50 0.09 3 1 0 14.28 1.75 7380.11 0.00
C4 1.00 0.26 3 1 0 13.78 2.43 6562.61 0.00
C5 0.75 0.82 3 1 0 19.77 2.02 3808.24 0.00
C6 1.00 0.68 1 1 0 69.20 1.73 3969.13 0.00

Appendix 2.1. (continued)
Management Design
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N Sites % N Sites % N Sites %

Pyrgomorphidae Atractomorpha acutipennis 15 3 100% 15

Chrotogonus hemipterus 43 5 96% 2 2 4% 45

Phymateus viridipes a +

Taphronota calliparea 1 1 100% 1 +

Lentulidae Paralentula marcida 2 1 100% 2 +

Sygrus rehni 3 2 100% 3 +

Acridinae Acrida sp. 19 5 31% 42 14 69% 61 +

Cannula gracilis 12 2 13% 84 15 88% 96 +

Coryphosima stenoptera 5 2 2% 19 5 9% 188 17 89% 212 +

Odontomelus sp. 1 1 1% 82 9 99% 83

Odontomelus zulu 13 3 100% 13

Orthochtha sp. 1 2 1 18% 9 2 82% 11

Orthochtha sp. 2 12 2 6% 14 4 7% 165 17 86% 191 +

Parga xanthoptera 3 1 100% 3 +

Catantopinae Anthermus granosus 1 1 100% 1 +

Catantops ochthephilus 16 2 59% 11 6 41% 27

Vitticatantops maculata 1 1 10% 9 3 90% 10

Coptacridinae Eucoptacra turneri 1 1 5% 18 1 95% 19

Cyrtacanthacridinae Ornithacris cyanea a +

Eyprepocnemidinae Cataloipus sp. 1 1 33% 2 1 67% 3 +

Heteracris sp. 1 1 100% 1 +

Tylotropidius didymus 2 1 4% 51 12 96% 53

Gomphocerinae Brachycrotaphus tryxalicerus 1 1 100% 1 +

Crucinotacris cruciata 32 1 89% 4 1 11% 36 +

Diablepia viridis 1 1 4% 13 4 52% 11 9 44% 25

Faureia milanjica 13 1 93% 1 1 7% 14 +

Mesopsis laticornis 4 1 57% 3 2 43% 7

Pnorisa sp. 3 2 60% 2 1 40% 5

Oedipodinae Acrotylus junodi junodi 74 4 100% 74

Aiolopus meruensis 3 1 20% 12 4 80% 15

Gastrimargus africanus 1 1 100% 1 +

Gastrimargus crassicollis 4 3 100% 4

Humbe tenuicornis 3 2 60% 2 2 40% 5

Morphacris fasciata 2 2 29% 5 1 71% 7

Oedaleus carvalhoi 267 5 97% 9 3 3% 276

Paracinema tricolor tricolor 8 3 100% 8

Oxyinae Oxya glabra 1 1 100% 1 +

Spathosterninae Spathosternum nigrotaeniatum 3 1 50% 3 1 50% 6 +

Tropidopolinae Petamella prosternalis 12 5 100% 12

Tristria discoidalis 10 1 26% 29 9 74% 39

TOT AL 100 7% 477 34% 809 58% 1386

REF (N = 2) PLS (N = 5) EN (N = 19)

a Two species were present at  many sites but were not collected because the employed sampling method was not  appropriate for their capture. Ornithacris 
cyanea (the bird locust) is an extremely strong flier and cannot be caught with simple flushing methods as it  requires active chasing by multiple observers.  
Phymateus viridipes is large-bodied and brightly colored and populations are found clumped on food plants.  Collection is best accomplished by hand-
picking individuals from bushes. 

Appendix 2.2. Grasshopper species collected and their relative abundance in the site types.

Higher classificat ion Species

Site types

TOTAL Rare Common Excluded
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Chapter 3 

Evaluating robustness of grasshopper response to conservation 

ecological networks in a timber plantation matrix 

 

Ecological networks (ENs) are a landscape-scale mitigation measure for habitat 

fragmentation, often associated with production landscapes.  Ecological indicators are 

required to improve the functionality of existing ENs and provide guidelines for the 

design of future ENs.  Grasshoppers have been identified as potential ecological 

indicators due to their strong and sensitive response to quality of, and changes in, their 

grassland habitat.  Here, we investigate fifteen natural grassland EN sites embedded in 

an exotic timber plantation matrix over two time periods, one year apart, and draw 

conclusions regarding the robustness of grasshopper response to habitat quality of 

ENs.  Species assemblages in both years responded strongly and similarly to area of 

the site and to the time lapse since the last fire.  In the second year, the assemblage 

also responded strongly to the proportion of short grasses at a site.  Generalized least 

squares models with phylogenetic adjustment showed that there was a strong 

phylogenetic signal in species response to habitat quality.  These results demonstrate 

that grasshoppers have a sensitive and strong response to habitat quality and that this 

response is robust among years, although it may differ among grasshopper taxa.  

Grasshoppers are therefore recommended as ecological indicators of ENs.  
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3.1. Introduction 

Ecological networks (ENs) are landscape-scale systems of interconnecting corridors, nodes 

and isolated patches, designed and managed to mitigate the effects of habitat fragmentation 

(Jongman 2004).  They are implemented in production landscapes to provide both habitat for 

persistence of organisms with small home range requirements, and corridors for movement of 

organisms towards extensive intact habitat (Samways 2007).  Globally, ENs share similar 

emergent properties over incidental patchy landscapes and corridors, in that they are designed 

to maintain natural conditions in landscapes which would otherwise be poor or even lacking 

in resident naturally-occurring organisms.  Therefore, empirical results on the underlying 

principles of a sample EN are applicable for other ENs globally, though the specific context 

and resident organisms differ.  To date, there is little empirical evidence to illustrate the 

efficacy of ENs as a mitigation measure (Boitani et al. 2007).   

 We study here ENs of remnant natural grassland within an alien timber plantation 

matrix.  The grassland biome of southern Africa is highly threatened (Neke and du Plessis 

2004), yet most suitable areas for commercial afforestation fall within this biome (Reyers et 

al. 2001).  In response, the timber industry has established mitigation measures (DWAF, 

2009), and now leaves 1/3 of each plantation area permanently unplanted in response to 

conservation legislation and consumer demand (Jackleman et al. 2006).  These unplanted 

areas form ENs of remnant natural habitat running throughout the production landscape 

(Kirkman and Pott 2002; Samways 2007), totaling 500,000 ha nationally.   Guidelines by 

which to optimize existing ENs and improve their design require much more development.   

 An appropriate assessment technique or tool is needed which can take into account 

factors affecting resident biological communities within ENs at multiple scales.  For instance, 

resident organisms are affected by both management practices occurring within ENs (e.g. fire 

and grazing) (Samways et al. 2010), as well as processes associated with fragmentation such 

as edge effects and increased invasion by alien species (Harrison and Bruna 1999).  Here, we 

consider that habitat quality is the final result of these multiple complex processes and factors 

which are difficult to measure as a whole.  The assessment tool we require must be sensitive 

to the sum of these processes, rather than the individual parts.  Ecological indicators have 

been suggested for continuous or once-off assessment to demonstrate “the effect of 

environmental change (such as habitat alteration, fragmentation and climate change) on biota 

or biotic systems” (McGeoch 2007).  McGeoch (2007) argues that in order for an organism to 

be an appropriate indicator, it must first demonstrate a strong and sensitive response to the 
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object to be indicated (in our case, habitat quality), and secondly this response must be robust 

over time. 

Terrestrial invertebrates have been suggested as effective indicators for many habitats 

and regions (Kremen et al. 1993; McGeoch 1998; McGeoch 2007; Fleishman and Murphy 

2009).  In regions where they are abundant, grasshoppers may be particularly effective as 

they meet many of the criteria (Báldi and Kisbenedek 1997; Kati et al. 2004; Sauberer et al. 

2004; Steck et al. 2007).  In South Africa, where the ENs consist of remnant grassland, 

grasshoppers (Orthoptera: Acridoidea) are highly sensitive to management actions such as 

prescribed fires, mowing and grazing (Samways and Moore 1991; Rivers-Moore and 

Samways 1996; Chambers and Samways 1998; Kinvig 2006).  Globally, grasshopper 

population size and assemblage composition are known to fluctuate as a sensitive response to 

biotic and abiotic factors such as microclimatic conditions, resource availability, competition 

(Joern and Gaines 1990) and microhabitat type (Sauberer et al. 2004; Steck et al. 2007).   

This sensitive response to factors of the habitat, coupled with their small home range 

requirements makes them a particularly good candidate to be an ecological indicator for the 

sum of the factors, or habitat quality, of ENs. 

 Here, we investigate fourteen EN sites with a reference site in the center, over two 

time periods, one year apart, and eighteen grasshopper species, to test: (1) Which 

environmental variables have the largest impact on the grasshopper assemblage? (2) Is this 

relationship robust over time? (3) Do all grasshopper species respond similarly or is there 

evidence of phylogenetic variability in the response? 

 

3.2. Methods 

3.2.1. Sites and species 

Fifteen sites of remnant grassland were selected within an EN in an exotic timber matrix 

(Eucalyptus spp.) in KwaZulu-Natal Province, South Africa (28˚15’S 32˚20’E).  The distance 

between two sites ranged from 0.51 km to 30.5 km and the sites differed in their shape, size 

(3 000 m2 to 54 000 m2) and isolation within the forests (Fig. 3.1).  One site of pristine, 

extensive, unfragmented grassland, located within the iSimangaliso Wetland Park, in the 

middle of the other fourteen sites, was selected as an extensive, natural reference site.  A 

quadrat of 50 m x 50 m was delineated in the center of each site at least 10 m inward from the 

edge to minimize the impact of edge effects on the findings (Chambers and Samways 1998).   



CHAPTER 3: ROBUSTNESS 67 

 

 All adult grasshoppers were collected on sunny days with <50% cloud cover, between 

09:00 and 17:00, during March 2007 and March-April 2008.  Sweep netting and flushing of 

grasshoppers were employed at a ratio of 1:7 to account for the sedentary minority of species.  

The single, large quadrat was sampled twice, once in the morning and once in the afternoon, 

for half an hour each time on alternating days to avoid sampling bias.  Timed surveys of large 

quadrats are an acceptable method for sampling grasshoppers in relatively short grass swards 

(<50 cm) when grasshoppers occur in low densities (Gardiner et al. 2005).   The quadrat size, 

50 m x 50 m, was the largest possible quadrat which could be accommodated in all sites.   

During both years of sampling, 608 individuals in 38 species were collected.  Here, 

we consider only those 18 species (552 individuals) which occurred in both years with a 

combined abundance greater than two individuals, for accuracy of statistical analysis.  Since 

doublets and singlets were eliminated from analysis, species accumulation curves plotted in 

EstimateS showed that species at most sites were reaching an asymptote, indicating sufficient 

sampling (Colwell 2009).  Mann-Whitney U tests and Wilcoxon matched pairs tests were run 

in Statistica 9 (StatSoft 2009) to compare species richness and abundance among years.  The 

main changes which occurred at each site in the year interval between the two sampling 

periods were: (1) the height of the grass increased, (2) normal seasonal climatic cycles of 

temperature and precipitation, (3) grazing by wildlife such as antelope, buffalo and warthog, 

and (4) tree growth of the matrix.   

 

3.2.2. Environmental variables 

Three groups of environmental variables were quantified (Appendix 3.1).  Vegetation 

variables were related to internal characteristics of the sites.  Grasshopper species 

composition responds more strongly to vegetation structure than to grass species composition 

(Gandar 1982; Joern 2005; Hochkirch and Adorf 2007), and therefore only structural 

diversity of vegetation was surveyed.  Vegetation type was measured along ten, 5 m 

transects, placed at random throughout each site, internally to the 30 m edge (Bullock and 

Samways 2006).  Ground cover was grouped into four categories: tall grasses (>30 cm) (Tall 

grasses), short grasses (<30 cm) (Short grasses), forbaceous vegetation (e.g. shrubs or 

herbaceous vegetation) (Forbaceous), or bare ground (BG).  Proportion of each vegetation 

category for all ten transects per site was calculated (Heterogeneity).  Vegetation height was 

measured at thirty random points throughout the site (MeanHeight).  These variables were 

compared among the two years using paired t-tests in Statistica 9. 
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 Landscape variables related to the structure of the EN were calculated using ArcGIS 

9, digital maps and aerial photographs.  These include: area of the site (Area); perimeter 

(Perimeter); distance from the reference site (DistREF); isolation as quantified by the area of 

additional grassland within 500 m surrounding the site (Grass-500); and context of the site as 

quantified by area of indigenous forest within 500 m surrounding the site (IF-500); and an 

area-independent measure of shape as quantified by SI=P/(200*[(πTA)0.5]) (where 

P=perimeter, TA=total area in hectares) (Laurance and Yensen 1991) (Shape Index).  Shape 

Index is an area-independent measure which calculates the divergence of the shape of a site 

from circular.  A circle has Shape Index value of 1, and the larger this value, the more 

complex the shape of the site and the more edge effects the site has as a result (Laurance and 

Yensen 1991).  To arrive at the distance of 500 m for isolation and context, five distances 

were compared – 50, 150, 300, 500, and 1000 m.  The first two distance classes were 

eliminated due to a large number of zero values and the final distance class showed low 

correlations to species variables in preliminary analyses (data not shown).  The 300 m and 

500 m distance classes were highly correlated with each other (linear regression R2 = 0.7461).  

We selected the distance of 500 m as it was the minimum distance between any pair of sites 

and it was used in previous studies on grasshoppers and birds in ENs (Marini et al. 2008; 

Lipsey and Hockey 2010). 

Management variables were calculated from surveys completed by EN managers.  

Data were verified with other forest personnel and personal observation to standardize 

answers given by different managers.  Prescribed burning is a necessary management practice 

within these grasslands, as they naturally succeed to indigenous forest.  Most EN sites are 

slotted for annual or biennial burning, with biennial burns considered optimal from a 

conservation perspective (Lipsey and Hockey 2010), but managers did not always strictly 

adhere to this schedule for logistical reasons. 

 

3.2.3. Statistical analyses  

3.2.3.1. Ordinations 

Multivariate analyses in CANOCO were used to relate a matrix of species by site with a 

matrix of environmental variables by site.  Tests were run separately for the two years, and 

together for both years in the following order: (1) unconstrained analyses: detrended 

correspondence analysis (DCA) to determine whether linear or bimodal methods were 

appropriate (Lepš and Šmilauer 2003) then principle components analysis (PCA); (2) 
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constrained analyses on each group of environmental variables separately: redundancy 

analysis (RDA) with all variables, RDA with forward selection to eliminate multicollinear 

variables and to select the variables which explained the greatest amount of variance in the 

data.  After selecting the best variable(s) from each category, we ran RDA for each year using 

these ‘best’ variables only.    

 In preliminary tests, sites which were to the north of the reference site were distinct in 

the ordination plots from sites to the south of the reference site.  These two regions fall within 

two different management units managed by different managers, which may affect the 

frequency and extent of management actions which occur within them.  One of the 

management units also experienced an extreme wildfire in 1998.  Therefore, management 

unit was taken as a covariable in all analyses, to partial out the effect of geographical location 

of the site from the results. Environmental variables were first tested for normal distribution 

with a Shapiro-Wilk’s test in SAS Enterprise Guide 4 (SAS Institute 2006).  Area and 

perimeter were log(x+1) transformed to increase their normality and all nominal variables 

were coded as dummy variables.  Species abundances were log transformed, centered and 

standardized in CANOCO.   

 

3.2.3.2. Mantel’s tests 

Mantel’s tests were run to determine whether a pattern of spatial autocorrelation existed for 

grasshopper assemblages overall in the ENs and for individual species.  This is a non-

parametric test of association with the null hypothesis that the degree of dissimilarity in one 

dataset does not correspond to the degree of dissimilarity in another independently-derived 

dataset (Legendre and Legendre 1998).  A matrix of Euclidean site distances was compared 

with a Bray-Curtis dissimilarity matrix of log(x+1) transformed species abundances per year 

per site and a Mantel’s correlogram was drawn in R using the ecodist package (Goslee and 

Urban 2007).  Mantel’s tests were performed on 1000 Monte Carlo permutated datasets.   

Mantel’s test was also run on the dissimilarity matrices of the two years to check for 

correlation between the years.   

 

3.2.3.3. Phylogenetic least squares method 

 To detect whether there was a phylogenetic signal in species response to the three 

environmental variables selected as ‘best’, we compared two types of generalized linear 

models, ordinary least squares (OLS) and phylogenetic least squares (PGLS).   Closely-
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related species were expected to behave similarly and to be non-independent, thereby defying 

the assumption for conventional generalized linear models.  In PGLS, the strength of the 

phylogenetic effect on the model is given by λ, which ranges from 0-1, with the higher the 

value, the stronger the phylogenetic effect on the model and the greater the non-independence 

of the species (Halsey et al. 2006; Kleynhans and Terblanche 2009).   PGLS models were 

compared with OLS models assuming no effect of phylogeny and independence of species, 

using the Akaike Information Criterion (AIC) (Burnham and Anderson 2002).  Akaike 

weight (wi) is the probability that the model is the correct one of those tested and evidence 

ratios determine the expected consistency of the best model on independently collected 

datasets (Burnham and Anderson 2002).   

A species-level phylogeny was constructed in Tree Edit for all 18 species based on 

Eades and Otte (2009), setting all branch lengths equal to one since these were unknown 

(Appendix 3.2).  In total, 98 models were compared – PGLS and OLS for each of three 

dependent variables and three independent variables and all possible interaction terms.  PGLS 

and OLS were implemented in R using the APE (Analysis of Phylogenetics and Evolution) 

package (Paradis et al. 2004) (Appendix 3.3).   

Two variables related to species response (dependent variables) were calculated for 

each species in each year: relative abundance (RelAbun) and incidence or the number of sites 

in which the species was found (Sites).  For both years together we included a third 

dependent variable: proportion of sites in which the species was found consistently in both 

years (SameSites).  For environmental (independent) variables (Area, Burn, Short grasses), 

we required one value per variable per species, and used the median weighted by the relative 

abundance of the species at the site.   

 

3.3. Results 

3.3.1. Comparing species assemblages among years 

There was no significant difference in abundance or species richness among the two years 

(Wilcoxon matched pairs test: Z = 0.426, p = 0.670; Z = 0.245, p = 0.807, respectively).  Four 

species, Acrida sp., Coryphosima stenoptera, Orthochtha sp., and Cannula gracilis, were in 

most sites in both years (COMMON species group).  One species, Crucinotacris cruciata, 

was collected in the reference site only in both years (NO SHIFT species group).  All other 

species were found in different sites in the two years (COMPLETE SHIFT species, n = 4) or 

in some of the same sites in both years (PARTIAL SHIFT species, n = 9) (Table 3.1).   
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 There was no general trend in spatial autocorrelation of species assemblages in either 

year (2007: rM = 0.118, p > 0.05; 2008: rM = 0.150, p > 0.05).  Dissimilarity matrices of 

species assemblages in 2007 and 2008 were significantly correlated with each other (rM = 

0.267, p = 0.040) and only two species, Atractomorpha acutipennis and Odontomelus sp., had 

significant spatial autocorrelation (r2007 = 0.252, p = 0.025, r2008 = 0.270, p = 0.016; r2007 = 

0.494, p = 0.003, r2008=0.197, p = 0.049, respectively).   

 

3.3.2. Comparing environmental variables among years 

Proportion of bare ground, and short grasses were significantly higher in 2007 than in 2008 

(Fig. 3.2).  There were significantly higher proportions of tall grasses in 2008 than in 2007.  

In 2008, there were significantly higher proportions of tall grasses than short grasses.  There 

was no significant difference in short and tall grasses in 2007 or in forbs among the two years 

(Fig. 3.2). 

 

3.3.3. Ordinations 

In the unconstrained analysis (PCA) for 2007 data, the first axis explained a much greater 

percentage of the variance in the species data than the second axis (1st axis = 41.3%; 2nd axis 

= 17.0%) indicating that they were heavily influenced by one environmental variable (Table 

3.2).  The management unit within which the site was located (used as covariable), also 

explained a relatively large percentage of the variance in the 2007 species data (covariables = 

12.2%).  In the PCA of 2008 data, the difference between the percentage variance explained 

by the first and second axes was smaller (1st axis = 31.6%; 2nd axis = 21.3%), and 

management unit explained a smaller percentage of the variance than in 2007 (covariables = 

7.0%) (Table 3.2). 

 In the constrained analyses (RDA) for both 2007 and 2008, landscape variables as a 

group explained the greatest percentage of variance, followed by management and vegetation 

variables, although only the management variables in 2008 were statistically significant as a 

group (Table 3.2).  In RDA with forward selection, in both 2007 and 2008, area and whether 

the site had been burnt three or more years prior to sampling explained a statistically 

significant percentage of the variance in the species data, and were therefore added to the 

‘best’ subset.  In 2008, proportion of short grasses at a site was also statistically significant.  

The RDA utilizing these three ‘best’ variables was statistically significant for both 2007 and 

2008 (Table 3.2). 
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 In the RDA plot with the three ‘best’ variables, the reference site appeared at a similar 

place on the plot in both years (Fig. 3.3a, b).   Area had a similar influence in both years, as 

did whether the site had been burnt three years prior to sampling.  Proportion of short grasses, 

however, exerted a much greater influence in 2008 than in 2007 (Table 3.2), and its direction 

was opposite in the two years.  In both years, the sites from the management unit to the south 

of the reference site formed a line along the second axis, although this was more pronounced 

in 2007, and despite the fact that management unit was partialled out of the analysis as a 

covariable.  The sites from the management unit to the north of the reference site were more 

widely dispersed in the RDA plot.   

 When both years were plotted together with the ‘best’ variables, the sites formed two 

distinct clusters (Fig. 3.3c).  Only sites 5, 6 and -8 plotted adjacent to themselves in both 

years.  The reference site also plotted in a similar position in both years but on either side of 

the first axis.  

 

3.3.4. Phylogenetic signal in species response 

Species abundance responded more strongly to environmental variables than species 

incidence in each year separately and for both years together (Table 3.3, Appendix 3.3).  

Models based on 2008 data performed better than those from a combination of both years 

which performed better than those on 2007 data alone.  Models using single environmental 

variables performed better than those utilizing interaction terms between variables, although 

none of the best-performing models were statistically significant. 

 There was a strong phylogenetic signal in the 2008 models and a weaker signal in the 

models using combined data from both years (λ2008 ~ 0.70; λ2007 ~ 0.43).  In 2007 the 

conventional models performed better than did the PGLS models.  The probability that the 

first three models accurately explained the relationship was much higher than that of the 

following models but intermediate overall (wi = 0.203, wi = 0.197, wi = 0.192, respectively).  

This was also reflected in the evidence ratios of each of the best-fit models (e.g. w1/w2=1.03), 

where the weak support for the best model suggested that if we were to analyze several 

independent datasets in a similar way, we would see substantial variation in the best model 

selected (Burnham and Anderson 2002).   
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3.4. Discussion 

Strength and sensitivity of grasshopper response to environmental variables was robust over 

the two years of this study.  The total number of individuals caught in the two years was 

equivalent, as was the relative abundance of each species.  Species response to three 

categories of environmental variables was reproducible and consistent over both years.  Area 

of a site and whether or not the site had been burnt three years prior to sampling were 

selected as the most influential variables in both years.   The primary difference in the species 

responses in the two time periods was the response to the proportion of short grasses at a site. 

In 2008, the grasshopper assemblage responded strongly to the proportion of short 

grasses but the same was not true for 2007.  Grass height was a complex result of several 

factors, most notably number of years since the last burn and grazing intensity, consistent 

with Samways and Kreuzinger (2001).  Both years had more tall grasses than short, but in 

2007 there was no significant difference between these, indicating that grass height was more 

homogeneous in this sampling period.  Perhaps this lack of heterogeneity led to the lack of 

influence of the proportion of short grasses on the species assemblage in 2007. 

Of the variables selected for the ‘best’ subset, one was a landscape variable, one was a 

management variable and one was a vegetation variable, showing that grasshoppers are 

sensitive to factors on multiple levels and scales. Previous studies in South Africa’s 

grasslands have shown that grasshoppers are particularly responsive to grassland 

management (Samways et al. 2010).  The findings of this study show that they are equally 

sensitive to variables unrelated (or indirectly related) to management, making them a 

promising candidate to be used in bioindication of ENs which are, by definition, landscape-

scale and incorporate heterogeneity on multiple levels from large-scale geographical and 

topographical differences to small-scale, patch-level differences.  An ideal bioindicator for 

ENs should be capable of detecting changes at multiple scales, as these grasshoppers do.   

Assemblages were autocorrelated between the two years, meaning that if two sites 

had dissimilar species assemblages in the first year, they would still have dissimilar 

assemblages in the next, even if the assemblages themselves had changed.  Only two species, 

A. acutipennis and Odontomelus sp., had significant spatial autocorrelation with a clear center 

of distribution radiating outwards to adjacent sites.  The closer the sites were to this center, 

the higher the abundances of these species.   

Species spatial patterns could be classified by grouping species based on their 

incidence as those that occurred at: most sites (four ‘common’ species), one site only (one ‘no 
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shift’ species), some of the same sites (nine ‘partial shift’ species) or completely different 

sites (four ‘complete shift’ species).  If a species was not collected at a given site, this did not 

mean that the species was absolutely absent from that site.  The probability of collecting a 

species at a site is dependent on many factors including species-specific probability of 

detection, population dynamics and movement (Magurran 2004).  However, based on this 

crude measurement of incidence, it was interesting to note that a pattern emerged wherein 

species’ incidences roughly aligned with phylogeny.  Four of the five species from the acridid 

subfamily Acridinae, belonged to the ‘common’ species group and four of the six 

Oedipodinae species were in the ‘complete shift’ group.   

The Oedipodinae subfamily is known to be strong-flying and to frequently bask on 

dark surfaces and oviposit in bare ground (Borror 1989).  These grasshoppers are often 

associated with roads, perhaps explaining the increased shifting in this subfamily.  Roads 

may have acted as corridors for these species, allowing them to travel more readily within 

ENs.  The Acridinae subfamily consists of many generalist, graminivorous species well 

adapted for camouflage within grass, but with weaker flight capabilities than the Oedipodinae 

(Johnsen 1991).  Therefore, the species incidence patterns of these two groups reflect 

behavioral and physiological differences between the groups, and a phylogenetic signal.  In 

the PGLS tests, the phylogenetic signal in species response to environmental variables was 

much stronger when relating grasshopper abundance than incidence.  This corroborates the 

findings of many previous studies that, when possible, species abundance provides more 

information than incidence (Magurran 2004).   

Grasshopper species’ response to environmental variables was strong, sensitive and 

robust over time.  Grasshoppers responded strongly to variables in multiple categories – those 

related to design, management and vegetation structure of ENs, providing evidence that they 

may serve as an appropriate ecological indicator for ENs which include, by definition, 

multiple scales.  Based on the strong phylogenetic signal in the response of species’ 

abundance to environmental variables, grasshopper response varies among grasshopper 

higher taxa.   
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-8 -7 -6 -5 -4 -3 -2 -1 REF 1 2 3 4 5 6

2007 + + 4

2008 + + 5

2007 + + + + + 8

2008 + + + + 4

2007 + 3

2008 + + 13

2007 + + + + 10

2008 + + + + + 28

2007 + + + 3

2008 + 1

2007 + + + + 5

2008 + + 3

2007 + + + 3

2008 + + + + + + + 12

2007 + + 3

2008 + + + + + + + + + 19

2007 + + 2

2008 + 1

2007 + + + + 4

2008 + + 3

2007 + + + 4

2008 + + + 4

2007 + 2

2008 + + 2

2007 + + 2

2008 + 3

2007 + 1

2008 + 9

2007 + + + + + + + + + + + + + + + 115

2008 + + + + + + + + + + + + + + 71

2007 + + + + + + + + + + + + 39

2008 + + + + + + + + + 17

2007 + + + + + + 15

2008 + + + + + + + + + + + 33

2007 + + + + + + + + + + + 47

2008 + + + + + + + + + + + 54

d Number of individuals collected at site.

Common 
species

Acr Orthochtha sp.

Acr Acrida  sp.

Acr Cannula gracilis

Acr Coryphosima stenoptera 

a Species group by degree of overlap in site over the two years.
b Subfamily of Acrididae: Acr, Acridinae; Cat, Catantopinae; Cop, Coptacridinae; Eyp, Eyprepocnemidinae; Gom, Gomphocerinae; 
Oed, Oedipodinae; Tro, Tropidopolinae; or Family: Pyr, Pyrgomorphidae.
c Site codes correspond to those in Fig. 3.1, negative values indicates site is south of reference site, REF = reference site; + 
indicates species was present at site.

Oed Morphacris fasciata 

No shift Gom Crucinotacris cruciata 

Complete 
shift

Oed Aiolopus meruensis 

Oed Gastrimargus crassicollis 

Oed Humbe tenuicornis 

Tro Tristria discoidalis 

Eyp Tylotropidius didymus 

Cat Vitticatantops maculata 

Acr Odontomelus sp. 

Oed Oedaleus carvalhoi 

Oed Paracinema tricolor 

Cop Eucoptacra turneri 

Table 3.1. Focal species used in study, their incidence and abundance at each site in each year.

Groupa Higher taxonb Species

Presence at site c

Abundanced

Partial 
shift

Pyr Atractomorpha acutipennis 

Gom Diablepia viridis 
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Variable group F p F p

Firs t axis 41.30% 31.60%

Second axis 17.00% 21.30%

Covariables 12.20% 7.00%

Covariables 12.20% 1.805 0.082 7.00% 0.971 0.438

Landscape 51.00% 1.187 0.308 59.20% 1.499 0.068

Firs t axis 24.30% 26.00%

Second axis 12.00% 14.80%

Area 29.41% 2.410 0.038 33.78% 3.200 0.006

Vegetation 21.80% 0.527 0.982 39.00% 1.152 0.306

Firs t axis 11.50% 17.30%

Second axis 6.70% 10.60%

Short grasses 13.76% 0.390 0.864 35.90% 2.070 0.046

Management 47.50% 1.378 0.154 50.90% 1.930 0.016

Firs t axis 35.20% 26.30%

Second axis 9.20% 12.60%
Burnt three 
years  prior 56.84% 5.410 0.002 37.33% 3.030 0.004

Best 52.20% 2.268 0.020 54.00% 2.406 0.002

Firs t axis 31.80% 23.90%

Second axis 6.50% 10.10%

PCA

RDA of 
grouped 
variables

Table 3.2. Comparison of ordination results  for 2007 and 2008, with Monte Carlo permutation tes ts  on 
499 runs .  Significant values  at 5% level are indicated in bold.

2007 2008

Percentage 
of variance 
explained

All axes Percentage of 
variance 
explained

All axes
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Ranka Year Modelb Analysisc
λ

d AIC e w i
f Estimate ± SE

1 2008 RelAbun~Burn PGLS 0.702 -45.770 0.2030 0.009758±0.027077

2 2008 RelAbun~Short grasses PGLS 0.704 -45.710 0.1969 -0.03257±0.118976

3 2008 RelAbun~Area PGLS 0.712 -45.654 0.1915 0.002314±0.015003

15 2007&2008 RelAbun~Short grasses PGLS 0.419 -34.880 0.0009 0.095689±0.159214

16 2007&2008 RelAbun~Burn PGLS 0.445 -34.722 0.0008 -0.01484±0.031774

17 2007&2008 RelAbun~Area PGLS 0.431 -34.482 0.0007 -0.00073±0.020693

29 2007 RelAbun~Burn OLS -25.564 -0.02595±0.07076

30 2007 RelAbun~Area OLS -25.414 -0.00035±0.022359

31 2007 RelAbun~Short grasses OLS -25.414 0.004648±0.268762

f Akaike weight is the probability that the model tested is the correct one.

Table 3.3. Results of phylogenetic least squares models relating species traits to 'best' environmental 
variables selected in ordination analysis.  Results shown are three best models for each sampling 
period and both sampling periods together.

a Rank of model out of 98 models compared in total.
b Each species shift trait (independent variable) paired with each landscape variable (dependent 
variable).  Models of independent variable reaction terms are not shown in order to conserve space 
and because in most cases they ranked lower.  
c PGLS = phylogenetic least squares, OLS = ordinary least squares method.
d Indicates strength of phylogenetic effect on model.  The closer the value is to 1, the stronger the 
effect.
e Akaike Information Criterion. The lower the value, the better the fit of the model.
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Figure 3.1. Map of study area. Location of study sites and other ecological networks within 

commercial timber plantations in KwaZulu-Natal Province, South Africa, are shown.  Inlay 

close-up of sites -7 and -8 provides detail of isolation of sites within commercial timber 

stands. REF = large, reference site approximately in the center of the other sites.  Sites are 

numbered according to their distance from the reference site, with negative numbers to the 

south and positive number to the north.  The larger the number the greater the distance to the 

reference site. 
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Figure 3.2. Histogram comparing mean proportions of vegetation types among years.  T and 

p values shown are results from paired t-test.  White bars indicate 2007 and black bars 

indicate 2008.   
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Figure 3.3. Redundancy analysis (RDA) plots of sites with the three ‘best’ variables for 2007 

(a); 2008 (b); and both years together (c).  Numbers indicate sites (see Fig. 3.1), ‘x’ indicates 

sites to the south of the reference site, open squares indicate sites to the north of the reference 

site, arrows indicate continuous environmental variables and upside down, black triangles 

indicate nominal environmental variables.  In (c), 2007 and 2008 sites are encircled. 
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Site Code 2007 2008 2007 2008
-8 11 21 5 4 14.47 1.32 19.74 0.00 104.84
-7 19 16 6 5 5.57 1.36 19.44 4.25 117.02
-6 15 11 5 5 5.85 1.85 16.93 0.00 0.00
-5 21 16 1 7 17.38 2.44 18.04 0.00 0.00
-4 13 6 6 3 8.88 1.60 15.37 0.00 61.20
-3 7 15 3 5 11.90 1.50 15.43 0.00 0.00
-2 15 14 6 6 7.65 3.01 11.70 5.84 52.13
-1 11 21 7 9 7.56 2.87 11.48 1.33 141.98

REF 49 22 9 6 292.92 1.45 0.74 0.00 0.50
1 29 17 6 5 0.05 1.73 3.97 0.00 109.51
2 26 7 5 4 19.77 2.02 3.81 0.00 90.39
3 18 31 4 7 13.78 2.43 6.56 1.24 104.69
4 11 19 6 5 14.28 1.75 7.38 0.00 233.46
5 10 38 6 7 2.13 1.70 12.48 0.00 80.13
6 15 27 6 7 2.15 2.20 12.66 0.00 79.77

Appendix 3.1. Table of sites and their environmental characteristics.

b
 L = low; M = medium; H = high.

Grasshopper variables Landscape characteristics

No. of 
individuals

Species 
richness

Area (ha)
Shape 
Index

Distance to 
reference 
site (km)

Area of 
indigenous 

forest within 
500 m (ha)

Area of 
grassland 

within 
500 m (ha)

a
 Sites are listed geographically from south to north.  REF = reference site (see Fig. 3.1.).
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Site Code 
a

2007 2008 2007 2008 2007 2008 2007 2008 2007 2008

-8 79.40 76.50 0.09 0.03 0.42 0.62 0.34 0.09 0.14 0.26 0 2 L L

-7 62.23 65.23 0.37 0.13 0.62 0.86 0.01 0.00 0.00 0.01 10 3 L L

-6 90.53 57.80 0.36 0.34 0.51 0.53 0.00 0.06 0.13 0.07 10 3 L L

-5 94.57 105.73 0.29 0.07 0.55 0.78 0.15 0.09 0.02 0.06 10 3 L L

-4 67.50 103.20 0.34 0.14 0.49 0.63 0.17 0.03 0.00 0.20 10 3 L L

-3 90.57 58.93 0.49 0.16 0.47 0.76 0.03 0.00 0.01 0.08 10 3 L L

-2 91.57 65.03 0.28 0.24 0.52 0.53 0.19 0.04 0.01 0.19 10 3 L L

-1 75.27 77.47 0.24 0.29 0.63 0.69 0.12 0.01 0.01 0.02 10 3 L L

REF 72.13 60.40 0.57 0.20 0.23 0.75 0.17 0.03 0.03 0.02 0 1,3 L M

1 64.07 58.40 0.74 0.26 0.24 0.68 0.02 0.05 0.00 0.01 20 2 M H

2 88.60 54.83 0.26 0.09 0.68 0.89 0.04 0.00 0.02 0.02 20 >3 M M

3 68.43 53.70 0.62 0.15 0.33 0.79 0.00 0.04 0.06 0.03 20 >3 M M

4 65.50 51.07 0.43 0.12 0.47 0.72 0.00 0.00 0.10 0.16 20 >3 H L

5 62.47 51.20 0.55 0.50 0.35 0.47 0.10 0.03 0.00 0.00 5 >3 L H

6 61.03 35.07 0.37 0.28 0.38 0.66 0.01 0.04 0.24 0.02 5 >3 L H

Disturbance 

level
b

Grazing 

intensity
b

Appendix 3.1. (continued)

Mean 
vegetation 
height (cm)

Proportion 
of short 
grasses

Management characteristics

Proportion 
of tall 

grasses

Proportion 
of bare 
ground

Proportion 
of forbs

Vegetation characteristics

Restored to 
grassland 

(years)
Last burn 

(years)
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Acrida sp.

Crucinotacris cruciata

Diablepia viridis

Vitticatantops maculatus

Tylotropidius didymus

Eucoptacra turneri

Tristria discoidalis

Atractomorpha acutipennis

Oedaleus carvalhoi

Gastrimargus crassicollis

Paracinema tricolor

Aiolopus meruensis

Coryphosima stenoptera

Cannula gracilis

Orthochtha sp.

Odontomelus sp.

Humbe tenuicornis

Morphacris fasciata

 

 

Appendix 3.2. Phylogenetic tree used in phylogenetic least squares analysis.  Tree built using 

Eades and Otte (2009) with all branch lengths set to one since these were unknown. 
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Year Model Analysis  
a
λ

b
AIC 

c
wi d

1 2008 RelAbun~Burn PGLS 0.702 -45.770 0.202986833

2 2008 RelAbun~Short grasses PGLS 0.704 -45.710 0.196912824

3 2008 RelAbun~Area PGLS 0.712 -45.654 0.191520741

4 2008 RelAbun~Area+Burn PGLS 0.623 -44.371 0.100816911

5 2008 RelAbun~Short grasses+Burn PGLS 0.675 -43.949 0.081664232

6 2008 RelAbun~Area+Short grasses PGLS 0.704 -43.710 0.07246119

7 2008 RelAbun~Area+Short grasses+Burn PGLS 0.619 -42.382 0.037291339

8 2008 RelAbun~Area+Burn OLS -41.984 0.030566239

9 2008 RelAbun~Short grasses OLS -40.956 0.018281619

10 2008 RelAbun~Short grasses+Burn OLS -40.467 0.014316262

11 2008 RelAbun~Burn OLS -40.465 0.014301953

12 2008 RelAbun~Area+Short grasses+Burn OLS -40.319 0.013295108

13 2008 RelAbun~Area OLS -40.308 0.013222185

14 2008 RelAbun~Area+Short grasses OLS -38.956 0.006725432

15 2007&2008 RelAbun~Short grasses PGLS 0.419 -34.880 0.000876395

16 2007&2008 RelAbun~Burn PGLS 0.445 -34.722 0.000809496

17 2007&2008 RelAbun~Area PGLS 0.431 -34.482 0.00071808

18 2007&2008 RelAbun~Short grasses OLS -33.721 0.000490856

19 2007&2008 RelAbun~Burn OLS -33.385 0.000414947

20 2007&2008 RelAbun~Short grasses+Burn PGLS 0.433 -33.303 0.000398239

21 2007&2008 RelAbun~Area OLS -33.257 0.000389223

22 2007&2008 RelAbun~Area+Burn PGLS 0.464 -32.948 0.000333551

23 2007&2008 RelAbun~Area+Short grasses PGLS 0.410 -32.946 0.000333223

24 2007&2008 RelAbun~Short grasses+Burn OLS -32.095 0.000217707

25 2007&2008 RelAbun~Area+Short grasses OLS -32.024 0.000210114

26 2007&2008 RelAbun~Area+Burn OLS -31.403 0.000154031

27 2007&2008 RelAbun~Area+Short grasses+Burn PGLS 0.444 -31.345 0.000149603

28 2007&2008 RelAbun~Area+Short grasses+Burn OLS -30.130 8.15039E-05

29 2007 RelAbun~Burn OLS -25.564 8.31159E-06

30 2007 RelAbun~Area OLS -25.414 7.71103E-06

31 2007 RelAbun~Short grasses OLS -25.414 7.71103E-06

32 2007 RelAbun~Burn PGLS 0.323 -25.197 6.91855E-06

33 2007 RelAbun~Short grasses PGLS 0.279 -24.700 5.39564E-06

Appendix 3.3. Results  of all environmental models  explaining grasshopper species  abundance 
and incidence traits .

a 
PGLS = phylogenetic leas t squares , OLS = ordinary least squares  method.

b 
Indicates  s trength of phylogenetic effect on model.  The closer the value is  to 1, the s tronger 

the effect.
c 
Akaike Information Criterion.

d 
Akaike weight is  the probability that the model tes ted is  the correct one.
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Year Model Analys is  
a
λ

b
AIC 

c
wi d

34 2007 RelAbun~Area PGLS 0.257 -24.601 5.1357E-06

35 2007 RelAbun~Short grasses+Burn OLS -23.590 3.09767E-06

36 2007 RelAbun~Area+Burn OLS -23.586 3.09148E-06

37 2007 RelAbun~Area+Burn PGLS 0.352 -23.465 2.90991E-06

38 2007 RelAbun~Area+Short grasses OLS -23.415 2.83815E-06

39 2007 RelAbun~Short grasses+Burn PGLS 0.330 -23.219 2.57349E-06

40 2007 RelAbun~Area+Short grasses PGLS 0.280 -22.703 1.98818E-06

41 2007 RelAbun~Area+Short grasses+Burn OLS -21.837 1.28937E-06

42 2007 RelAbun~Area+Short grasses+Burn PGLS 0.353 -21.677 1.19047E-06

43 2007&2008 SameSites~Burn PGLS 0.604 -1.470 4.87214E-11

44 2007&2008 SameSites~Area+Burn PGLS 0.588 -0.160 2.53128E-11

45 2007&2008 SameSites~Short grasses+Burn PGLS 0.611 0.477 1.84074E-11

46 2007&2008 SameSites~Area+Short grasses+Burn PGLS 0.602 1.494 1.10667E-11

47 2007&2008 SameSites~Burn OLS 1.597 1.05156E-11

48 2007&2008 SameSites~Area+Burn OLS 2.691 6.08339E-12

49 2007&2008 SameSites~Short grasses+Burn OLS 3.591 3.87991E-12

50 2007&2008 SameSites~Area+Short grasses+Burn OLS 4.477 2.49107E-12

51 2007&2008 SameSites~Area PGLS 0.464 4.569 2.37944E-12

52 2007&2008 SameSites~Area OLS 5.237 1.70312E-12

53 2007&2008 SameSites~Area+Short grasses PGLS 0.471 6.185 1.06031E-12

54 2007&2008 SameSites~Area+Short grasses OLS 6.925 7.32356E-13

55 2007&2008 SameSites~Short grasses PGLS 0.663 10.837 1.03581E-13

56 2007&2008 SameSites~Short grasses OLS 12.757 3.96629E-14

57 2008 Sites~Area+Burn PGLS 0.560 98.927 7.70638E-33

58 2008 Sites~Burn PGLS 0.737 99.178 6.79525E-33

59 2008 Sites~Area+Burn OLS 100.490 3.527E-33

60 2008 Sites~Short grasses+Burn PGLS 0.683 100.859 2.93248E-33

61 2008 Sites~Area+Short grasses+Burn PGLS 0.560 100.927 2.83502E-33

62 2008 Sites~Area PGLS 0.799 101.557 2.06917E-33

63 2008 Sites~Short grasses PGLS 0.783 101.732 1.89582E-33

64 2008 Sites~Area+Short grasses+Burn OLS 102.070 1.60071E-33

65 2007 Sites~Burn PGLS 0.713 103.042 9.84766E-34

Appendix 3.3. (continued)
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Year Model Analysis  
a
λ

b
AIC 

c
wi d

66 2008 Sites~Area+Short grasses PGLS 0.788 103.483 7.89898E-34

67 2007 Sites~Area+Burn PGLS 0.737 103.525 7.73213E-34

68 2008 Sites~Short grasses+Burn OLS 104.040 5.97769E-34

69 2007&2008 Sites~Short grasses PGLS 0.703 104.294 5.26554E-34

70 2007 Sites~Area+Short grasses+Burn PGLS 0.810 104.315 5.20898E-34

71 2007 Sites~Short grasses PGLS 0.551 104.400 4.99199E-34

72 2007 Sites~Area PGLS 0.517 104.670 4.36311E-34

73 2007 Sites~Short grasses+Burn PGLS 0.706 104.878 3.93234E-34

74 2007 Sites~Burn OLS 105.140 3.44883E-34

75 2007&2008 Sites~Area PGLS 0.740 105.862 2.40328E-34

76 2007&2008 Sites~Burn PGLS 0.697 106.193 2.03711E-34

77 2007&2008 Sites~Short grasses+Burn PGLS 0.691 106.248 1.98176E-34

78 2007 Sites~Burn OLS 106.260 1.97E-34

79 2007&2008 Sites~Area+Short grasses PGLS 0.707 106.264 1.96636E-34

80 2007 Sites~Area OLS 106.360 1.87392E-34

81 2007 Sites~Area+Short grasses PGLS 0.545 106.378 1.8576E-34

82 2007 Sites~Short grasses OLS 106.460 1.78253E-34

83 2008 Sites~Short grasses OLS 106.770 1.52659E-34

84 2008 Sites~Area OLS 107.510 1.05447E-34

85 2007&2008 Sites~Short grasses OLS 107.820 9.0306E-35

86 2007&2008 Sites~Area+Burn PGLS 0.737 107.861 8.84736E-35

87 2007 Sites~Area+Burn OLS 107.910 8.63323E-35

88 2007&2008 Sites~Area+Short grasses+Burn PGLS 0.695 108.245 7.30179E-35

89 2007 Sites~Short grasses+Burn OLS 108.250 7.28356E-35

90 2007 Sites~Area+Short grasses OLS 108.360 6.89378E-35

91 2008 Sites~Area+Short grasses OLS 108.650 5.96327E-35

92 2007 Sites~Area+Short grasses+Burn OLS 109.350 4.20225E-35

93 2007&2008 Sites~Burn OLS 109.510 3.87916E-35

94 2007&2008 Sites~Area OLS 109.670 3.58092E-35

95 2007&2008 Sites~Area+Short grasses OLS 109.740 3.45775E-35

96 2007&2008 Sites~Short grasses+Burn OLS 109.780 3.38929E-35

97 2007&2008 Sites~Area+Short grasses+Burn OLS 111.450 1.47052E-35

98 2007&2008 Sites~Area+Burn OLS 111.510 1.42706E-35

Appendix 3.3. (continued)
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Chapter 4 

Grasshopper and butterfly local congruency in grassland remnants 

 

Grasshoppers could be considered as appropriate ecological indicators for grasslands 

owing to their sensitive response to environmental features.  However, if grasshoppers 

are a good ecological indicator, they must i) also represent other taxa, and ii) provide 

additional information over straight measurement of environmental variables.  To 

assess this, we compared the congruence of species richness patterns of grasshoppers 

with butterflies and environmental variables in two areas with extensive ecological 

networks (ENs).  ENs are landscape-scale remnants of corridors and nodes of natural 

habitat running throughout a transformed, usually agricultural, landscape.  Species 

richness of grasshoppers and butterflies did not differ among reference and EN sites, 

but guild composition differed significantly.  While ENs adequately conserved overall 

diversity of these two groups, they were utilized preferentially by small-sized 

grasshoppers and shrub and tree-feeding butterflies.  Reference sites had significantly 

more graminivorous and intermediate-mobility grasshopper species, as well as more 

butterfly species with widespread distribution, herbaceous dicot feeders and those 

with no recorded association to forest edges.  Nevertheless, grasshopper and butterfly 

species richness’ were highly correlated.  These results were similar across 

geographic areas, despite the fact that the areas differed significantly in their overall 

richness and species composition.  Although there were some specific significant 

correlations between environmental variables and diversity, none of the variables 

could adequately replace use of the insect assemblage for bioindication.  We conclude 

that grasshopper species and guild richness are representative of the butterfly 

assemblage, and provide information which is not sufficiently clear when utilizing 

only environmental variables.  
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4.1. Introduction 

Terrestrial invertebrates have been suggested as potential bioindicators for many scenarios 

and regions of the world (Kremen et al. 1993; Duelli et al. 1999; McGeoch 2007).  However, 

for an organism to be considered a bioindicator, several steps must be followed and certain 

critical criteria met (Duelli and Obrist 2003; McGeoch 2007; Fleishman and Murphy 2009).  

Firstly, clarification is required within the specific context, of both the term ‘indicator’ and 

the specific goals of the proposed indicator.  Here, we adopt McGeoch’s (2007) definition of 

an ecological indicator as “a species or group of species that demonstrates the effect of 

environmental change (such as habitat alteration, fragmentation and climate change) on biota 

or biotic systems”.  To increase the ‘predictability’ of the indicator, McGeoch (2007) then 

suggests several additional steps including establishment of the relationship between the 

indicator and object to be indicated, robustness of this relationship and representativeness of 

the indicator for other taxa.   

 Another important factor to take into account during insect bioindicator designation is 

feasibility, as the process of adequately sampling insects in an ecosystem can be time-

consuming and costly (Fleishman and Murphy 2009).  In a commercial context, these 

considerations may determine whether a bioindication system, once developed, is actually 

applied.  McGeoch et al. (2002) address this when they identify an indicator assemblage of 

dung beetles in South Africa and then validate it on a smaller dataset representative of a 

collection for monitoring purposes.  They also identify ‘detector’ species – indicators of the 

turnover of habitat along a gradient of disturbance – from mixed woodland to sand forest.  

However, if this turnover were easily observed in the vegetation composition or structure, 

then this may preclude the need for a time-consuming survey of the dung beetle assemblage.   

 Among the arthropods, grasshoppers (Insecta: Orthoptera: Acridoidea) have been 

suggested as appropriate bioindicators for several regions and biomes (Báldi and Kisbenedek 

1997; Kati et al. 2004; Sauberer et al. 2004; Steck et al. 2007).  Within South Africa’s 

grasslands, they have been shown to fulfill the first criteria for an ecological indicator 

(McGeoch 2007), strong and sensitive response to their habitat (Kinvig 2006), particularly to 

management practices such as burning (Chambers and Samways 1998), grazing (Rivers-

Moore and Samways 1996; Gebeyehu and Samways 2003), and mowing (Chambers and 

Samways 1998).  In this study, we build upon the strength of grasshoppers’ relationships with 

their habitat, and address two further considerations for their application as bioindicators: 

whether species diversity and composition is congruent with that of butterflies, and whether 

their response to habitat can be adequately indicated by measurement of environmental 



CHAPTER 4: CONGRUENCY 94 

 

variables.   

 Butterflies were chosen for this study because in South Africa, they respond to 

landscape design by flying faster through narrow than wide corridors (Pryke and Samways 

2001), and have been shown to have a clear preference for habitat of high quality (Pryke and 

Samways 2003).  A similar study in Greece showed that grasshoppers and butterflies had 

strongly congruent species richness patterns and that both groups were influenced by 

common ecological factors (Zografou et al. 2009).  To increase the robustness of our 

findings, we compiled information from two geographic regions with distinct insect 

assemblages (Fleishman and Murphy 2009).  We also included guild-level assemblage 

characteristics since information may be lost when species identity is not taken into account 

(McGeoch et al. 2002; Magurran 2004; Pearman and Weber 2007).   Certain species are 

known to benefit from disturbance (Grez et al. 2004; Schulze et al. 2004), and high species 

diversity does not always correlate with the presence of high conservation value species 

(Schulze et al. 2004).  Application of a species-level bioindicator also presents a problem, as 

assemblages have been shown to turn over, sometimes as often as every eleven years 

(Margules et al. 1994).  Dividing species into guilds provides an intermediate alternative to 

these levels (Barbaro and van Halder 2009).  Grasshoppers and butterflies were collected and 

compared within a complex system of remnant grassland corridors and nodes (ecological 

networks, ENs) within an exotic timber plantation matrix in South Africa.   

 ENs are landscape-scale systems of remnant or restored natural habitat which are 

established and managed within transformed, usually agricultural, landscapes (Jongman and 

Pungetti 2004; Samways 2007).  They are intended to provide additional habitat and 

movement corridors for organisms to navigate altered landscapes, thereby mitigating the 

effects of this transformation.  However, although some landscapes which unintentionally 

meet these criteria have been in place for centuries, the concept of managing and designing 

ENs for optimal conservation function is a new one, requiring much more research (Boitani 

et al. 2007).   Commercial, exotic, timber plantations cover 1.1% of South Africa’s land 

surface area (500 000 ha) (DWAF 2009), mostly within the highly threatened grassland 

biome (Reyers et al. 2001; Neke and du Plessis 2004).  In order to increase the market value 

of their goods, South African timber companies leave, on average, one-third of all of their 

holdings permanently unplanted, and these areas form the ENs of grassland running 

throughout the exotic timber matrix (Jackleman et al. 2006).    

 Conditions of many aspects of the ENs can be monitored directly (e.g. soil moisture 

content, mean vegetation height) or by using GIS (e.g. size and isolation of ENs).  Since both 
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grasshoppers and butterflies respond sensitively to their environments, then it is conceivable 

that they could correlate strongly with one or several environmental variables, which could 

then be monitored instead of the assemblage, if the grasshoppers are found not to provide 

sufficient unique information to warrant such costly monitoring techniques.  Here, we 

compare the congruence of grasshopper and butterfly species richness patterns to assess 

representativeness, and then correlate the species richness’ of the two groups with various 

environmental variables.   

   We ask the questions: (1) To what extent are ENs effectively conserving diversity of 

grasshoppers and butterflies?  (2) To what extent are grasshopper and butterfly species 

diversity and composition congruent?  (3) Can any environmental variables be identified 

which correlate with diversity of either taxon or their individual guilds and that could replace 

the necessity for a bioindicator?   

 

4.2. Methods 

4.2.1. Study area 

The study region consisted of four exotic timber management units (MUs) in KwaZulu-Natal 

Province, South Africa, in two geographically distinct regions of the province, Zululand (3 

MUs, 28˚15’S 32˚20’E) and the Midlands (1 MU, 29˚25’S 30˚30’E), about 200 km apart 

(Fig. 4.1, Table 4.1).   MUs were established by Mondi, the commercial paper producer, for 

logistical and business reasons.  Each MU is under the control of a different manager, which 

may affect the frequency and extent of management actions, as these are heavily reliant on 

logistical and commercial considerations and do not take top priority (e.g. if weather is 

unseasonably hot and windy, then prescribed burnings may be delayed, or if there is a pest 

outbreak damaging commercial trees, then all necessary resources would be diverted to this).  

The two regions differed in vegetation type: Zululand consisted mostly of Maputaland 

Wooded Grassland and the Midlands of Drakensberg Foothills Moist Grassland (Mucina and 

Rutherford 2006), in elevation – Zululand was 10-100 m above sea level and the Midlands 

was 1400-1800 m above sea level – and in topography – Zululand was flat with an 

elevational range of 90 m and the Midlands was more hilly with an elevation range of 400 m.  

Additionally, the Zululand MUs consisted of mostly Eucalyptus spp., while the Midlands MU 

consisted of predominantly Pinus spp.  Both types of trees have previously been shown to be 

detrimental to insect assemblages (Samways and Moore 1991; Armstrong and van 

Hensbergen 1996; Ratsirarson et al. 2002) and both act as barriers to free insect movement 

and ensure independence of EN sites at the time scale of the study.   
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 The MUs were 7 826 ha, 6 653 ha, 8 595 ha, and 5 241 ha, respectively with 17% - 

49% (mean value 27%) of the MU maintained as conservation areas which made up the ENs.  

All four MUs were originally planted between 50-100 years prior to sampling.  Natural 

grassland remnants varied in age, with some having never been planted and others having 

been restored to natural conditions within the last five years.  ENs in the MUs consisted of 

conservation areas deliberately left unplanted in accordance with regulations instated by 

South Africa’s Department of Water Affairs and Forestry (DWAF), as well as utility areas 

such as power line servitudes, fire breaks, dwellings and office complexes.   

 Three large, unfragmented, natural grassland areas adjacent to the MUs were utilized 

as reference sites for the purpose of comparing assemblages within ENs to the most likely 

assemblage outside of the EN (N = 3; Colwell and Coddington 1994).  These were the only 

available reference sites in the region or more would have been included.  At the Midlands 

MU (MU 4, see Table 4.1), the reference site was a large grassland on the outskirts of the 

forests (308 ha) adjacent to the Karkloof Nature Reserve.  In Zululand, the two reference sites 

were the Langepan Vlei (40 ha) home to the only remaining population of Kniphofia 

leucocephala (Baijnath 1992), a critically endangered plant (for MU 1), and the entrance way 

to the iSimangaliso Wetland Park (70 ha), a World Heritage Site (for MU 2 and 3).  

 

4.2.2. Grasshopper and butterfly sampling 

Thirty-one sites of remnant grassland along with three references sites were chosen for 

sampling.  These sites ranged from 1 ha to 22 ha and the minimum distance between any two 

sites was 500 m, separated by exotic timber which was inhospitable to the study organisms 

and ensured independence of sites.  One large quadrat of 50 m x 50 m was delineated in the 

center of each grassland site, 10 m internally to the edge of the site to avoid the influence of 

edge effects (Chambers and Samways 1998).  This was the maximum quadrat size possible to 

sample in all sites.  Where sites were within power line servitudes, the quadrat dimensions 

were altered to 125 m x 20 m because of the long, narrow shape of these sites.  Three types of 

sites were identified and are referred to as “site types”: reference sites (N = 3), continuous 

sites (i.e. power line servitudes or fire breaks; N = 10), and isolated patches (N = 21).   

Grasshoppers and butterflies were sampled by CS Bazelet and BN Gcumisa, four 

times within each site between February-April 2008, between 09:00 and 17:00 on sunny days 

with low cloud cover, twice in the morning and twice in the afternoon on alternating days to 

avoid sampling bias.  There were no significant differences in species richness among the 

times of day (AM vs. PM) (Kruskal-Wallis test in SAS Enterprise Guide 4.1: grasshoppers: χ2 
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= 1.77, p > 0.05; butterflies: χ
2
 = 1.05, p > 0.05).  Grasshopper sampling was completed four 

times for 30 min each time, by walking through the quadrat and flushing individuals, then 

actively capturing them with an insect net.  Of the four total hours spent sampling, sweep 

netting was conducted for half an hour to account for the sedentary minority of species.  All 

adult grasshoppers were retained and identified by CS Bazelet to the most recent accepted 

taxonomic classifications using Dirsh (1965), Eades and Otte (2009), and Johnsen (1984; 

1991).  Although individuals were counted, for the purpose of this study, values have been 

reduced to incidence data.  Timed counts of large quadrats is an acceptable method for 

sampling grasshoppers in relatively short grass swards (<50 cm) when they occur in low 

densities (Gardiner et al. 2005).   

Butterflies were sampled in the same quadrats as the grasshoppers to standardize 

methods.   Butterflies were also sampled four times, for 20 min each time by two people.  All 

new species were captured and identified in the field using Woodhall (2005).  Individuals that 

could not be identified in the field and one individual of each new species encountered were 

stored in a voucher collection.  All other individuals were released.  Only incidence data were 

recorded per species per site to avoid pseudoreplication.   

 

4.2.3. Guilds 

All species were assigned to guilds based on known life history traits (Appendix 4.1 and 4.2).  

The life-history traits chosen were expected to be good predictors of species response to 

fragmentation (Henle et al. 2004; Barbaro and van Halder 2009).  Four life history traits were 

selected for grasshoppers, and evaluated from a number of sources (Dirsh 1965; Gandar 

1983; Johnsen 1984; Johnsen 1991).  Where specific information could not be found (for 

South African grasshoppers ecological information is particularly scant), we extrapolated 

from closely-related species.  Five butterfly traits were selected and evaluated using a number 

of sources (Van Son 1949; Van Son 1955; Van Son 1963; Van Son 1979; Henning et al. 

1997; Woodhall 2005). 

Grasshopper and butterfly distributions were categorized as localized, regional or 

widespread on the basis of their extent of occurrence in South Africa.  Grasshopper trophic 

guild was designated as graminivorous, mixed-feeder or forb-feeder only (Kinvig 2006).  

Butterfly feeding guild was evaluated based on the larval food plant as graminivorous, 

herbaceous dicot-feeders, shrub and tree-feeders, and a single insectivorous species (Barbaro 

and van Halder 2009).   Body size was categorized as small, medium or large.  For 

grasshoppers, we used the classification assigned by Dirsh (1965) for each grasshopper 
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genus, although he did not specify the size range of each of the three categories.  For 

butterflies, we categorized size as: <25 mm (small), 25-50 mm (medium), or >50 mm (large).  

Mobility was low, medium or high for both groups based on their flight capabilities and 

migratory patterns.  Butterfly habitat affinity was categorized into three groups: species with 

a known association with forest edges, no recorded association with forest edges, and wetland 

species.  Association with forest edges could play an important role in these ENs.  The same 

was not done for grasshoppers as these data have never been recorded, and because, although 

there are species with an affinity for edge habitat, we do not expect any grasshopper species 

to respond positively to forest as they are grassland specialists (Armstrong and van 

Hensbergen 1996). 

 

4.2.4. Environmental variables 

Three groups of environmental variables were quantified (Table 4.2).  Vegetation variables 

were related to internal characteristics of the sites.  Grasshopper species composition 

responds more strongly to vegetation structure than to grass species composition (Gandar 

1982; Joern 2005; Hochkirch and Adorf 2007), and therefore only structural diversity of 

vegetation was surveyed.  Vegetation type was measured along ten, 5 m transects, placed at 

random throughout each site, internally to the 30 m edge (Bullock and Samways 2006).  

Ground cover was grouped into four categories: tall grasses (>30 cm), short grasses (<30 

cm), forbaceous vegetation (e.g. shrubs or herbaceous vegetation), or bare ground.  

Proportion of each vegetation category for all ten transects per site was calculated.  

Vegetation height was measured at thirty random points throughout the site. 

 Landscape variables related to the structure of the EN were calculated using ArcGIS 

9, digital maps and aerial photographs.  Management variables were calculated from surveys 

completed by managers of each of the MUs.  Data were verified with other forest personnel 

and personal observation to standardize answers given by different managers.  Prescribed 

burning is a necessary management practice within these grasslands, as they naturally 

succeed to indigenous forest.  Most EN sites are slotted for annual or biennial burning, with 

biennial burns considered optimal from a conservation perspective (Lipsey and Hockey 

2010), but managers did not always strictly adhere to this schedule for a variety of logistical 

reasons.   
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4.2.5. Statistical analysis 

In order to standardize between different organisms, sampling methods and sampling efforts, 

we compared total species richness per site.  Species accumulation curves were plotted for 

grasshoppers and butterflies using EstimateS and 50 repetitions (Colwell 2009).  Typically 

for many field studies (Schulze et al. 2004), these curves did not reach an asymptote, and 

therefore we employed the Chao2 species richness estimator (Colwell and Coddington 1994; 

Chao 2005).  This estimator derives the minimum estimate of richness, is appropriate for 

incidence data, and performs well in many situations, including when the estimator itself has 

not reached an asymptote, as was the case for butterflies in this study (Colwell and 

Coddington 1994; Longino et al. 2002; Magurran 2004).   

 Differences in grasshopper and butterfly assemblages among regions, MUs, site types 

and sites were assessed as follows:  when species richness’ of both taxa were taken together, 

data were normally-distributed and factorial ANOVA in Statistica 9 (StatSoft 2009) 

determined significant differences in species richness among taxa and levels.  When species 

richness’ of the two taxa were compared separately, data were non-normally distributed and 

Kruskal-Wallis tests were used to compare differences within taxa.  Whittaker’s measure 

(βW) was used to assess β diversity of raw incidence data.  This measure was chosen because 

it consistently performed better than other β diversity measures (Wilson and Shmida 1984; 

Magurran 2004).  Its values range from 0 (no turnover) to 1 (each sample has a unique set of 

species) (Magurran 2004) and it was calculated by hand and plotted in Excel 2007.   

 We compared two square matrices using a Mantel’s test in the ade4 package in R 

(Dray and Dufour 2007): (1) pairwise β diversity among each pair of sites, with (2) 

geographical (Euclidean) distance between each pair of sites.  Raw species richness of each 

reference site was also compared with that of its associated sites only using a Mann-Whitney 

U test in Statistica 9.  Box and whisker plots were prepared using values from Statistica 9 

imported into Excel 2007.  Species richness of individual guilds in reference sites vs. non-

reference sites was compared using a Kruskal-Wallis test in Statistica 9, as well.   

 Estimated species richness and observed species richness were found to be highly, 

significantly correlated.  So grasshopper and butterfly raw and guild-level species richness’ 

and environmental variables were correlated using Spearman’s correlation for non-parametric 

data in Statistica 9.  Finally, linear regressions were plotted in SAS Enterprise Guide 4 (SAS 

Institute 2006) to determine whether guilds with higher species richness were more likely to 

produce statistically significant Spearman’s correlations.   
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4.3. Results 

4.3.1. Descriptive data 

Overall, 61 species of grasshoppers and 55 species of butterflies were collected (Table 4.1).  

Neither group reached an asymptote overall or within any individual MU.  Grasshopper 

sampling was more complete than that for butterflies (78% completeness vs. 49% 

completeness overall).  Within the four MUs, grasshopper completeness ranged from 80% to 

96%, while butterfly completeness ranged from 36% to 78%.  The Chao2 estimate was 

significantly, positively correlated with raw species richness for both groups (grasshoppers: 

R2 = 0.53; p < 0.0001; butterflies: R2 = 0.58; p < 0.0001). 

 The Midlands region had significantly higher species richness of grasshoppers and 

butterflies than Zululand (grasshoppers: H = 10.81, p = 0.001; butterflies: H = 6.26, p = 

0.012).  The four MUs were also significantly different from each other with the highest 

species richness in the Midlands MU (MU-4) (grasshoppers: H = 12.17, p = 0.007; 

butterflies: H = 14.12, p = 0.003).  The site types did not have significantly different species 

richness’ (grasshoppers: H
 
= 2.37, p = 0.307; butterflies: H

 
= 2.14, p = 0.343) (Fig. 4.2).  This 

was also true when species richness of each reference site was compared with its associated 

sites only (grasshoppers: UMU1 = -0.15, p = 0.880; UMU2,3 = 0.76, p = 0.450; UMU4 = 1.22, p = 

0.224; butterflies: UMU1 = 1.20, p = 0.229; UMU2,3 = -0.47, p = 0.640; UMU4 = 0.17, p = 0.860).   

 However, there were significant differences between reference sites and all other 

sites, when comparing individual guilds.  Graminivorous grasshoppers and those with 

intermediate mobility were more speciose in reference sites (H = 4.55, p = 0.033; H = 4.76, p 

= 0.029, respectively), while small grasshoppers were more speciose in non-reference sites 

(H = 4.11, p = 0.043).  Butterflies with widespread distribution, herbaceous dicot feeders, and 

those with no recorded association to forest edges were on average more speciose in 

reference sites (H = 3.96, p = 0.047; H = 4.31, p = 0.038, H = 9.60, p = 0.002, respectively), 

while shrub and tree-feeders were more speciose in non-reference sites (H = 4.83, p = 0.028) 

 Similarly, β diversity was greatest between regions (grasshoppers: βW = 0.74; 

butterflies: βW = 0.75) (Fig. 4.3).  Median turnover decreased from regions to MUs to site 

types, with grasshoppers and butterflies sharing similar values.  Among sites, median 

turnover was large (grasshoppers: βW = 0.67; butterflies: βW = 0.80) with a large variance 

among values.  Mantel’s tests showed that the matrix of β diversity values for each pair of 

sites was significantly correlated with the distance between the sites for both grasshoppers 

and butterflies (grasshoppers: Mantel’s r = 0.67, p = 0.001; butterflies: Mantel’s r = 0.38, p = 

0.001).   
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4.3.2. Correlations 

Grasshopper Chao2 estimated species richness was significantly correlated with butterfly 

Chao2 estimated species richness (r = 0.37, p = 0.035) (Table 4.3).  Conservation area within 

500 m surrounding the site was the only environmental variable significantly correlated with 

grasshopper and with butterfly total species richness (r = 0.36, p = 0.036; r = 0.37, p = 0.035, 

respectively).   

 Of the grasshopper guilds, those with localized distribution were significantly 

correlated with the greatest number of butterfly guilds (n = 6), and also with total butterfly 

estimated species richness (Table 4.3).  Medium-sized grasshoppers were correlated with 

richness of five butterfly guilds, while small-sized grasshoppers were significantly correlated 

with six of the environmental variables. Wetland-associated and intermediate mobility 

butterfly guilds were each significantly positively correlated with six grasshopper guilds as 

well as with total grasshopper species richness. 

 The proportion of short grasses at a site was correlated with the greatest number of 

insect guilds: three butterfly and four grasshopper guilds (Table 4.3, 4.4).  Conservation area 

within 500 m surrounding a site followed closely with six insect guilds, three butterfly and 

three grasshopper guilds.   Overall, there were nine significant correlations between 

grasshopper guilds and vegetation variables (n = 5), five landscape variables (n = 4), and five 

management variables (n = 3).  There were seven significant correlations between butterfly 

guilds and vegetation variables, seven with landscape variables and three with management 

variables.  All correlations between grasshoppers and butterflies were positive, while several 

environmental variables were negatively correlated with guilds.  Speciose guilds were not 

more likely to correlate significantly (grasshoppers: R
2
 = 0.03, p > 0.05; butterflies: R

2
 = 

0.09, p > 0.05). 

  

4.4. Discussion 

4.4.1. Response to ecological networks 

The similarity in species richness between the extensive, natural reference sites and the EN 

sites indicated how effective ENs were for maintaining the local species richness.  This was 

true when classifying sites by their structural type (reference, continuous or patchy) and when 

the richness of each reference site was contrasted with its associated sites only.   

 However, arguably more important than this are the species identities in the ENs.  

Natural reference sites had only a few unique species (Table 4.1).  Of the grasshoppers, only 
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three species of 61 were unique to reference sites, and butterflies had only one unique species 

to the reference sites.  In terms of compositional biodiversity and the finer guild scale, there 

were some small differences between reference and EN sites.   Three grasshopper guilds and 

four butterfly guilds had significantly different richness in reference vs. EN sites.  Of these, 

all but two were more speciose in the reference sites.  ENs may be beneficial to small 

grasshoppers because they are sufficiently expansive for these small insects to meet their 

home range requirements, while providing shelter from larger, predatory organisms which 

would utilize the small grasshoppers as a food source but whose home ranges necessitate 

larger areas than those provided by the ENs.   Additionally, shrub and tree-feeding butterflies 

would naturally prefer ENs which contain a greater diversity of their larval food plants than 

the reference sites which are managed optimally for grassland and are therefore devoid of 

shrubs and trees.  

 Nevertheless, overall ENs appeared to adequately conserve grasshoppers and 

butterflies.  These findings corroborate those of Bullock and Samways (2006) who found that 

insects are capable of utilizing fragmented grassland as long as their host plant subsists within 

the fragments.  Field (2002) found a slight decrease in some native pollinators within 

grassland fragments, but the remnant assemblage was probably sufficient to ensure the long-

term survival of native wildflowers, whose assemblage persisted on a smaller scale.  

Butterflies have previously been found to utilize grassland fragments preferentially 

depending on the level of disturbance within the fragment, the size of the fragment (or width 

if it is a corridor) and characteristics of the butterfly species (e.g. mobility and distribution) 

(Pryke and Samways 2001; Pryke and Samways 2003).  Our findings do not corroborate 

these as we would expect to see marked differences between reference and EN sites were this 

true.  Perhaps, species level analysis is necessary in order to detect these differences.   Other 

organisms may not utilize the ENs as successfully as grasshoppers and butterflies, for 

example grassland birds have reduced assemblages in ENs (Lipsey and Hockey 2010) with 

certain species requiring large, unfragmented grasslands similar to the reference sites, to 

thrive.   

 Our results also lend support to previous studies which have shown that species 

richness or other diversity – index based measures which do not take into account species 

composition, are insufficient for assessing habitat quality (e.g. McGeoch et al. 2002).  When 

we looked at species assemblage at a slightly finer scale of guild level, already differences 

became apparent between sites which were masked when assessing species richness alone.  
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4.4.2. Congruence 

There was a strong relationship between grasshopper and butterfly species richness in ENs in 

total, and also at guild level.  At guild level, there were numerous positive correlations, 

although similar guilds did not correlate with each other (for instance graminivores of 

grasshoppers and butterflies did not correlate), with the exception of intermediate and high 

mobility grasshoppers and butterflies, which did correlate.  Similarly to Zografou et al. 

(2009), our study found no negative correlations between the two taxa. 

 Representative value of environmental variables as measured in this study was 

minimal in comparison to that of the taxa themselves.  In most cases, those guilds with a 

large number of correlations to environmental variables were not the same guilds with 

significant correlations to guilds of the other taxon (with the exception of wetland-associated 

butterflies which correlated with numerous grasshopper guilds and with environmental 

variables).  This illustrates that, as expected, species richness of grasshoppers and butterflies 

reflects a complicated response to numerous variables, not all of which can be detected or 

measured with confidence.   

 Environmental variables can be quantified by managers and forest personnel as they 

were in this study, but here we see that no single variable can provide adequate information 

regarding the status of the resident species.  Species composition of insects in ENs reflects a 

complex response to variables beyond our immediate comprehension.  The positive 

correlation of overall species richness for grasshoppers and butterflies with area of natural 

habitat in the vicinity, indicates the importance of connectivity of EN sites for insects.  

However, beyond this, in order to assess the state of biotic assemblages within ENs, no 

environmental measure gives as complete a picture as collections of the insects themselves, 

as different species and groups with different traits respond differently to ongoing processes 

within ENs.   

 In conclusion, grasshopper bioindicators provide information on the status of biotic 

communities within ENs.  Their response to ENs is representative of that of butterflies.  No 

environmental variable of the ENs can adequately replace information obtained by 

monitoring of grasshopper bioindicators.  Environmental variables should be measured 

complementarily to the grasshopper bioindicator as the two provide different important 

information for management of ENs. 
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Category Variable Code Description

Vegetation Bare ground Proportion of bare ground at site

Forbs Proportion of forbaceous vegetation at site (e.g. shrubs or 

herbaceous vegetation)
Tall grasses Proportion of tall grasses at site (>30 cm)

Short grasses Proportion of short grasses at site (<30 cm)

MeanVeg Mean height of vegetation (cm)

Landscape Isolation Area of grassland (conservation areas or utilities) within 500 m 

surrounding site (m
2
)

Distance to reference Distance from center of site quadrat to center of reference site 

quadrat (m)
Shape Index Shape Index = P/(200*[(πTA)

0.5
]) (Laurance and Yensen 1991)

P = perimeter TA = total area 

Area Total area of site (ha)

Management Restor5 Status of site five years prior to sampling (two levels: grassland or 

commercial)
Restor10 Status of site ten years prior to sampling (two levels: grassland or 

commercial)
Last burn Date of last burn (3 levels: 1, 2 or ≥ 3 years prior to sampling)

Table 4.2. Description of environmental variables.
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Localized Regional Widespread

Gramin-

ivorous

Herb 

dicot

Shrubs 

and trees

n=11 n=32 n=12 n=8 n=30 n=15 n=8

Grasshoppers 0.367
a

0.492
b

0.377
a

0.375
a

Dis tribution Local dis tribution 0.346
a

0.535
c

0.429a

Regional dis tribution

Widespread 0.365
a

Trophic Graminivorous 0.402
a

0.552c

Mixed-feeder 0.372
a

0.422a

Forb feeder

Size Small

Medium 0.399
a

0.367a

Large 0.412a

Mobility Low mobility

Medium mobility 0.385
a

High mobility

Bare ground

Forbs

Tall grasses

Short grasses 0.358
a

MeanVeg

Isolation 0.367
a

0.507
b

0.438b

Distance to reference 0.353
a

Shape index

Area

Last burn

Restor5

Restor10

All

Dis tribution Trophic

Table 4.3. Spearman's  correlations  of grasshopper guilds  and environmental variables  with butterfly guilds  (only 

s ignificant results  shown.)

Butterfly guilds

b
p ≤ 0.01 level.

c
p ≤ 0.005 level.

d
Landscape variable codes  found in Table 4.2.

Grasshopper 

guilds

Environmental 

variables
d

a
p ≤ 0.05 level.
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Small Medium Large Low Medium High 

Forest 

edges

No forest 

edges Wetlands

n=32 n=32 n=15 n=25 n=12 n=18 n=31 n=18 n=6

Grasshoppers 0.469
c

0.508
c

0.585
c

Distribution Local distribution 0.383
a

0.363
a

0.585
c

0.606
c

Regional distribution

Widespread

Trophic Graminivorous 0.507
c

0.375
a

Mixed-feeder 0.407
a

0.554
c

Forb feeder 0.389
a

Size Small 0.555
c

Medium 0.525
c

0.419
a

0.406
a

Large 0.340
a

0.532
c

Mobility Low mobility

Medium mobility 0.427
a

0.556
c

High mobility 0.387
a

0.461
b

Bare ground

Forbs 0.370
a

Tall grasses -0.392
a

-0.417
a

Short grasses 0.351
a

0.476
b

MeanVeg 0.352
a

Isolation 0.677
c

Distance to reference -0.357
a

Shape index 0.433
a

Area

Last burn -0.351
a

Restor5

Restor10 -0.344
a

-0.410
a

Table 4.3. (continued)

Grasshopper 

guilds

Environmental 

variables
d

Butterfly guilds

Size Mobility Habitat
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Figure 4.1. Map of study area in KwaZulu-Natal Province, South Africa, with inlay of two 

geographical regions (Midlands and Zululand) and four sampled management units 

(numbered 1-4).  Enlarged image of management unit 1 (Kwambonambi) provided for 

greater detail. 
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Figure 4.2. Results of factorial ANOVA of differences among regions (a), among site types 

(b), and among management units (c).  Letters indicate significant differences and bars 

indicate 95% confidence intervals. 
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Figure 4.3. Comparison of β diversity among regions, plantations, site types and sites. 

Horizontal bar indicates median value, top and bottom of box indicate 1st and 3rd quartiles 

respectively, and vertical bars indicate minimum and maximum values.  Grey shaded boxes, 

and horizontal bar with “x” indicate grasshopper scores.  White boxes and horizontal bar with 

no “x” indicate butterfly scores.   
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Taxon Species Distribution
a

Trophic
b

Size
c

Mobility
d

Pyrgomorphidae Atractomorpha acutipennis gerstaeckeri 3 3 1 1

Chrotogonus hemipterus 3 3 1 1

Maura rubroornata 3 3 3 1

Taphronota calliparea 3 2 3 1

Lentulidae Basutacris minuta 1 3 1 1

Dirshia abbreviata 1 3 1 1

Eremidium basuto 1 3 1 1

Lentula obtusifrons 1 3 1 1

Paralentula marcida 3 1 2 1

Qachasia fastigiata 1 3 1 1

Sygrus rehni 1 3 1 1

Acrididae

Coptacridinae Eucoptacra turneri 1 3 1 2

Catantopinae Anthermus granosus 2 2 2 2

Catantops australis 2 2 2 2

Catantops ochthephilus 3 2 2 2

Eupropacris fumida 3 2 2 2

Vitticatantops maculata 3 2 2 2

Euryphyminae Calliptamicus semiroseus 3 1 1 2

Eyprepocnemidinae Cataloipus sp.1 2 3 3

Eyprepocnemis calceata 3 2 1 2

Heteracris drakensbergensis 1 2 2 2

Heteracris  sp.1 2 2 2

Heteracris sp.2 2 2 2

Tylotropidius didymus 3 2 2 3

Oxyinae Oxya glabra 1 1 2 1

Tropidopolinae Petamella prosternalis 3 1 3 1

Tristria discoidalis 2 1 1 2

Spathosterninae Spathosternum nigrotaeniatum 3 1 1 2

Acridinae Acrida spp. 3 1 2 2

Cannula gracilis 3 1 2 1

Coryphosima stenoptera stenoptera 3 1 1 2

Machaeridia conspersa 2 1 2 2

Odontomelus sp.1 1 1 2 1

Odontomelus zulu 1 1 2 1

Orthochtha sp.1 1 2 2

Orthochtha sp.2 1 2 2

Orthochtha sp.3 1 2 2

Orthochtha sp.4 1 2 2

Orthochtha  sp.6 1 2 2

Parga xanthoptera 3 1 1 2

Appendix 4.1. Table of four life history traits for 61 grasshopper species.
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Taxon Species Distribution
a

Trophic
b

Size
c

Mobility
d

Oedipodinae Acrotylus junodi junodi 3 1 1 3

Aiolopus meruensis 3 1 1 3

Gastrimargus africanus africanus 3 1 3 3

Gastrimargus crassicollis 3 1 3 3

Gastrimargus drakensbergensis 1 1 3 3

Heteropternis couloniana 3 2 2 2

Heteropternis guttifera 2 2 2 2

Humbe tenuicornis 3 1 2 3

Morphacris fasciata 3 1 2 3

Oedaleus carvalhoi 3 1 1 3

Paracinema tricolor tricolor 1 3 1 3

Scintharista rosacea 3 1 2 3

Trilophidia conturbata 3 2 1 3

Gomphocerinae Anablepia pilosa 2 1 1 2

Brachycrotaphus tryxalicerus 3 1 2 1

Crucinotacris cruciata 3 1 1 2

Diablepia viridis 2 1 1 2

Faureia milanjica 3 1 1 2

Mesopsis abbreviatus 3 1 3 1

Pnorisa sp.2 3 1 1 2

Pnorisa sp.3 3 1 1 2

a
Abbreviations: 1, localized; 2, regional; 3, widespread; no number means unknown distribution

b
Abbreviations: 1, graminivorous; 2,mixed-feeder; 3, forb-feeder

c
Abbreviations: 1, small ; 2, medium; 3, large 

d
Abbreviations: 1, low; 2, medium; 3, high

Appendix 4.1. (continued)
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Family Subfamily Species Distribution
a

Trophic
b

Size
c

Mobility
d

Habitat
e

Nymphalidae Danainae Danaus chrysippus 3 2 3 1 1

Amauris albimaculata albimaculata 1 2 3 1 1

Amauris ochlea ochlea 1 2 3 2 1

Satyrinae Aeropetes tulbaghia 2 1 3 3 3

Cassionympha cassius 2 1 2 1 1

Pseudonympha  magoides 2 1 2 3 2

Pseudonympha  varii 1 1 2 1 3

Ypthima asterope 3 1 2 1 2

Heliconiinae Acraea horta 2 3 2 1 1

Acraea natalica 2 3 3 1 1

Acraea neobule neobule 3 3 3 1 2

Acraea oncaea 2 3 2 1 1

Hyalites rahira rahira 2 2 2 1 1

Hyalites eponina 2 3 2 1 1

Hyalites encedon encedon 2 2 2 1 3

Biblidinae Sevenia boisvudali boisvudali 1 2 2 1 1

Byblia anvatara acheloia 2 2 2 3 2

Byblia ilithyia 2 2 2 3 2

Nymphalinae Hypolimnas  misippus 3 2 3 3 1

Catacroptera cloanthe cloanthe 2 2 3 2 3

Precis octavia sesamus 2 2 3 2 1

Junonia oenone oenone 2 3 2 3 1

Junonia orithya madagascariensis 2 2 2 2 2

Vanessa cardui 3 2 2 3 1

Lycaenidae Miletinae Lachnocnema bibulus 2 4 1 1 1

Lycaeninae Cigaritis natalensis 2 3 2 3 2

Lycaena clarki 2 2 2 3 3

Anthene  amarah amarah 2 3 1 2 2

Cacyreus marshalli 2 2 1 1 3

Leptotes brevidentatus 2 2 2 1 1

Lampides boeticus 3 2 2 2 1

Euchrysops barkeri 1 2 2 1 2

Euchrysops malathana 2 2 2 1 2

Cupidopsis cissus cissus 2 2 2 2 2

Cupidopsis jobates jobates 2 2 2 2 2

Actizera lucida 2 2 1 1 2

Zizina antanossa 1 2 1 1 1

Azanus jesous jesous 3 3 1 3 2

Chilades trochylus 3 2 1 1 1

Zizula  hylax 2 2 1 1 1

Appendix 4.2. Table of five life history traits for 55 butterfly species. 
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Family Subfamily Species Distribution
a

Trophic
b

Size
c

Mobility
d

Habitat
e

Pieridae Pierinae Belenois creona severina 2 3 2 3 1

Mylothris rueppellii haemus 2 3 3 1 1

Coliadinae Catopsilia florella 3 2 3 3 1

Eurema brigitta brigitta 3 2 2 1 2

Eurema hecabe solifera 1 2 2 2 2

Papilionidae Papilioninae Papilio demodocus demodocus 3 3 3 2 1

Papilio euphranor 1 3 3 3 1

Papilio nireus lyaeus 2 2 3 3 1

Graphium angolanus angolanus 2 3 3 3 2

Hesperiidae Coeliadinae Coeliades libeon 1 3 2 3 2

Pyrginae Spialia diomus ferax 3 2 2 3 1

Hesperiinae Kedestes callicles 2 1 2 2 1

Kedestes wallengrenii wallengrenii 1 1 2 3 1

Borbo detecta 1 1 2 2 1

Gegenes niso niso 2 1 2 1 1

Appendix 4.2. (continued)

a
Abbreviations: 1, localized; 2, regional; 3, widespread

b
Larval food abbreviations: 1, grasses; 2,herbaceous dicots; 3, shrubs or trees; 4, insects

c
Abbreviations: 1, small (<25 mm); 2, medium (25-50 mm); 3, large (>50 mm)

d
Abbreviations: 1, low; 2, medium; 3, high

e
Abbreviations: 1, forest edges; 2, no association with forest edges; 3,wetland and other
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Chapter 5 

Identifying grasshopper bioindicators for habitat quality assessment of 

ecological networks   

 

Ecological networks (ENs) are interconnecting landscape-scale remnants or restored 

natural habitat for mitigation of habitat loss and fragmentation.  Habitat quality is not 

easily directly assessed within these complex systems, necessitating the identification 

of indicator species.  This can be done using the IndVal technique, which identifies 

ecological indicators based on a site typology (e.g. habitat type or disturbance state).  

We used the extensive South African ENs of natural grassland within an exotic timber 

plantation matrix as a model system.  Grasshoppers were used as potential indicators, 

as they are sensitive to habitat characteristics of ENs.  Multivariate ordination 

techniques, cluster analyses and IndVal analyses were used to arrive at a site typology 

with associated indicator species.  We retroactively associated these site types to their 

distinguishing variables.  Eleven of 24 grasshopper species were effective indicators 

of characteristics of ENs, particularly grass height, number of years since last burn, 

bare ground and EN context.  With the inclusion of more variables, site separation 

became more complete.  Validating the selected indicator species on an independent 

dataset, three species were identified as indicative of high-quality habitat.  We 

conclude that, while grasshoppers are sensitive indicators of habitat quality in ENs, 

small datasets are insufficient to detect these changes.  Furthermore, grasshopper 

collection as an assessment technique of ENs may only be practicable as long as the 

bioindication system is developed from a large enough dataset as determined by 

species accumulation curves. 



CHAPTER 5: BIOINDICATOR 123 

 

 

 

5.1. Introduction 

Increasing fragmentation, loss of habitat, and the impending irrevocable change of 

ecosystems world-wide, have necessitated mitigation measures to slow the effects of these 

processes, particularly in agricultural landscapes (Kleijn and Sutherland 2003; van Buskirk 

and Willi 2004).  Ecological networks (ENs) are a mitigation measure designed and managed 

to allow resident fauna to navigate the landscape, and to supply suitable habitat for 

persistence within the production landscape (Jongman and Pungetti 2004; Samways 2007).  

These are extensive areas of natural habitat which wind through altered landscapes as isolated 

patches (equivalent to “stepping stone” corridors (Abensperg-Traun and Smith 1999; 

Tscharntke et al. 2002)) or intact corridors and nodes (Forman 1995).  The efficacy of ENs 

for mitigation of biodiversity loss has recently been called into question, both generally, as 

there is a lack of empirical evidence supporting their implementation (Boitani et al. 2007), 

and specifically by landscape managers who are willing but ignorant of a means by which to 

best maintain habitat quality within their ENs, once in place.   

 The South African timber industry manages 1.6 million ha of land (1.1% of the land 

surface), much of which falls within the country’s severely threatened grassland biome (Neke 

and du Plessis 2004) and is cultivated with exclusively exotic trees to the region (mostly 

Pinus spp. and Eucalyptus spp.) (2009).  However, about one third of this land is left 

permanently unplanted (Jackleman et al. 2006) and these extensive remnants form complex 

ENs running throughout the timber matrix (Fig. 5.1).  These ENs primarily aim at conserving 

biodiversity and ecosystem services on the assumption that they consist of high quality 

habitat and reflect the original natural condition of the landscape (Samways et al. 2010).   

 The quality of habitat within sections of the EN requires an assessment method, 

preferably utilizing resident biota instead of diversity-based measures, for maximal 

sensitivity (McGeoch et al. 2002).  This assessment method must be robust to and take into 

account the direct impact of management practices on resident biological communities, as 

well as processes associated with fragmentation such as edge effects and increased invasion 

by alien species (Harrison and Bruna 1999).   

 Ecological indicators are a recommended tool for continuous or once-off assessment 

to demonstrate “the effect of environmental change (such as habitat alteration, fragmentation 

and climate change) on biota or biotic systems” (McGeoch 2007).  An effective ecological 

indicator should meet a number of criteria including sensitive and quantifiable response to 
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changes in the environment, and feasibility parameters such as abundance in the habitat, ease 

of capture and taxonomic stability (Pearson 1994; Fleishman and Murphy 2009).  Terrestrial 

invertebrates have been suggested as effective indicators for many habitats and regions 

(Kremen et al. 1993; McGeoch 1998; McGeoch 2007; Fleishman and Murphy 2009).  In 

regions where they are abundant, grasshoppers may be particularly effective as they meet 

many of the criteria (Báldi and Kisbenedek 1997; Kati et al. 2004; Sauberer et al. 2004; Steck 

et al. 2007).  They respond strongly to management practices such as grazing intensity 

(Jauregui et al. 2008; Joern 2005; Batáry et al. 2007), fire frequency (Joern 2004; Hochkirch 

and Adorf 2007), and mowing regime (Marini et al. 2008; Gardiner and Hassall 2009).  

Grasshoppers in the grassland regions of South Africa where ENs are located, have shown 

strong responses to all of these factors (Rivers-Moore and Samways 1996; Samways and 

Kreuzinger 2001; Gebeyehu and Samways 2003), and their choice as study organisms for this 

study was made on the basis of these earlier results.   

 We employ here Dufrêne and Legendre’s (1997) IndVal method to identify a suite of 

grasshopper species which can be used for assessment of habitat quality within South 

Africa’s ENs.  IndVal is an asymmetrical approach which combines a species’ relative 

abundance with its relative frequency of occurrence to assign it an indicator value (IndVal) at 

each level of a site typology (Dufrêne and Legendre 1997) .  Previous studies have used this 

approach to identify indicators for macro-scale differences between sites such as habitat type 

(Dufrêne and Legendre 1997; McGeoch et al. 2002) or disturbance level (Pöyry et al. 2005) 

over large geographical areas and large datasets.  To develop an adaptive assessment 

technique for ENs, we require a suite of species which can indicate relatively subtle 

differences in management and landscape context.  It is also important that the indicators be 

effective at small sample sizes, in order to be applied by managers who cannot be expected to 

expend great time and effort in insect collection.  

 Here we isolate and validate a suite of grasshopper ecological indicator species for 

ENs and draw conclusions regarding: (1) the ability of grasshopper ecological indicators to 

indicate habitat quality within ENs; and (2) the ability of IndVal to identify indicators of fine-

scale differences with relatively small datasets. 
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5.2. Methods 

5.2.1. Study area 

The study region consisted of three management units of exotic timber plantations in 

KwaZulu-Natal Province, South Africa (28˚15’S 32˚20’E) (Fig. 5.1).   Twenty-five study 

sites of natural grassland within the ENs and two adjacent reference sites were chosen for this 

study.  All sites consisted of Maputaland Wooded Grassland or Maputaland Coastal Belt 

vegetation types (Mucina and Rutherford 2006), but this difference had no significant effect 

on the grasshopper assemblage.  Reference sites differed from the other sites in their larger 

size, more pristine vegetation (which was not measured here but determined a priori from 

vegetation surveys provided by Mondi) and lack of isolation within the timber matrix.  

Reference sites were incorporated into nature reserves and managed as such, while EN sites 

were deliberately left unplanted by the forestry company, Mondi, in accordance with 

regulations instated by South Africa’s Department of Water Affairs and Forestry (DWAF).   

EN sites were embedded within exotic timber plantations of Eucalyptus spp., and differed 

subtly in their size, shape, isolation within the timber plantations, management history and 

regime.  The closest distance between two sites was 500 m and the farthest was 60 km.   

  

5.2.2. Grasshopper sampling 

Grasshoppers were sampled during March 2007 and March-April 2008, as this is the peak 

season of grasshopper abundance and maturity in the region (Kinvig 2006).  Sampling took 

place between 09:00 and 17:00 on sunny days with low cloud cover, with alternating morning 

and afternoon sampling to avoid sampling bias.  There were no significant differences in 

species richness among the times of day (AM vs. PM) (Kruskal-Wallis test in SAS Enterprise 

Guide 4.1: grasshoppers: χ2 = 1.77, p > 0.05). 

 One large quadrat of 50 m x 50 m was delineated in the center of each grassland site, 

10 m internally to the edge of the site to minimize the influence of edge effects (Chambers 

and Samways 1998).  Two collectors walked through the quadrat, for half an hour each time, 

flushing grasshoppers and capturing them with an insect net.  Sweep netting was employed at 

a ratio of 1:7 in order to account for a minority of sedentary species. Quadrats were sampled 

twice during the 2007 sampling period and four times during the 2008 sampling period.  The 

more complete 2008 data is analyzed to find the indicator species, while the 2007, smaller 

dataset, is used for validation only.  The two sampling periods were analyzed separately, not 
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congruently, and tests were run on both time periods to determine sampling adequacy (see 

statistical analysis below).   

 Timed quadrat surveys are an appropriate method of grasshopper collection in areas 

with low grasshopper density and a short grass sward (Gardiner et al. 2005).  A large quadrat 

was preferable as many of the resident species are strong fliers and easily fly out of the 

boundaries of a smaller quadrat.  50 m x 50 m was the maximum quadrat size possible to 

sample in all sites.  Quadrats represent on average 15% of each site (range 0.01%-83%) 

(internal to 30 m edge) of sites.  All adult grasshoppers captured were retained and later 

identified by CSB with the help of all relevant literature including Dirsh (1965), Eades and 

Otte (2009), Johnsen (1984; 1991).    

 

5.2.3. Environmental variables  

Three groups of environmental variables were quantified (Appendix 5.1).  Vegetation 

variables were related to internal characteristics of the sites.  Grasshopper species 

composition responds more strongly to vegetation structure than to grass species composition 

(Jauregui et al. 2008; Gandar 1982; Hochkirch and Adorf 2007), and therefore only structural 

diversity of vegetation was surveyed.  Vegetation type was measured along ten, 5 m 

transects, placed at random throughout each site, internally to the 30 m edge (Bullock and 

Samways 2006).  Ground cover was grouped into four categories: tall grasses (>30 cm), short 

grasses (<30 cm), forbaceous vegetation (e.g. shrubs or herbaceous vegetation), or bare 

ground.  Proportion of each vegetation category for all ten transects per site was calculated.  

Vegetation height was measured at thirty random points throughout the site. 

 Landscape variables related to the structure of the EN were calculated using ArcGIS 

9, digital maps and aerial photographs.  These included size, shape (Laurance and Yensen 

1991), context (area of indigenous forest surrounding a site), isolation (area of grassland 

surrounding a site) and distance from a reference site.  Indigenous forest and surrounding 

grassland were measured at five radii: 50, 150, 300, 500 and 1000 m.  The radius with the 

strongest correlation to species variables was selected for inclusion in the study – 500 m for 

surrounding indigenous forest (IF-500) and grassland (CA-500).  This was also found to be a 

suitable distance in another study of grasshopper ecology (Marini et al. 2008).   

 Management variables were calculated from surveys completed by timber plantation 

managers.  Data were verified with other forest personnel and personal observation to 
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standardize answers given by different managers.  These variables included: number of years 

since the site was last burnt, grazing intensity and restoration status (i.e. whether the site was 

grassland or under commercial timber five and ten years prior to sampling).  Prescribed 

burning is a necessary management practice within these grasslands, as they naturally 

succeed to indigenous forest.  EN sites were generally burned on an annual or biennial basis, 

with biennial burns considered optimal from a conservation perspective (Lipsey and Hockey 

2010).   

 

5.2.4. Statistical analysis 

5.2.4.1. Descriptive data 

To test whether sampling was adequate, we plotted species accumulation curves per site 

using 50 repetitions and calculated Jackknife 1 estimated species richness in EstimateS 

(Colwell 2009).   This estimator has been shown to perform well in a variety of situations 

(Colwell and Coddington 1994; Smith and Wilson 1996; Magurran 2004).  Rank abundance 

curves were plotted in Excel to demonstrate species dominance (Magurran 2004).  Values of 

estimated and observed species richness were compared using chi-squared tests in Statistica 9 

(StatSoft 2009).  As another measure of sampling adequacy, we correlated the number of 

singlets (species represented by one individual only) found at a site with total grasshopper 

abundance at the site and with the estimated and observed species richnesses.  Inadequately 

sampled sites were likely to have many singlets.  In contrast, adequately sampled sites would 

have fewer singlets, and would not be an artifact of insufficient sampling, but a realistic 

reflection of that species’ relative abundance.  We also subtracted the observed species 

richness from the estimated (as a measure of divergence from the expected species richness) 

and correlated this value with the abundance of grasshoppers at a site.  If sites were sampled 

inadequately, we would expect to find that the lower the abundance, the greater the difference 

between estimated and observed species richness.  Spearman’s correlations (for non-normally 

distributed data) and linear regressions were calculated in Statistica 9. 

We calculated β diversity among each pair of sites using Whittaker’s measure (βW) as 

this is considered best for a variety of situations (Wilson and Shmida 1984; Magurran 2004).  

We correlated a matrix of β diversity between each pair of sites with a matrix of Euclidean 

distance using Mantel’s test in the ade4 package in R (Dray and Dufour 2007). An additional 

Mantel’s test determined the presence of spatial autocorrelation by comparing a matrix of 
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Euclidean geographical distances between sites with a matrix of log(x+1) transformed 

Euclidean distances between species assemblages among sites. The null hypothesis of a 

Mantel’s test is no correlation between the two symmetrical matrices.  We also plotted a 

linear regression of these values in Statistica 9.   

As a prerequisite to comparing assemblage differences between sites, we first 

established that there were indeed quantitative differences in assemblages between sites by 

performing an analysis of similarities (ANOSIM) test in Primer 5 (Clarke and Warwick 

2001).  This is a multivariate, non-parametric test which compares differences in assemblages 

between sites and within sites using a matrix of Bray-Curtis similarity converted into a rank 

similarity matrix and permuted 999 times.  The null hypothesis of ANOSIM is no difference 

between sites (difference between sites is equal to difference within sites).   

 

5.2.4.2. Site typology – ordination and cluster analyses 

 The first step in identifying indicator species is to develop a site typology by dividing sites 

into groups based on the characteristics to be indicated (Dufrêne and Legendre 1997).  This 

can be done either by way of an a priori classification such as habitat type (McGeoch et al. 

2002) or by using a hierarchical or non-hierarchical clustering method.  Determining the site 

typology to which indicator species responded, was the most difficult part of the present 

analysis, since so many factors were at play in ENs and it was not immediately clear to what 

variables grasshoppers were responding.  We employed a retroactive technique to arrive at a 

site typology, by doing the following: 1) ordinations determined which EN variables were 

most influential on the grasshopper assemblage; 2) a series of cluster analyses of sites based 

on their environmental variables identified clusters of sites; 3) IndVal identified indicator 

species of certain site clusters; and 4) site clusters which were consistently, strongly and 

significantly indicated were analyzed to determine the cause of their clustering (Fig. 5.2). 

 

5.2.4.2.1. Step 1: Ordination 

Principle coordinates analysis (PCoA) is a multivariate analysis technique which calculates a 

series of ordination axes which best fit a triangular similarity matrix based on species 

assemblages.  This method is less sensitive to outliers than ordination methods calculated 

directly from species data, such as correspondence analysis (Dufrêne and Legendre 1997) and 

can be performed on a matrix utilizing any similarity (or dissimilarity) measure.  For this 
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analysis, we excluded all species represented by fewer than three individuals and those which 

occurred in only one site.  We then calculated a Bray-Curtis similarity matrix on square-root 

transformed species data (Dufrêne and Legendre 1997; Legendre and Legendre 1998).  PCoA 

was run in PrCoord 1.0 in the CANOCO package, and then plotted in CanoDraw by inputting 

the results file as species data into CANOCO and running a PCA on this data (Lepš and 

Šmilauer 2003).  One management unit was differentiated from the others, as a result of 

geographic distance or altered management practices.  In order to eliminate the effect of 

management unit on the analyses, this was used as a covariable to partial out its effect from 

that of the environmental variables in all ordinations.   

 We performed canonical correspondence analysis (CCA) on square root-transformed 

species data in CANOCO, using management unit as a covariable and significance of the first 

and all axes was tested with 499 permutations (Lepš and Šmilauer 2003).  Subsequent CCAs 

tested the relative contribution of environmental variables using automatic forward selection.  

A best subset of variables was chosen which best explained the variability in the species data.   

 

5.2.4.2.2. Step 2: cluster analysis 

Using the best subset of variables found in the CCA, cluster analyses were run in Primer 5 

(Clarke and Warwick 2001) to create a hierarchical dendrogram of sites by their 

environmental variables.  Environmental variables were standardized by hand in Excel and 

Gower’s general coefficient of similarity was applied to dummy variables to standardize the 

variance to that of the other variables (Blanchet et al. 2008).  Euclidean distances of the 

standardized variables were calculated and a cluster analysis using the complete-linkage 

method was performed in Primer 5 (Clarke and Warwick 2001). 

 For selection of best site typology with the clearest causal differentiation of sites from 

the resultant cluster analyses, we ran multiple cluster analyses and sequentially altered two of 

three factors while the other one was held constant: the number of environmental variables 

included, the cutoff point on the cluster analysis, and the number of clusters (Fig. 5.2).  As 

there were only 19 sites (and two reference sites), it was important to limit the number of 

clusters since those which contained only one site were not informative.   

 Method 1 is an example of a typical hierarchical site typology (Dufrêne and Legendre 

1997).  For this analysis we performed one cluster analysis using all four environmental 

variables.  Thirteen levels of site clustering were identified by starting at the top of the 
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dendrogram where all sites were included in one cluster, and sequentially moving down the 

dendrogram to include each successive node and increase the number of clusters by one at 

each level.  

 For methods 2 and 3, the number of environmental variables increased sequentially 

while one of the other two variables was held constant and one was altered.  In order to 

determine the order of inclusion of the variables, we performed CCAs on all possible 

combinations of the four variables (N=15) and selected the combination of variables which 

explained the greatest amount of variance at each level (e.g. 1 variable, 2 variables, etc.).  The 

order of inclusion was: year since last burn, proportion of short grasses, proportion of bare 

ground and area of indigenous forest surrounding the site.  The site clusters resulting from 

each cluster analysis were overlaid onto the PCoA in CanoDraw to determine whether 

separation of site clusters by environmental variables corresponded with site clusters by 

species assemblage.  In method 4, we chose the best analysis from each of the previous three 

methods, as determined by the largest gap between nodes, as is typically done in cluster 

analyses to select the cutoff point (Clarke and Warwick 2001). 

 

5.2.4.2.3. Step 3: IndVal 

Finally, the IndVal method was employed as described in Dufrêne and Legendre (1997) using 

the program provided by them (Dufrêne 2010).  An indicator value (IndVal) was calculated 

for each species i in each group j according to Dufrêne and Legendre (1997) using the 

following formula: 

IndValij = Aij • Bij •100 

where IndValij = indicator value for species i in group j. Aij  = relative abundance of species i 

in group j and Bij = relative frequency of species i in group j.  The indicator value of a 

particular species i is taken as the maximum value observed for that species over all groups j 

of the typology.  Significance was tested by running 999 permutations with random 

reallocation of sites among site groups.   

 

5.2.4.2.4. Step 4: Determining causal relationships of site clusters  

Species and site clusters which had significant IndVal values greater than 25% and which 

appeared two or more times in analysis (to eliminate coincidental results) were analyzed 

further to relate site typologies with their underlying causes.  ANOVA (for proportion of 
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short grasses), Mann-Whitney U tests (for proportion of bare ground and area of indigenous 

forest within 500 m surrounding a site) and maximum likelihood chi-square tests (for years 

since last burn) in Statistica 9, were used to determine whether there were significant 

differences between the sites included in each of the eight clusters and those excluded.   

 

5.2.4.3. Validation 

We compared the values for all environmental variables of 2007 with those of 2008 using 

paired t-tests (for normally-distributed variables) and Spearman’s rank correlations (for non-

parametric variables) in SAS Enterprise Guide 4 (SAS Institute 2006) and Statistica 9 

(StatSoft 2009).  To compare 2007 species assemblages and influential environmental 

variables to those of 2008, we ran PCoA and CCA ordinations on the 2007 data using 

identical settings to those described previously.  Finally, to validate the efficacy of the 

identified indicator species, we plotted a CCA of 2007 species and variables using those 

indicator species and best variables found from the 2008 dataset, and compared the results of 

the two years. 

 

5.3. Results 

5.3.1. Descriptive statistics 

The final analysis incorporated 886 individuals belonging to 37 species (Appendix 5.2).  

There was no significant difference between observed species richness and Jackknife 1 

estimated species richness (R2 = 0.860, p < 0.001).  There was no correlation between the 

number of singlets and abundance at a site (R2 = -0.052, p = 0.907) or between the difference 

between estimated and observed species richness and abundance (R2 = -0.045, p = 0.700).  

There was a significant correlation between number of species and abundance at a site (R2 = 

0.317, p = 0.005).  There was no significant correlation between abundance and Jackknife 1 

estimated species richness (R2 = 0.089, p = 0.101).  Species assemblages exhibited significant 

spatial autocorrelation in 2007 (Mantel’s R = 0.341, p = 0.002) and in 2008 (Mantel’s R = 

0.332, p = 0.002). 

 β diversity values were high (minimum βW = 0.125; i.e. the most similar pair of sites 

shared only 88% of species) and significantly correlated with distance between sites 

(Mantel’s test R = 0.340, p = 0.001; Spearman’s correlation R = 0.32, t(N-2) = 4.82, p < 0.001).  
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Sites significantly differed in their species assemblages (ANOSIM Global R = 0.625; p < 

0.001). 

 

5.3.2. Ordinations 

The first four axes in the PCoA explained 28.4%, 18.3%, 14.1%, and 10% of the variance in 

the species data respectively, or 70.8% of the variance together (Table 5.1).  One 

management unit had a distinct assemblage from the other two, necessitating the usage of 

management unit as a covariable in further analyses.  The two reference sites did not separate 

from the others. 

 In the CCA, all variables together explained 75.34% of variance in species data while 

covariables explained 8.9% and 15.77% of variance was unexplained.  However, the axes 

were not significant.  When forward selection was applied, four variables were selected as the 

best subset: number of years since the last burn, proportion of short grasses, area of 

indigenous forest within 500 m surrounding a site, and proportion of bare ground at a site.  

Together, these variables explained 54% of variance in the species data, with the first axis 

alone explaining 30% of what could be explained by the best subset.  When the CCA was 

plotted using only these four “best” variables, the reference sites clustered separately to the 

other sites (Table 5.1, Fig. 5.5a).  

 

5.3.3. Cluster analyses and IndVal 

In the first method of cluster analysis (see Fig. 5.2), thirteen hierarchical levels were tested 

for indicator species.  Four species were significant indicators and their IndVal ranged from 

31%-94% (Table 5.2).  In the second method, four non-hierarchical levels were tested for 

indicators.  Nine species had significant IndVals ranging from 62% to100%.  In the third 

method we varied the number of clusters from two to six and tested three or four non-

hierarchical levels per number of clusters.  Twelve species had significant IndVals ranging 

from 46% to 100%.  Finally, for each number of variables (1-4) we chose the best cutoff 

point in the cluster analysis and tested these four levels for indicator species.  Seven species 

had significant IndVals ranging from 51% to 100% (Table 5.2). 

 Fit of clusters to PCoA results increased as the number of variables increased.  

Overall, 11 of the 24 species (50% of species) were significant indicators of one or more site 

groups.  Most site groups were apparent when overlaid onto the PCoA (Fig. 5.3).  Three 
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clusters related to the time since the last burn event, three related to the proportion of short 

grasses (Table 5.2).   

 

5.3.4. Validation 

There was a significantly higher proportion of bare ground and significantly taller mean 

vegetation height in 2007 than 2008 (paired t-test: t18 = 2.20, p = 0.04; t18 = 2.16, p = 0.04) 

(Fig. 5.4).  In 2007, there was no significant difference between the proportion of short and 

tall grasses (t18 = -0.96, p = 0.350).   In 2008, there was a significantly higher proportion of 

tall grasses than short grasses (t18 = -6.33, p < 0.001).  When comparing 2007 and 2008, there 

was a significantly higher proportion of short grasses in 2007 (t18 = 3.49, p = 0.003) and a 

significantly higher proportion of tall grasses in 2008 than in 2007 (t18 = -3.75, p = 0.001).  

 In the PCoA, the first four axes explained 61% of variability in species data: 22.6%, 

13.8%, 13.6%, and 11.0%, respectively. Management unit A sites separated completely from 

the other two management units which completely overlapped.  In the CCA, all 

environmental variables together explained 59.9% of the variance in the species data (20% 

less than 2008).  30% of the variance was not explained and the covariables explained 9.88% 

of the variance (Table 5.1).  All axes were not significant. 

 In the CCA with forward selection, the most influential variables were found to be: 

shape index, proportion of bare ground, mean vegetation height, state of the site five years 

prior to sampling and the number of years since last burn.   When the best subset of variables 

from 2008 was used on the 2007 species data, all axes were found not to be significant.  

18.27% of total variance in species data was explained by these four variables.  When the 

best subset of variables from 2007 was used, only 24.18% of variance in the species data was 

explained.  When the 2007 best subset was used on 2008 dataset, 35.16% of variance in the 

species data was explained.    

Finally, the CCA plotted using the 2008 best subset of variables with the chosen 

indicator species, showed that, while sites plotted in similar positions on the ordination 

diagram, with the two reference sites still distant from the other sites, some important 

differences were apparent.  The influence of the proportion of short grasses was diminished 

and opposed to its influence in the 2008 data.  Also, while the group of indicator species 

associated with the reference sites maintained its distinct cluster, the other three groups of 

indicator species did not form distinct clusters, but clumped together. 
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5.4. Discussion 

Despite the subtlety of habitat differences between EN sites, environmental aspects of the 

ENs and species assemblages were distinct enough to be detected by IndVal analysis, 

illustrating the effectiveness of this method.  Similarly to previous studies on grasshoppers 

(Rivers-Moore and Samways 1996; Chambers and Samways 1998; Samways and Kreuzinger 

2001; Gebeyehu and Samways 2003), they responded strongly to habitat characteristics of the 

ENs, as illustrated by large amounts of variance explained in multivariate ordination 

techniques.  

β diversity was high between sites showing high turnover in species assemblages, but 

considering the large percentage of variability explained by environmental variables, we 

assume that this turnover demonstrated the grasshoppers’ sensitive response to environmental 

differences between sites (with some effect of geographical distance as shown in Mantel’s 

test).   

The multiple methods used to arrive at the site typology emphasized the significance 

of site clusters.  Indicator species were not purely a function of the number of variables 

included, rather they had maximal and most significant values when clusters were formed 

which best suited that particular species.  Different species were sensitive to different 

complex combinations of variables.   

Eleven indicator species emerged in four groups (Table 5.2, Appendix 5.1): C. 

octhephilus was most strongly associated with area of indigenous forest surrounding a site; A. 

meruensis, C. stenoptera, O. carvalhoi, and Orthochtha sp. 2 were associated with grass 

height; T. didymus, F. milanjica, M. laticornis, and Pnorisa sp. 1 were most strongly 

associated with the number of years since the last burn; and Acrida sp. 1 and C. gracilis were 

strong indicators for an individual site, so we could not relate this statistically to its cause.  

We were not, however, interested in finding indicators for specific environmental variables, 

but for good and poor quality habitat, and therefore inspected those indicator species 

associated with the reference sites, in relation to those which were not.  

The reference sites, because they were managed separately from the ENs and as 

nature reserves, were burned in 2005 (two years prior to the 2007 sampling period) and then 

again two years later in 2007 after the sampling period was over (one year prior to the 2008 

sampling period).  Three species were associated with the reference sites (F. milanjica, M. 

laticornis, and Pnorisa sp.1) whose cluster statistically correlated with being burned one year 
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prior to sampling.  However, in the smaller dataset used for validation, these three species 

still clustered significantly with the reference sites, which still housed a distinct grasshopper 

assemblage from the EN sites on the basis of their position in the PCoA, although these sites 

had now been burned two years prior to sampling. This indicated that the time since last burn 

did not causally explain the distinct assemblage residing within the reference sites cluster.   

The three species associated with these sites could be considered indicators of “high quality 

habitat”.  Pnorisa sp.1 could not be identified to species level because this genus is in 

extreme need of revision (Jago 1996).  Morphologically the species is intermediate to many 

of the described species and a revision of the genus is required to determine whether the 

species has been previously described or not.  However, since it is certainly a valid, 

recognizable species, it can still be used as an indicator.  Resolution of its scientific name by 

comparison with other members of the genus will enhance its usefulness as an indicator but is 

not crucial at this stage. 

Of additional interest is that all three indicator species of “high quality habitat” belong 

to the subfamily Gomphocerinae.  Members of this subfamily are known for producing 

complex species-specific songs by rubbing a row of pegs on the inner hind femur against a 

specialized tegminal vein. These songs are used for species recognition, mate finding, and 

sexual selection (vonHelversen and vonHelversen 1997; Gottsberger and Mayer 2007).  All 

three species selected as indicators of habitat quality are phytophilous and, especially in the 

case of M. laticornis which is morphologically adapted to mimic grass (Jago 1971), may be 

associated with a particular food grass although this has never been experimentally 

established.  Specialization to a particular set of habitat requirements or to a food plant may 

be the underlying reason why all three indicator species belonged to the Gomphocerinae.  

Many of the species found in the region are widespread generalists which occur throughout 

southern Africa (Appendix 5.1), limiting their conservation priority and indicator potential. 

Site A4 presented an anomaly in the larger 2008 dataset.  It harbored the indicators of 

high quality habitat and clustered with the reference sites in the IndVal, but its assemblage 

was not distinct from that of the other sites, as evidenced by the PCoA.  Two species, Acrida 

sp. 1 and C. gracilis, were significant indicators of this site but not of the reference sites.  

Both of these species are assumed to be widespread generalist grass-feeders (Johnsen 1984), 

although little is known of their habits or conservation priority, as Acrida sp.1, like Pnorisa 

sp.1, cannot reliably be identified using existing literature.  Perhaps these species preferred 
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recently burned grasslands and disturbance, explaining their strong association with site A4, 

which was the only site besides the reference sites which had been burned one year prior to 

sampling.    

The grasshopper assemblages in the two years were strongly associated with different 

environmental variables.  The largest difference was the lack of influence of the proportion of 

short grasses at a site on the smaller dataset, and the reversal of the direction of its influence.  

This may be because the proportion of short and tall grasses in the smaller dataset (2007) 

were not significantly different, while in the larger dataset (2008), the proportion of tall 

grasses was much higher than that of short grasses.  It may also be that the smaller dataset 

was too small to be representative of the grasshopper assemblage.  This was evidenced by the 

fact that the best variables selected from the smaller dataset explained a greater amount of the 

variance of the larger dataset than of the smaller dataset, even though they were not found to 

be the best variables for this dataset.   

This study shows that grasshoppers are good indicators for ENs, and that IndVal is an 

effective method of identifying indicators for landscape-scale ENs.  IndVal is capable of 

differentiating between subtle environmental differences.  Small amounts of data collection 

may be used by managers to assess the presence or absence of indicator species, but to 

develop a bioindication system using the IndVal method, a sufficiently large dataset is 

required, preferably one in which species accumulation curves reach an asymptote.  We 

recommend that occasional assessment of grasshoppers in South Africa’s ENs should search 

for the three identified indicator species of high quality habitat. 

 

Acknowledgements 

We thank the Mauerberger Foundation Fund and RUBICODE for funding.  Mondi, 

SiyaQhubeka Forestry, iSimangaliso Wetland Park and EKZN Wildlife provided 

accommodation in the field, as well as insect collection permits and permission to sample on 

their holdings.  B. Gcumisa and M. Masango provided field assistance.  GIS maps were 

supplied by D. van Zyl.  C. Burchmore, P. Gardiner, L. Nel, R. Muller, G. Kruger and A. 

Madikane provided technical assistance for this study.   



CHAPTER 5: BIOINDICATOR 137 

 

 

 

 

Table 5.1. Comparison of ordination results for 2007 and 2008. 

    2008   2007 

  Variables used 

Sum of 
canonical 

eigenvalues 

Percentage 
of variance 
explained   

Sum of 
canonical 

eigenvalues 

Percentage 
of variance 
explained 

PCoA First axis   28.40%     20.30% 

Second axis   18.30%     14.60% 

First four axes   70.80%     60.00% 
              

CCA all variables Covariables 0.211 8.90%   0.230 9.39% 

Variables 1.787 75.34%   1.544 63.05% 

Covariables+variablesa 1.998 84.23%   1.774 72.44% 

Unexplained 0.289 12.18%   0.675 27.56% 
              

CCA on selected 
variables 

Vegetation and landscape 1.418 59.78%   1.103 45.04% 

Management 0.709 29.89%   0.462 18.86% 

2008 Best 0.988 41.65%   0.490 20.01% 

2007 Best 0.834 35.16%   0.752 30.71% 
a Covariables + variables is equal to the sum of "covariables" and "variables". 
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Figure 5.1. Map of study area in KwaZulu-Natal Province, South Africa. Closed squares = 

reference sites, open circles = sites sampled in 2007 and 2008, open diamonds = sites 

sampled in 2008 only, open squares = sites sampled in 2007 only. 
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Figure 5.2. Flow chart scheme of site typology selection methodology. 
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Figure 5.3. Principle coordinates analysis (PCoA) plots of first and second axes illustrating 

fit of environmental variables to species data.  Position of sites in plot was determined by 

species data alone and encircled site clusters were determined by environmental data alone.  

Visible differentiation of clusters indicates that sites which differ in their environmental 

variables, have correspondingly different species assemblages.  Separation of site clusters on 

the basis of proportion of short grasses at a site (clusters 2 and 6 in Table 5.2) (A); number of 

years since last burn (clusters 5 and 7 in Table 5.2) (B); and all four "best" variables: 

proportion of short grasses, bare ground, area of indigenous forest surrounding site and 

number of years since last burn (C) was almost complete.  Letter and number combinations 

symbolize sites: REF = reference sites; A, B and C refer to three management units shown in 

Fig. 5.1.  Arrows represent continuous environmental variables, triangles represent nominal 

environmental variables.  Lines indicate significant clusters (encircled) or pairs of sites. 
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Figure 5.4. Box and whisker plot of mean proportions of grass length in 2007 and 2008, with 

95% confidence intervals.  Letters indicate significant differences at 5% level.   
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Figure 5.5. Plots of first and second axes of canonical correspondence analysis of best four 

environmental variables with indicator species for 2008 (A) and 2007 (B). Symbols are the 

same as for Fig. 5.3. 
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Higher classification Species 2007 2008 2007 2008

Pyrgomorphidae Chrotogonus hemipterus 4 2 3 2 W
Atractomorpha acutipennis     

gerstaeckeri 12 15 3 3 W

Lentulidae Sygrus rehni - 3 - 2 L

Acrididae  Acridinae Acrida sp.1 54 42 18 14 4 U
Cannula gracilis 32 96 12 17 4 W
Coryphosima stenoptera 95 193 22 19 2 W
Odontomelus sp.1 20 83 7 10 U
Odontomelus zulu 2 13 1 3 L
Orthochtha sp.1 2 11 1 3 U
Orthochtha sp.2 160 177 22 19 2 U

Oedipodinae Acrotylus junodi junodi 8 - 3 - W
Aiolopus meruensis 6 12 6 4 2 W
Gastrimargus africanus africanus3 1 2 1 W
Gastrimargus crassicollis 10 4 7 3 N
Humbe tenuicornis 4 2 3 2 W
Morphacris fasciata 7 5 5 1 W
Oedaleus carvalhoi 9 9 6 3 2 W
Paracinema tricolor tricolor 9 8 5 3 W

Eyprepocnemidinae Cataloipus sp.1 7 3 5 2 U
Tylotropidius didymus 6 53 4 13 3 W

Catantopinae Catantops ochthephilus 15 11 6 6 1 R
Digrammacris bifidus 3 - 2 - R
Phaeocatantops sulphureus 3 - 2 - L
Vitticatantops maculata 4 9 3 3 L

Gomphocerinae Crucinotacris cruciata 1 36 1 2 W
Diablepia viridis 12 12 8 10 L
Faureia milanjica 12 14 1 2 3 W
Mesopsis laticornis 9 7 1 3 3 W
Pnorisa sp.1 6 5 1 3 3 U

Coptacridinae Eucoptacra turneri 3 19 1 2 R

Tropidopolinae Petamella prosternalis 10 12 6 5 W
Tristria discoidalis 6 39 4 10 W

b
 Estimated size of geographic distrubution range: W = widespread throughout Africa; N = national; R = 

regional; L = local; U = unknown distribution (Dirsh, 1965; Johnsen, 1984; Johnsen, 1991; Eades and Otte, 
2009).

Appendix 5.1. Complete species list. Species of which less than three individuals were found, and those 
found in only one site in a given year, were not used in analysis.

No. of 
individuals No. of sites Indicator 

group
a

Distribution
b

a
 Indicator groups correspond to groups in Table 2.
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Site Code 
a

2007 2008 2007 2008 2007 2008
REF1 9 8 21 36 0.80 0.60 22.14 2.20 0.23 0.00 84.40
A1 9 27 0.67 7.26 2.15 3.02 29.14 106.38
A2 5 10 1.29 0.99 1.87 3.38 33.04 43.19
A3 4 8 13 55 0.93 0.80 6.91 2.11 5.27 3.51 184.21
A4 4 9 14 61 0.88 0.36 9.43 1.40 5.43 19.99 149.93
A5 6 4 16 30 0.59 0.56 3.42 1.72 7.31 21.77 15.27
A6 5 8 0.93 0.89 1.58 1.53 12.44 124.38
A7 6 12 0.85 1.36 1.39 1.49 24.70 246.95
B1 6 4 12 37 0.69 0.78 14.47 1.32 19.74 0.00 104.84
B2 7 8 20 50 0.49 1.13 5.57 1.36 19.44 4.25 117.02
B3 7 9 18 26 0.91 0.88 5.85 1.85 16.93 0.00 0.00
B4 1 9 21 45 1.00 0.60 17.38 2.44 18.04 0.00 0.00
B5 8 6 15 11 0.77 1.02 8.88 1.60 15.37 0.00 61.20
B6 3 8 7 34 1.00 0.49 11.90 1.50 15.43 0.00 0.00
B7 7 12 16 31 0.78 0.57 7.65 3.01 11.70 5.84 52.13
B8 9 10 19 51 0.79 0.69 7.56 2.87 11.48 1.33 141.98
B9 7 15 0.42 2.08 1.66 13.54 13.61 136.05
B10 8 30 0.52 56.24 3.16 9.34 0.00 0.00
REF2 9 10 51 63 0.52 0.33 292.92 1.45 0.74 0.00 0.50
C1 7 10 16 70 0.71 0.66 2.15 2.20 12.66 0.00 79.77
C2 7 8 12 82 1.57 0.25 2.13 1.70 12.48 0.00 80.13
C3 6 8 11 47 1.15 0.50 14.28 1.75 7.38 0.00 233.46
C4 4 10 18 76 0.63 0.47 13.78 2.43 6.56 1.24 104.69
C5 6 4 29 16 0.80 0.70 19.77 2.02 3.81 0.00 90.39
C6 6 5 30 28 0.78 0.52 0.05 1.73 3.97 0.00 109.51
C7 9 25 0.93 8.22 1.21 3.48 24.13 241.35
C8 8 31 0.76 8.24 2.85 4.06 6.82 68.23

Appendix 5.2.  Table of sites and their environmental characteristics.

a
 Sites are listed geographically from South to North.  REF = reference sites; A, B, and C = designate the three 

management units, respectively (see Fig. 5.1).

b
 Simpson's measure of evenness (E1/D) is recommended when rare and abundant species should be weighted equally 

(Smith and Wilson, 1996).  Minimum value is 0.  E1/D = (1/D)/S; where D =

S = species richness; n i  = the number of individuals in the i th species; and N = the total number of individuals. Blank 

spaces indicate sites which were not sampled in that year.

c
 Shape Index is an area-free measure whose values range from 1 to 3, where 1 is perfectly circular. The higher the 

value, the more complex the shape of the site.  Shape Index (SI) = 
where P = perimeter in meters and TA = total area in hectares (Laurance and Yensen, 1991).

Distance 
to 

reference 
site (km)

Area of 
indigenous 

forest within 
500 m 

surrounding 

Area of 
grassland within 

500 m 
surrounding 

site (ha)

Grasshopper variables Landscape characteristics

Species 
richness 

No. of 
individuals

Simpson's 

evenness 
b

Area (ha)

Shape 

Index
c

∑(         )ni[ni-1]
N[N-1]

P
[200 • (π • TA) 0.5]
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Site Code 
a

2007 2008 2007 2008 2007 2008 2007 2008 2007 2008
REF1 62.73 76.10 0.37 0.00 0.37 0.81 0.04 0.00 0.22 0.19 0 1, 3
A1 44.57 0.35 0.36 0.01 0.28 20 2
A2 53.57 0.20 0.73 0.02 0.04 20 >3
A3 65.50 66.47 0.50 0.00 0.19 0.64 0.12 0.00 0.19 0.36 0 2
A4 80.50 68.80 0.05 0.35 0.88 0.45 0.01 0.12 0.07 0.08 0 1, 3
A5 47.87 36.93 0.48 0.64 0.38 0.25 0.05 0.09 0.10 0.02 3 >3
A6 74.93 0.18 0.61 0.01 0.20 3 >3
A7 46.87 0.90 0.10 0.00 0.00 3 >3
B1 79.40 76.50 0.09 0.03 0.42 0.62 0.34 0.09 0.14 0.26 0 2
B2 62.23 65.23 0.37 0.13 0.62 0.86 0.01 0.00 0.00 0.01 10 3
B3 90.53 57.80 0.36 0.34 0.51 0.53 0.00 0.06 0.13 0.07 10 3
B4 94.57 105.73 0.29 0.07 0.55 0.78 0.15 0.09 0.02 0.06 10 3
B5 67.50 103.20 0.34 0.14 0.49 0.63 0.17 0.03 0.00 0.20 10 3
B6 90.57 58.93 0.49 0.16 0.47 0.76 0.03 0.00 0.01 0.08 10 3
B7 91.57 65.03 0.28 0.24 0.52 0.53 0.19 0.04 0.01 0.19 10 3
B8 75.27 77.47 0.24 0.29 0.63 0.69 0.12 0.01 0.01 0.02 10 3
B9 77.67 0.56 0.34 0.03 0.07 5 3
B10 110.23 0.11 0.57 0.15 0.17 20 3
REF2 72.13 60.40 0.57 0.20 0.23 0.75 0.17 0.03 0.03 0.02 0 1,3
C1 61.03 35.07 0.37 0.28 0.38 0.66 0.01 0.04 0.24 0.02 5 >3
C2 62.47 51.20 0.55 0.50 0.35 0.47 0.10 0.03 0.00 0.00 5 >3
C3 65.50 51.07 0.43 0.12 0.47 0.72 0.00 0.00 0.10 0.16 20 >3
C4 68.43 53.70 0.62 0.15 0.33 0.79 0.00 0.04 0.06 0.03 20 >3
C5 88.60 54.83 0.26 0.09 0.68 0.89 0.04 0.00 0.02 0.02 20 >3
C6 64.07 58.40 0.74 0.26 0.24 0.68 0.02 0.05 0.00 0.01 20 2
C7 56.83 0.40 0.51 0.09 0.00 20 3
C8 57.20 0.71 0.27 0.01 0.02 20 >3

Vegetation characteristics Management characteristics
Appendix 5.2. (continued)

Proportion 
of bare 
ground

Proportion 
of non-
grass 

vegetation

No. of years 
prior to last 

sampling period 
that site was 
restored to 
grassland

Last fire 
(No. years 
prior to last 

sampling 
period)

Mean 
vegetation 

height (cm)

Proportion 
of short 
grasses

Proportion 
of tall 

grasses
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Chapter 6 

Anthrovicariance of a highly mobile species, the bird locust, in grassland 

fragments embedded in an agroforestry matrix  

 

Fragmentation from agroforestry leaves remnant patches of natural habitat that may or 

may not have conservation value in terms of both isolation and quality.  We focus 

here on native grassland fragments within an exotic timber plantation matrix, and 

assess their conservation value from the perspective of a highly-mobile species, the 

bird locust, Ornithacris cyanea.  Mark release recapture was used to observe direct 

movement of individuals, and to determine whether patches were connected given the 

habitat unsuitability of the matrix.  Bird locust density, morphology, fluctuating 

asymmetry and phenodeviation were compared among fragments and assessed 

relative to habitat quality of the fragments.  We found that there was no direct 

movement between fragments.  Bird locusts from the poorest quality fragment had 

significantly shorter hind femurs.  Females from the poorest quality fragment also had 

significantly shorter forewings and more forewing pattern phenodeviation than 

females from other fragments.  In contrast, the best quality fragment had the highest 

density of bird locusts, but they were indistinct morphologically from those of other 

fragments.  These results indicate the importance of investigating males and females 

separately.  Overall, these grassland fragments are highly isolating even for such a 

highly mobile species, and deteriorating habitat quality has a strong effect upon 

morphology.  The conservation message from these findings is that grassland 

fragments, especially those of poor quality have little conservation value, indicating 

the need to link fragments to promote movement and gene flow and prevent 

anthrovicariance. 



CHAPTER 6: BIRD LOCUST 153 

 

6.1. Introduction 

Habitat loss is the greatest threat to species survival in terrestrial ecosystems (Sala et al. 2000; 

Pimm and Raven 2000; Donald and Evans 2006; Tylianakis et al. 2007).  When habitat is 

destroyed by agriculture or urbanization, the remaining habitat becomes fragmented and 

spatially structured (Lindenmayer and Fischer 2006).  While habitat loss is detrimental to 

biodiversity, the accompanying process of habitat fragmentation can be positive, negative or 

neutral (Fahrig 2002; Fahrig 2003; Grez et al. 2004; Yaacobi et al. 2007).  Species respond 

differently to fragmentation depending on traits such as resilience, dispersal ability, niche 

breadth, and interactions with other species (Kruess and Tscharntke 1994; Henle et al. 2004).  

Species response to fragmentation may also be mitigated or exacerbated by multiple factors 

such as habitat quality, human disturbances, matrix and edge effects (Ewers and Didham 

2006; Laurance 2008).   

Depending on the degree of contrast between the matrix and the fragment, the matrix 

can significantly influence fragmentation effects by acting as a filter for species dispersal, 

providing resources and regulating microclimate conditions in the edge habitat (Kupfer et al. 

2006; Fischer and Lindenmayer 2007; Laurance 2008).  Ecological conditions are more 

variable at fragment-matrix edges than in the interior of either, strongly influencing the 

abundance and presence of species and their interactions at the edge (Ries et al. 2004).  

Fragmentation processes are often magnified in isolated fragments and in those with 

convoluted shapes, as these have more associated edge effects.  Additionally, fragmented 

habitats are prone to increased human-induced disturbance regimes and biological invasions  

(Ewers and Didham 2006; Laurance 2008).   

 Despite the diversity and complexity of fragmentation effects, small fragments have 

been shown to have value in conserving species interactions (Abensperg-Traun and Smith 

1999; Tscharntke et al. 2002; Duelli and Obrist 2003) for the persistence of metapopulation 

dynamics in a landscape (Kindvall 1999; Bowne and Bowers 2004), or as stepping stone 

corridors (Bennett 1999; Lindenmayer and Fischer 2006).  Alternatively, if fragments are 

effectively isolated from one another, then species within them may undergo speciation 

through vicariance.  Vicariance occurs naturally in isolated fragments such as sky islands 

(Knowles 2000) or hypersaline environments (Ortego et al. 2010), where populations are 

isolated and cannot interchange individuals for gene flow.  When human actions cause 

populations to be isolated to the point of vicariance, the process is referred to as 

anthrovicariance (Williams 2002).  This has been demonstrated for ants in rainforests 

converted to oil palm plantations in Borneo (Bickel et al. 2006), for a Jerusalem cricket 
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(Orthoptera: Stenopelmatidae) in habitat fragmented by urbanization in southern California 

(Vandergast et al. 2007), and for a butterfly in the USA fragmented by agriculture (Williams 

2002; Williams et al. 2003).  Isolation is a function of species dispersal ability and spatial 

scale, and conditions for vicariance differ among species (Louy et al. 2007; Diekötter et al. 

2010; Habel et al. 2010).   

 Isolation and fragment size in many cases and for many organisms, are less influential 

than habitat quality within the fragment (Fleishman et al. 2002; Visconti and Elkin 2009).  

Poor habitat quality may lead to environmentally-induced stress during an organism's 

development or inherited from previous generations, and may manifest itself in phenotypic 

anomalies (Palmer and Strobeck 1986; Clarke 1993; Lens and Van Dongen 2001; Palmer 

2004).  Though the exact mechanisms remain unclear (Van Dongen 2006), several measures 

have been identified and suggested as means of identifying and quantifying developmental 

instability (Møller and Swaddle 1997).  Two of these are fluctuating asymmetry, defined as 

the difference in the two sides of a bilaterally symmetrical trait, and phenodeviants or, a trait 

that displays a growth pattern substantially different to that observed in the mean phenotype 

(Møller and Swaddle 1997).  Here, we utilize indicators of developmental stress to assess the 

conservation value of semi-isolated grassland fragments in an exotic timber plantation matrix 

of Eucalyptus trees in KwaZulu-Natal, South Africa.   

The bird locust, Ornithacris cyanea (Stoll, 1813) (Orthoptera: Acrididae: 

Cyrtacanthacridinae), as its popular name suggests, is the largest, strongest-flying and, as a 

result of its fuchsia hindwings, the most visible grasshopper in South Africa’s eastern 

grassland region (Rehn 1945).  It was chosen as study organism for this study because it is 

mobile enough to potentially move between nearby fragments at the time scale of this study, 

visible enough for movement to be detected, but also small enough to live within the habitat 

fragments.  Grasshoppers, in general, and specifically in this study region, are extremely 

sensitive to changes occurring in their habitat and have been recommended as bioindicators 

(Samways and Moore 1991; Sauberer et al. 2004; Kinvig 2006; Steck et al. 2007).  The bird 

locust is a generalist which eats predominantly forbaceous vegetation (Chapman 1990; 

Chapman and Sword 1997) and resides in secondary and edaphic grasslands but can 

sometimes be seen flying into neighboring woodlands (Johnsen 1984).  Like most 

grasshoppers, it requires access to sunlight for thermoregulation.  We investigate the degree 

of isolation of bird locust populations in separate fragments, and evaluate the health of the 

populations by using indicators of developmental instability.   
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  In this paper we ask whether small, isolated grassland fragments in a timber 

plantation matrix have conservation value for a highly mobile grasshopper, the bird locust.  

We use a three-pronged approach to answer this question: (1) mark release recapture to 

observe movement; (2) comparison of morphological traits among the fragments; and (3) 

correlation of habitat quality with measures of developmental instability. 

 

6.2. Methods 

6.2.1. Study sites  

Four semi-isolated fragments of remnant, natural Maputaland Wooded Grassland (Mucina 

and Rutherford 2006) were selected within an exotic Eucalyptus timber plantation in 

KwaZulu-Natal Province, South Africa (28˚15’S 32˚20’E).  The fragments were located 

along an 8 km transect at a distance of 1.5-2 km from one to the next, and differed in their 

size, shape, context and vegetation characteristics (Fig. 6.1, Table 6.1).  The land has been 

used for plantation forestry for over 50 years.  We selected these fragments because they 

were the closest available fragments to one another in which significant populations of the 

study organism were observed.   

In order to relate bird locust populations to habitat quality within the grassland 

fragments, we quantified a number of environmental variables and ordered the fragments 

from best to worst quality.  This technique is often employed in fluctuating asymmetry 

studies for which no suitable control exists (Lens et al. 1999; Lens and Van Dongen 2001; 

Berggren 2005; Civantos et al. 2005).  Vegetation type was measured along ten, 5 m 

transects, placed at random throughout each site, internally to the 30 m edge (Bullock and 

Samways 2006).  Ground cover was grouped into four categories: tall grasses (>30 cm), short 

grasses (<30 cm), forbs, or bare ground.  Proportion of each vegetation category for all ten 

transects per site was calculated.  Landscape variables related to the structure of the EN were 

calculated using ArcGIS 9 (ESRI 2006), digital maps and 1:200 000 resolution aerial 

photographs obtained from D. van Zyl at Mondi.   

 Plantation managers actively managed the grassland fragments for conservation by 

simulating processes which would occur naturally in the region, primarily fires and grazing 

by large herbivores.  No fires occurred during the sampling period but most sites were burnt 

on a biennial basis, as this was considered optimal for grassland management in the region 

(Lipsey and Hockey 2010).  Local communities were permitted to graze cattle within the 

fragments.  Studies have shown that intermediate levels of livestock grazing can successfully 

simulate natural conditions of grazing by wildlife, but too much or too little grazing can be 
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detrimental to grassland condition (Samways and Kreuzinger 2001).  Fragments with high 

densities of cattle can become infested with ticks, and because information about grazing 

intensity was lacking, we used the number of ticks at a site and the proportion of short grasses 

as an indicator of grazing intensity.  Management variables were calculated from surveys 

completed by the plantation manager.  Data were verified with other forest personnel and 

personal observation. 

 

6.2.2. Species 

The bird locust, Ornithacris cyanea, was chosen for this study because of its abundance, 

visibility, mobility, and seasonal traits.  It is large-bodied (males approx. 68 mm, females 85 

mm) and robust, with dark-brown and white, patterned forewings and fuchsia hind wings 

which are exhibited during flight (Rehn 1945; Mungai 1987). It was the largest and strongest-

flying grasshopper within these sites, and therefore the species whose movement between 

sites was most likely to be observed during the time scale of the study.  Although no studies 

have measured flight capabilities of the bird locust, this can be inferred from closely related 

species.  The Cyrtacanthacridinae include two African locusts, Schistocerca gregaria and 

Nomadacris septemfasciata, that can travel up to 100 km per day (McGavin 2001).   

The bird locust is probably univoltine, but can be bivoltine under exceptionally humid 

years with lush growth (not the case during this study period).  Based on the life cycles of 

closely related species, eggs probably hatch simultaneously at the beginning of the wet 

summer (Picker et al. 2004).  The bird locust moults five (male) or six (female) times before 

the final moult to a teneral adult.  Once the adult is fully sclerotized, it eats, disperses, mates 

and lays eggs for a number of weeks before dying off with the advent of cold, dry weather.  

The synchronous and distinct peak of maturity ensured negligible numbers of deaths or 

juveniles achieving maturity during the study period, so populations were effectively 

‘closed’.  The populations reached their peak about two weeks before the time of the study 

with an observable transition from a majority of nymphs present to a majority of adults.  The 

assumption of closed populations due to movement between study sites was tested in this 

study. 

 

6.2.3. Mark release recapture methods 

Mark release recapture (MRR) techniques are a direct way to observe animal movement 

(White et al. 1982; Samways et al. 2010), but their utility and application are limited by a 

large number of assumptions that must be met, as well as viability considerations (Krebs 
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1989).  As a means of population estimation, MRR is effective for relatively small 

populations of up to a few thousand individuals, of which about 20% of the individuals can 

be captured (Henderson 2003).  New developments in the analysis of MRR have vastly 

expanded the applications of these methods by accounting for numerous, realistic dynamics 

which populations undergo (Williams et al. 2002) but  the simplest MRR techniques 

investigate ‘closed populations’, those which can be assumed to lack birth, death, emigration 

or immigration events at the time scale and location of the study (Krebs 1989).   

Bird locusts were sampled within the four study fragments on ten, non-consecutive 

days between 8:00 and 14:00 on sunny, warm days from April 8th to April 25th, 2008.  Four 

or five people worked together to flush the bird locusts from the grass and then chased them 

until they were caught with an insect net.  Each site was visited 6-9 times, proportionally to 

the catch per unit effort (CPUE) at the site (Table 6.1).  The more bird locusts collected per 

unit effort, the larger (or denser) the population was assumed to be and the more times the 

team visited the site.  Four days (Day 1, 11,12, and 13) were dedicated to collecting as many 

individuals as possible in the two fragments with larger CPUE, in an attempt to mark a large 

enough proportion of the population to be able to detect recapture at a later stage.    For the 

remaining six sample days, all four fragments were visited in random order and were sampled 

either until ten specimens were collected or for 1.5 hours.  If ten specimens could not be 

collected in this time, the team proceeded to the next site.  The time spent collecting was 

negligible to the total time period of the study.   

 Bird locusts caught each day at each site were marked with a day-specific (as opposed 

to individual-specific) identifier with Tipp-ex on the sternum.  MRR models and software 

require each individual to have a unique identifier (White et al. 1982).  However, for the 

questions asked in this study, date-specific identifiers were sufficient (Begon 1979) and the 

use of fewer distinct marking symbols eliminated uncertainty associated with damaged or 

obscured marks.  Tipp-ex fit the criteria for an effective marking material as it was quick-

drying, did not peel or chip, was non-toxic, and its weight was negligible and therefore did 

not alter the behaviour of the insects (Hagler and Jackson 2001).  The position of the mark on 

the underside of the insect ensured that it would not attract predators or alter intra-specific 

interactions, as sound production and visual cues are transferred using the wings and hind 

legs.  In a trial experiment, five bird locusts were marked with Tipp-ex or fine-point, non-

toxic permanent markers and kept within a large, mesh box with vegetation.  After ten days, 

all bird locusts were still alive and acted healthily and normally.  The Tipp-ex mark was 
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easily discernible.  All specimens caught on the final two days of the study (N = 80) were 

kept, killed by freezing and used for further analysis.  

  

6.2.4. Measurements 

Ten characters were measured in four categories: lengths (four characters), fluctuating 

asymmetry (three characters), phenodeviants (two characters), and ticks were counted on the 

hind wings.  Three relatively large, ‘length’ characters were measured with a dial calliper to 

the nearest 0.05 mm: length of the body from frons to end of the forewings (Body), length of 

the hind femur (Femur), length of the forewing (Tegmen), and length of the pronotum 

(Pronotum).  These characters were selected because they do not change after the insect dies 

or is dried.  Each measurement was taken twice with the same instrument by CSB with a two-

day interval in between measurements to minimize measurement error.   

 Three characters were measured for fluctuating asymmetry: lengths of the right and 

left forewings (FATegmen), lengths of the right and left hind femora (FAFemur), and 

proportion of black to white pigmentation on the forewing pattern (FAPattern).  Photographs 

were taken of the left and right forewings of each locust individual using a Canon EOS Rebel 

XT digital camera.  These photographs were then aligned in Photoshop CS2 parallel to each 

other, converted to grayscale and a region of 1000 x 100 pixels was delineated along the mid-

top margin of the wing, at the same position in every photograph.  Each pixel within the 

delineated area was assigned a binary ‘black’ or ‘white’ value and shaded in as such on the 

photograph, based on whether the pixel fell within a dark or light stripe.  The ratio of 

black/white pixels was calculated for each wing.  These measurements were repeated twice 

with a week interval in between.  Conceivably, an individual could have asymmetrical 

patterns but the same number of black and white pixels if these were positioned in different 

places.  A measure of pattern phenodeviation was added to account for this possibility. 

 Two types of phenodeviations were calculated: hind tibial spines (PhenoSpines) and 

extreme forewing pattern asymmetry (PhenoPattern).  Inner and outer rows of spines on the 

hind tibiae were counted.  If the row of spines differed from the typical 11:8 (inner:outer row 

of spines) combination found in the vast majority of individuals, then the individual was a 

phenodeviant.  The left and right wings of each bird locust were compared visually and given 

a qualitative score for asymmetry from 1 to 5 (1 = perfect symmetry and 5 = extremely 

asymmetrical).  This was done twice and scores were averaged. 

   

6.2.5. Statistical analysis 
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6.2.5.1. Population estimates  

Gender bias was calculated with a Mann-Whitney U-test for marked and unmarked males and 

females at each site, and this was used as an indication of catchability.  The population at 

each site was assumed to be closed and the effects of birth, death and movement negligible 

during the 21-day study period (Krebs 1989).  The Schumacher-Eschmeyer equation was 

used to estimate the populations of the species at each site because this is the most robust and 

useful ecological model for multiple censuses on closed populations (Seber 1982; Krebs 

1989).  Confidence intervals were calculated according to Krebs (1989) using confidence 

limits obtained from a Poisson distribution because nrecapture < 50.  The number of bird locusts 

previously marked was regressed with the proportion of marked individuals caught per 

sample for each site separately in SAS Enterprise Guide 4.1 (SAS Institute 2006) to confirm 

that the assumptions of the model were upheld (Krebs 1989) (Table 6.1).   

 Catch per unit effort (CPUE) is a measure most commonly used in managing fishery 

and hunting stocks and can be calculated in a variety of ways according to the desired output, 

complexity of the population characteristics and removal methods used (Bordalo-Machado 

2006; Rist et al. 2008).  Here we use it as a relative measure for site comparison and not for 

density or abundance estimation.  We apply this method as a way to quantify obvious 

population differences which we observed while sampling and as a means of checking 

population estimates obtained from traditional MRR methods.  ‘Catch’ was quantified as the 

number of locusts caught at a site.  Recaptured individuals were counted twice.   

 Sampling effort was calculated as the product of number of collectors by time spent at 

each site.  Locusts were visibly clumped in edges of fragments so in this calculation we did 

not take area of the site into account since effort was not evenly distributed throughout the 

site.  Number of collectors was corrected for efficiency of the individual collector as follows: 

three dedicated collectors (G.T. Fakazi, M.S. Mathaba, L.C. Dlodlo) were responsible for 

collecting 90% of the locusts and their catch rates did not differ significantly from each other 

(Kruskal-Wallis: H = 3.46, p = 0.18).  Each collector carried a standard plastic bag into which 

he/she put all locusts.  At the collector’s convenience, they passed the bag to two handlers 

(C.S. Bazelet, B.N. Gcumisa) for recording, marking and measurement.  In this way, the three 

dedicated collectors spent negligible time in handling, while the two handlers spent much less 

time collecting.  However, the handlers did collect 10% of the total catch.  Their catch rates 

did not differ significantly from each other (Kruskal-Wallis: H = 3.59, p = 0.06), but 

accounted for 25% on average of the catch by the other three collectors.  When the handlers 

participated in collection, they were each counted as 0.4 of a person (average catch rate of 
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handlers divided by two was 40% of average catch rate of dedicated collectors divided by 

three).   Sites were compared with a Kruskal-Wallis test in Statistica 9 (StatSoft 2009), and 

pairwise comparisons were Tukey corrected. 

 

6.2.5.2. Population isolation 

 All repeated measures were first tested for the effect of measurement error using repeated 

measures ANOVA in Statistica 9.  This was particularly important for the fluctuating 

asymmetry measurements, since this difference is, by definition, very small, a statistical 

comparison was required to ensure that between-sides variation was significantly larger than 

measurement error (Palmer and Strobeck 1986).  For fluctuating asymmetry measures we 

used a two-way mixed model repeated measures ANOVA in Statistica 9, where SIDE and 

REPEAT were taken as the two repeated measures (Berggren 2005).  Fluctuating asymmetry 

was then calculated as the absolute value of the mean right - left difference.  Fluctuating 

asymmetry characters were log-transformed to increase their normal distribution and then 

regressed with each of the ‘length’ measurements to test for size dependence. 

Sites were compared for differences in each of the ten morphological characters using 

one-way ANOVA (continuous variables), Kruskal-Wallis tests (Ticks and PhenoPattern) and 

a chi-squared contingency table (PhenoSpines).  Males and females were assessed separately.  

All traits were tested for correlations using linear regressions, Spearman’s correlations and 

logistic regression (PhenoSpines) in Statistica 9.  Principal components analysis (PCA) was 

calculated in CANOCO for multivariate site comparison using all traits.    

  

6.3. Results 

6.3.1. Population estimates 

A total of 498 individuals were caught in all sites during the study period; 468 of these were 

caught only once, and thirty individuals were caught twice (Table 6.1). There was no 

significant difference between number of males and females caught among all sites (Mann-

Whitney: z = 1.72, p = 0.09) or per site (Kruskal-Wallis: HA = 0.18, p = 0.67; HB = 1.76, p = 

0.18, HC = 2.19, p = 0.14, HD = 2.69, p = 0.10).  Recaptured males and females also did not 

differ significantly overall (Mann-Whitney: z = 1.59, p = 0.11) or at three of the four sites 

(Kruskal-Wallis: HB = 0.55, p = 0.46, HC = 0.41, p = 0.52, HD = 1.00, p = 0.32).  At site A, 

however, significantly more males were recaptured than females (Kruskal-Wallis: HA = 4.09, 

p = 0.04).    
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 The proportion of marked individuals in a sample increased linearly as the number of 

individuals bearing a mark increased in the population at site A only, indicating that the 

assumptions of the Schumacher-Eschmeyer method were upheld for this site only (Table 6.1) 

and only this population estimate could be considered significant.  CPUE at site B was 

significantly higher than that at sites C and D (Kruskal-Wallis pairwise tests: HB-C = 3.08, p = 

0.012; HB-D = 3.80, p = 0.0008). 

 All recaptured individuals were found in the same site as where they had originally 

been captured, so no movement was observed at the time scale of this study.  Individuals 

were recaptured as much as 16 days after their original mark.  30% of all recaptured 

individuals were recaptured the following day after their original marking.   

  

6.3.2. Population isolation 

Measurement error was negligible for all traits except male pronotum length and male 

forewing pattern fluctuating asymmetry, so these measurements were excluded from 

analyses.  fluctuating asymmetry was independent of body length (FATegmen R2 = 0.134, p 

= 0.313; FAFemur R2 = 0.001, p = 0.796; FAPattern R2 = 0.025, p = 0.159).  Body length 

was significantly, linearly correlated with the other length traits (Pronotum R2 = 0.866, p = 

0.000; Tegmen R2 = 0.973, p = 0.000; Femur R2 = 0.956, p = 0.000).  

Male tegmen and femur length were significantly, negatively correlated with the 

number of ticks (Spearman’s r = -0.308, p < 0.05; r = -0.356, p < 0.05, respectively), and 

presence of extreme forewing asymmetry for females and males was also significantly, 

positively correlated with the number of ticks (Spearman’s r = 0.513, p < 0.05; r = 0.403, p < 

0.05).  Asymmetry of forewing length was significantly, positively correlated with presence 

of extreme tegmen asymmetry for males (Spearman’s r = 0.317, p < 0.05).  Asymmetry of 

female forewing length was significantly, positively correlated with asymmetry of tegminal 

pattern (Linear regression R2 = 0.1855, p = 0.012). 

Four female and three male characters differed significantly among sites (Table 6.2).  

Female and male hind femora were significantly longer in site C than in site A (Tukey 

adjusted t-test t = -3.625, p = 0.006; t = -2.836 p = 0.034).  Female forewings were 

significantly longer in site C than in site A (t = -3.315, p = 0.013) and male forewing length 

was significantly more symmetrical in site D than in site C (t = 3.141, p = 0.016). Females 

had significantly more extremely asymmetrical forewing patterns at site A than sites B or D (t 

= 2.763, p = 0.034; t = 3.281, p = 0.006, respectively).  Females had significantly more ticks 

at site A than all other sites (t = 3.803, p = 0.001; t = 2.770, p = 0.034; t = 2.824, p = 0.028, 
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respectively) and males had more ticks at site A than sites B or C (t = 4.487, p = 0.000; t = 

3.685, p = 0.001).   

In a multivariate analysis of all traits, sites did not separate from one another (Fig. 

6.2).  For females, the first axis explained 24% of variability in the species data and the 

second axis explained 16.5% of this variability.  For males, percentages explained were 

similar, with the first axis explaining 26.8% of variability and the second axis explaining 

15.6%. 

  Site D had the greatest proportion of tall grasses and smallest proportion of short 

grasses of the sites.  Site A had the greatest proportion of short grasses and lowest proportion 

of tall grasses (Fig. 6.3i).  Site B and A had the greatest proportions of bare ground.  Site C 

was surrounded by the greatest area of indigenous forest and together with site B, was the 

least isolated in terms of the area of grassland in the surrounds (Fig. 6.3ii).  Site B was closest 

to circular (Fig. 6.3iii) and site D was by far the largest (Fig. 6.3iv).  Site A had the greatest 

evidence of grazing pressure judging by the number of ticks and proportion of short grasses 

and the lack of fire for at least five years.  Site D had the least grazing pressure, as there were 

few ticks and no short grasses despite the last fire event which had taken place two years 

prior to sampling (Table 6.3).  On the basis of these environmental variables, site B was 

ranked highest in terms of habitat quality and site A was ranked lowest.  Sites D and C were 

of intermediate quality.    

 

6.4. Discussion 

The original intent of choosing four grassland fragments in close proximity, and a highly 

mobile study organism, was to observe directional movement between fragments, quantify 

rates of this movement and determine the degree of isolation and conservation value of the 

small fragments.  The results were surprising in that each individual captured for a second 

time, was captured in the same fragment where it had originally been found.  The most 

plausible explanation for the lack of observed movement between fragments is that they are 

highly isolated by the inhospitable plantation matrix.   Isolation could be a result of 

impenetrability of the timber plantations, or it could be an inherent behavioural or ecological 

preference of the species, to maintain distinct populations 

 While populations at the four fragments were not distinct (based on the multivariate 

PCA plot), individual characters differed significantly among the fragments.  This shows that 

populations are undergoing differentiation caused by human-induced habitat fragmentation, a 

process called anthrovicariance (Williams 2002).  Similar population differentiation has been 
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observed in genetic population studies of the Regal Fritillary butterfly in the USA (Williams 

2002).  Vicariance (naturally occurring population differentiation) has been shown in many 

scenarios including for grasshopper specialists of hypersaline wetlands of the Iberian 

peninsula (Ortego et al. 2010).  Vicariance is usually measured on a national, or other very 

large geographic scale, and the species of interest normally requires a specialized niche for 

survival (e.g. larval host plant of the Regal Fritillary (Williams 2002) or hypersaline 

environment for the Iberian grasshopper (Ortego et al. 2010)).  The bird locust is not only 

highly mobile, but also a generalist with a wide range of potential host plants (Chapman 

1990; Chapman and Sword 1997), making the observed isolation surprising. 

Site A, in particular, differed from site C.  Female forewings and hind femora of 

males and females were significantly shorter at site A than site C, although total body length 

did not differ significantly between these fragments.  Shorter wings and shorter legs (weaker 

jumping) seems to be an adaptation for reduced movement.  Two possible explanations can 

be suggested for reduced movement at site A: (1) Conditions at this site were optimal so 

individuals had no reason to disperse away from this site; or (2) Conditions at this site were 

dire and individuals were required to allocate resources towards basic survival traits and 

functions.  The conditions at site C, therefore, would be opposite to these, as an adaptation for 

increased movement.  Whatever the cause, the differentiation of these traits shows population 

distinctness.  

A further clue of population isolation would be if markers of developmental 

instability aligned along a spectrum of habitat quality at the fragments.  Habitat quality 

cannot easily be measured (Johnson 2007).  By summarizing various environmental 

variables, we concluded that site A was of the poorest quality and site B of the best, with the 

two remaining fragments of intermediate quality.  Several traits aligned to an extent with the 

spectrum of habitat quality, although none fit this spectrum exactly.  Bird locust density, as 

measured by CPUE, was highest in site B which was of highest habitat quality.  At the 

poorest quality site, site A, forewings and femurs were significantly shorter than at site C, 

which was of intermediate quality.   

Only two of the five markers of developmental instability differed significantly 

among fragments, one of the three fluctuating asymmetry traits and one of the two 

phenodeviant traits.  There was significantly more forewing pattern phenodeviation at the 

poor quality site, site A, than at sites B or D.  However, male forewing length asymmetry 

differed significantly only between the two intermediate quality sites.  Møller and Swaddle 

(1997) point out that the frequency of phenodeviants in a population does not represent a very 
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sensitive measure, because these abnormalities are, by definition, extremely rare in a 

population and require a large amount of stress to be expressed.  They are an “all or none” 

reaction to stress, as opposed to quantifiable fluctuating asymmetry, which is continuous.   

 The worst quality fragment appeared to have a population of bird locusts adapted for 

the poor condition, with phenodeviation and shortened forewings and femurs.  For the other 

sites, the correlation of habitat quality to bird locust traits was less well defined, as 

intermediate quality sites also had bird locust populations which were distinct 

morphologically.  Although there were some differences, populations were not completely 

distinct from each other, indicating that some movement must occur between the populations, 

but they are still more distinct than would be expected on the basis of their movement 

abilities alone.  It is unclear why the population remains at the poor quality site A instead of 

dispersing away from this fragment.  Perhaps there is a time lag similar to extinction debt and 

the population levels have yet to respond to the degradation of the habitat at this site, or 

perhaps the bird locusts benefit from some resource present at the site which was not 

measured.   

 The conservation message of this study is that natural fragments isolated within a 

drastically transformed matrix, are detrimental even for highly mobile species.  

Anthrovicariance may occur even over small spatial scales, although the trajectory of this 

process should be investigated over time.  In order to avoid this and enhance movement and 

gene flow among isolated fragments, connectivity in the form of linear corridors should be 

implemented.  Where this is not possible, then habitat quality should be optimally maintained 

within the small fragments, as this may act synergistically to fragment isolation.     
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Trait category Trait Test Test statistic 
a

p Test statistic p

Length Body length ANOVA 2.020 0.133 1.290 0.291

Pronotum length ANOVA 2.390 0.089 1.730 0.175

Tegmen length ANOVA 3.970 0.017 1.320 0.280

Hind femur length ANOVA 4.840 0.008 3.060 0.038

Tegmen length ANOVA 1.200 0.326 3.500 0.024

Hind femur length ANOVA 0.370 0.774 0.070 0.975

Tegminal pattern ANOVA 0.360 0.784 2.390 0.082

Phenodeviants Extreme pattern asymmetry Kruskal-Wallis 14.142 0.003 5.486 0.140

Hind tibial spines Chi-square 3.860 0.277 2.710 0.438

Ticks Kruskal-Wallis 20.079 0.000 33.252 0.000

Fluctuating asymmetry

Females Males

Table 6.2. Comparison of morphological traits in three categories among sites.

a
 Test statistics: ANOVA = F; Chi-Square = χ

2
; Kruskal-Wallis = H.  
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Figure 6.1. Map of EN study area in KwaZulu-Natal Province, South Africa.  Thick white 

line indicates border of timber plantation, capital letters A-D indicate the four study sites. 
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Figure 6.2. Principle components analysis plots showing site differentiation on the basis of 

ten traits described in Table 6.2 for females (i) and males (ii).  

 

(i) (ii)Legend:     
Site A

X   Site B
Site C
Site D
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Figure 6.3. Histogram of site differences for female hind femur length with overlay of 

vegetation characteristics (i); female forewing length with overlay of site context and 

isolation (ii); male hind femur length with overlay of shape index (iii); male forewing length 

asymmetry with overlay of site area (iv); and box and whisker plots of significant differences 

in tick infestation and female forewing pattern phenodeviation (v).  Error bars indicate 95% 

confidence intervals, capital letters indicate sites corresponding to Figure 6.1, and lower case 

letters indicate significantly different values at 5% level. 
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Chapter 7 

Conclusions 

 

“Any clear dichotomy between pristine ecosystems and human-altered areas that may have 

existed in the past has vanished, and ecological research should account for this reality.”   

           P.M. Vitousek 

 

A vast 1.1% of South Africa’s surface area is planted with exotic timber plantations, 

particularly in the eastern provinces of KwaZulu-Natal and Mpumalanga (DWAF 2009).  In 

the grassland and savanna biomes where these plantations are concentrated, they represent a 

major form of habitat transformation, and, overall, are detrimental to biodiversity (Jackleman 

et al. 2006).  Semi-natural habitat fragments historically remained intact throughout the 

plantations as fire breaks, office and housing complexes and road verges.  Recently, many 

additional fragments were left unplanted (without active restoration) in accordance with 

conservation legislation.  Given contemporary consumer demand for environmentally-

friendly products, forestry companies in South Africa decided to convert natural remnant 

fragments to functioning ecological networks (ENs).  Science was called upon to inform this 

process (Samways 2007; Samways et al. 2010).   

 Vegetation and faunal surveys of groups including birds, butterflies, reptiles and 

amphibians have been commissioned and have produced valuable species lists.  However, 

insects are instrumental players in all ecosystems, and data regarding their condition was 

mostly lacking (apart from that on butterflies).  Besides their contribution to ecosystem 

function, insects have also proved valuable as bioindicators in many terrestrial habitats 

(Kremen et al. 1993; McGeoch 1998; Reyers and McGeoch 2007).  Previous studies in the 

region had found that grasshoppers were sensitive to management actions such as burning, 

grazing and mowing (Rivers-Moore and Samways 1996; Chambers and Samways 1998; 

Gebeyehu and Samways 2003; Kinvig 2006), and to plantation forestry (Armstrong and van 

Hensbergen 1996; Armstrong et al. 1998).  Therefore, in this study, I made an a priori 

decision to utilize grasshoppers as an ecological indicator to determine the current state of 

South Africa’s ENs, and, if found to meet a series of important criteria (Chapters 2-4; Duelli 

and Obrist 2003a; McGeoch 2007; Fleishman and Murphy 2009), to isolate indicator species 
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for multi-scale habitat quality to be used by managers in the ongoing assessment of South 

Africa’s ENs (Chapter 5).      

Using a multiple step approach (Chapters 2-5) (McGeoch 2007), I successfully 

identified a suite of grasshoppers which can reliably be applied as ecological indicators for 

the ENs of South Africa.  ENs are, by definition, heterogeneous and highly variable both in 

terms of the management practices within them and their design.  I determined that 

grasshopper response to environmental variables was both strong and sensitive (Chapter 2), 

robust over time (Chapter 3), and among geographic regions (Chapter 4).  Grasshopper 

species richness was highly congruent to butterfly species richness across regions, showing 

that grasshopper response to EN variables was representative of at least one other taxon with 

differing life history traits, but similar resource requirements (Chapter 4).  Once having 

established the basic criteria for suitability as an ecological indicator, I applied the IndVal 

technique to identify individual grasshopper species of high indicator potential (Chapter 5). 

Throughout the process of indicator development, several overarching principles 

emerged regarding grasshopper assemblages within ENs.  Management practices explained, 

on average, approximately two-thirds of variation in species assemblages, while design 

practices explained one-third (Table 7.1).  This was true for multivariate redundancy analyses 

(RDAs) of grasshopper patch occupancy (Chapter 2) and relative abundance (Chapters 2 and 

3), canonical correspondence analysis (CCA) of relative abundance (Chapter 5), and 

Spearman’s correlations of the entire grasshopper assemblage and individual guilds (Chapter 

4).   Among these general designations, different individual variables proved most influential 

in different analyses.  Among the design variables, area, isolation, and context of a site had 

equivalent influence, while shape index and perimeter were never found to be influential.   

Among the management variables, grass height and the time elapsed since the last fire were 

consistently and strongly influential across chapters and analyses.  Proportion of bare ground 

and forbs, grazing intensity and time since restoration were somewhat influential but not 

consistently so, and heterogeneity was not found to be influential, although this may be 

related to the way in which it was measured.  The dominance of management compared with 

design is in agreement with previous, similar studies comparing local and landscape effects 

on grasshoppers (Stoner and Joern 2004; Batáry et al. 2007; Marini et al. 2008).  

Management practices affect vegetation structure and composition within patches by 

simulating succession processes.  Vegetation succession may initiate succession within 

grasshopper assemblages (Picaud and Petit 2007; Marini et al. 2009; Picaud and Petit 2009), 
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although this is probably due to vegetation structure more than composition (Jauregui et al. 

2008; Gandar 1982; Joern 2005; Marini et al. 2009).  However, the grasshopper assemblage 

was significantly influenced by landscape variables as well, indicating that grasshoppers 

respond sensitively to multiple spatial scales, making them a suitable indicator for spatially 

structured and complex ENs. 

Initially, the grasshopper assemblage was regarded as a cohesive unit.  However, 

grasshopper species differ in their resource requirements, colonization capability, and 

sensitivity to change (Chapman and Joern 1990).  Classification of grasshopper species 

composition was addressed sequentially from the assemblage as a whole, to family level 

phylogenetic patterns (Chapter 3), to guild level analysis (Chapter 4), to investigation of 

individual species (Chapter 2 – power line servitude indicators, Chapter 5 – high habitat 

quality indicators, Chapter 6 – case study of the bird locust).  Three species were found to be 

indicative of linear, heavily disturbed power line servitudes: Chrotogonus hemipterus, 

Acrotylus junodi, and Oedaleus carvalhoi (Chapter 2), and three species were indicative of 

high quality habitat: Faureia milanjica, Mesopsis laticornis, and Pnorisa sp. 1 (Chapter 5).  

The presence of nearby reference sites and power line servitudes also improved the 

functionality of the ENs.  Although species richness of grasshoppers did not differ 

significantly among the three site types (Chapter 4), reference sites housed several species 

which did not occur elsewhere (Chapter 3 and 4).  Reference sites also differed from ENs and 

servitudes in their species abundance and composition, consistently plotting somewhat 

separately in cluster analyses and multivariate analyses (Chapter 2, 3, and 5).   Power line 

servitudes proved extremely different than isolated EN patches, both in their higher level of 

disturbance and more linear design (Chapter 2) in both of the geographic regions (Chapter 5).  

Grasshoppers were more abundant in servitudes than in ENs and the assemblage consisted of 

highly mobile, generalist species, consistent with early successional colonizers (Chapter 2).  

ENs as a whole benefitted from heterogeneity provided by nearby high quality habitats 

(Duelli and Obrist 2003b) and simulated multiple successional stages (Strauss and 

Biedermann 2006). 

Is this bioindication method useful for assessment of ENs?  Managers can sample 

ENs relatively quickly by searching for the indicator species for two hours at a time per site 

every second year.  This does require some experience to recognize the species, but most are 

easily recognizable.  The method would benefit from validation over longer time scales, in 

field trials, and for cost analysis.  Additionally, the specific set of species is applicable for 
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Zululand only, and not for other regions of South Africa.  The grasshopper assemblage may 

turn over with time and the indication system should be assessed every ten years for 

relevance.   

 

Management recommendations 

On the basis of these results, I recommend that primary importance should be given to 

appropriate management of South Africa’s ENs, before alterations are made to EN design.  

Grazing by wildlife should be encouraged where possible to increase local-scale 

heterogeneity.  Where wildlife is absent, livestock should be grazed at intermediate densities.  

EN patches should be burnt every second or third year, as is already legislated, with special 

attention given to the time of year of burning.  Burning should take place in the winter to 

simulate natural processes of the region, and avoid disrupting plants and animals at key times 

during their life history.  Burning should occur rotationally and patchily throughout the EN, 

to avoid clumping of recently burnt fragments in one region of the EN.   Invasive alien 

vegetation should be intensively eradicated. 

 Habitat fragments should be as large as possible and as connected as possible.  Effort 

should be made to implement corridors to connect between isolated fragments.  However, 

where this is not possible, at least one fragment should be selected, roughly in the center of 

the EN, to serve as a conservation area.  This fragment should be enlarged and managed 

optimally to increase its potential of housing source populations of organisms for 

colonization of other isolated patches, as semi-natural habitat islands have proven to be 

beneficial as source populations (Duelli and Obrist 2003b).  Additional connectivity in the 

form of habitat corridors or stepping stones should radiate out from this focal fragment or 

connect between the nearest reserve area and the focal fragment.     

 I recommend occasional faunal surveys of insects be included to complement 

vegetation, herpetological and avian surveys, as they clearly provide information which 

would otherwise be missed, and are an important constituent of biodiversity.  Grasshopper 

surveys should occur every other year in the late summer, and managers should actively seek 

the three indicator species of high habitat quality.  Amendments can be made to the indication 

system as seen fit with increased experience by managers or field technicians (see future 

research below).  Once every ten years, an in-depth grasshopper survey should be undertaken 

with equivalent methods to those described in this thesis, to re-evaluate the most appropriate 
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indicator species, as assemblages may turnover as often as every eleven years (Margules et al. 

1994). 

 

Implications for global ENs 

Although ENs differ extensively in context, purpose and implementation, such a large-scale, 

all-encompassing approach to mitigation of habitat loss can be extremely beneficial when 

compared with the alternative of wall-to-wall agriculture and urbanization.  However, ENs 

are not nature reserves, and should not be treated as such.  They are subject to many more 

stresses than reserves which have large, self-regulating core habitats.  I caution that ENs 

should not be built and then abandoned, but should be actively monitored, managed and 

altered, including eradication of undesired species and even restoration and reintroduction of 

extirpated species.  Movement of most organisms is inherently impeded within ENs 

(although the rates vary substantially between organisms and depending on the degree of 

contrast of matrix and fragment, structure of the EN, etc.), and should therefore be actively 

encouraged.  With input of targeted measures to benefit biodiversity, ENs can be coaxed to 

provide much needed water, pollination and other ecosystem services.   

 Patch-level investigations of individual EN fragments are ominous.  However, ENs 

are landscape-scale constructs, and biodiversity within them must be viewed from a 

landscape perspective. ENs should be managed and designed to incorporate maximal 

heterogeneity and high habitat quality at the landscape scale, and to simulate naturally-

occurring mosaics.  Where only small habitat fragments are available, high habitat quality 

can ensure that even these fragments support populations of organisms.   

 EN management should target multiple trophic levels, and not only charismatic 

species.  Terrestrial insect herbivores are important for ecosystem function, highly abundant 

and are very promising as ecological indicators.  Ecological indicators should be developed 

for ENs globally and assessed complementarily to easily quantifiable measures such as soil 

moisture and vegetation, to ensure optimal monitoring and assessment capabilities of ENs.  

Each EN has different requirements and traits.  Active assessment and management can be 

costly and time-consuming, but as suggested by the results of this study, the potential benefits 

are numerous and should be legislated and enforced. 
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Future research 

Empirical research should continue to examine species dynamics within and utilization of 

ENs.  Comparison of multiple taxa across different ENs may illuminate patterns of EN 

utilization and thresholds for effectiveness.  Additionally, with the current definition of ENs, 

it is difficult to say where one EN stops and the next begins, as essentially every landscape 

can be viewed as a continuous mosaic of semi-natural and degraded habitat.  For instance, an 

individual timber plantation with its associated ENs may be managed as an independent unit, 

although, in reality, its functioning is reliant upon the management of all surrounding ENs as 

well.  EN management should be cooperative and consistent at the landscape scale, and 

terminology should be honed to reflect this need. 

 Conservation practitioners should be trained in regards to the ecological indicator 

developed in this study.  The indicator should be tested in the field and revised as necessary. 

Additionally, as insect assemblages turn over naturally over time, the method should be 

revisited at regular intervals and its utility continually assessed.   

 Due to the fragmentation inherent in ENs, extinction debt may be at play.  Nothing is 

known of species dynamics within ENs over longer time scales like decades and centuries.  

Assessment of EN effectiveness for the long term will rely heavily on repeated measures of 

the same factors, which should begin now.  Studies of this type will also shed light on 

possible benefits of ENs in climate change scenarios.  



CHAPTER 7: CONCLUSIONS 182 

 

T
o
ta

l

G
ra

z
in

g
 

in
te

n
si

ty

S
ea

so
n
 

o
f 

fi
re

L
as

t 
b
u
rn

 

ev
e
n
t

R
e
st

o
-

ra
ti
o
n

F
o
rb

s

B
a
re

 

g
ro

u
n
d

H
e
te

ro
-

g
en

ei
ty

G
ra

ss
 

h
ei

g
h
t

T
o
ta

l

D
is

ta
n
c
e 

to
 

re
fe

re
n
ce

Is
o
la

ti
o
n

 c
C

o
n
te

x
t 

b

S
h

ap
e
 

in
d

ex
 

A
re

a
P
e
ri

m
e
te

r

O
cc

u
p
a
n
c
y
 (

O
) 

o
r 

A
b
u
n
d
a
n
c
e 

(A
) a

O
+
A

A O A

T
es

t

R
e
d
u
n
d
a
n
c
y
 a

n
a
ly

si
s 

(R
D

A
)

R
e
d
u
n
d
a
n
c
y
 a

n
a
ly

si
s 

(R
D

A
)

S
p
ea

rm
an

's
 c

o
rr

e
la

ti
o
n

C
a
n
o
n
ic

a
l 
c
o
rr

e
sp

o
n
d
e
n
c
e 

an
al

y
si

s 
(C

C
A

)

C
h
ap

te
r 2 3 4 5

T
ab

le
 7

.1
. 
S
e
m

i-
q
u

an
ti
ta

ti
v
e
 s

u
m

m
ar

y
 o

f 
e
n
v
ir

o
n
m

e
n
ta

l 
v
ar

ia
b
le

 p
er

fo
rm

a
n
c
e 

am
o
n
g

 c
h
ap

te
rs

. 
 B

a
r 

th
ic

k
n
es

s 
re

p
re

se
n

ts
 a

v
e
ra

g
e
 r

e
la

ti
v
e
 i
m

p
o
rt

an
c
e
 o

f 
v
a
ri

a
b
le

 i
n

 a
ll
 a

n
a
ly

se
s 

o
f 

th
e
 c

h
a
p
te

r.

a  
W

h
er

e
 o

cc
u
p
a
n
cy

 a
n
d
 a

b
u
n

d
an

c
e
 w

e
re

 u
se

d
, 
re

su
lt

s 
w

e
re

 a
v
e
ra

g
e
d
. 

b
 A

re
a 

o
f 

in
d
ig

e
n
o
u
s 

fo
re

st
 w

it
h
in

 b
u
ff

e
r 

z
o
n
e
 s

u
rr

o
u
n
d
in

g
 s

it
e
.

c  
A

re
a
 o

f 
E

N
 w

it
h
in

 b
u
ff

er
 z

o
n
e 

su
rr

o
u

n
d
in

g
 s

it
e.

  

D
es

ig
n

M
a
n
ag

e
m

en
t



CHAPTER 7: CONCLUSIONS 183 

 

References 

Armstrong AJ, Benn G, Bowland AE, Goodman PS, Johnson DN, Maddock AH, Scott-Shaw 

CR (1998) Plantation forestry in South Africa and its impacts on biodiversity. S Afr 

Forest J 182:59-65 

Armstrong AJ, van Hensbergen HJ (1996) Impacts of afforestation with pines on 

assemblages of native biota in South Africa. S Afr Forest J 175:35-42 

Batáry P, Orci KM, Báldi A, Kleijn D, Kisbenedek T, Erdős S (2007) Effects of local and 

landscape scale and cattle grazing intensity on Orthoptera assemblages of the 

Hungarian Great Plain. Basic App Ecol 8:280-290. doi: 10.1016/j.baae.2006.03.012 

Chambers BQ, Samways MJ (1998) Grasshopper response to a 40-year experimental burning 

and mowing regime, with recommendations for invertebrate conservation 

management. Biodivers Conserv 7:985-1012 

Chapman RF, Joern A (1990) Biology of grasshoppers. Springer, New York City 

Duelli P, Obrist MK (2003a) Biodiversity indicators: the choice of values and measures. Agr 

Ecosyst Environ 98:87-98 

Duelli P, Obrist MK (2003b) Regional biodiversity in an agricultural landscape: the 

contribution of seminatural habitat islands. Basic App Ecol 4:129-138 

DWAF (Department of Water Affairs and Forestry) (2009) Abstract of South African forestry 

facts for the year 2007/2008. Forestry South Africa, Pietermaritzburg, South Africa, 

Available at: http://www2.dwaf.gov.za/webapp/Documents/FSA-Abstracts2009.pdf 

Fleishman E, Murphy DD (2009) A realistic assessment of the indicator potential of 

butterflies and other charismatic taxonomic groups. Conserv Biol 23:1109-1116. doi: 

10.1111/j.1523-1739.2009.01246.x 

Gandar MV (1982) The dynamics and trophic ecology of grasshoppers (Acridoidea) in a 

South African savanna. Oecologia 54:370-378 

Gebeyehu S, Samways MJ (2003) Responses of grasshopper assemblages to long-term 

grazing management in semi-arid African savanna. Agr Ecosyst Environ 95:613-622 

Jackleman J, Wistebaar N, Rouget M, Germishuizen S, Summers R (2006) An assessment of 

the unplanted forestry land holdings in the grassland biome of Mpumalanga, 

KwaZulu-Natal and the Eastern Cape.  Grasslands: living in a working landscape. 

Report no. 8. South African National Biodiversity Institute, Grasslands Programme, 

Pretoria 



CHAPTER 7: CONCLUSIONS 184 

 

Jauregui BM, Rosa-Garcia R, Gracia U, WallisDe Vries MF, Osoro K, Celaya R (2008) 

Effects of stocking density and breed of goats on vegetation and grasshopper 

occurrence in heathland. Agr Ecosyst Environ 123:219-224. doi: 

10.1016/j.agee.2007.06.004 

Joern A (2005) Disturbance by fire frequency and bison grazing modulate grasshopper 

assemblages in tallgrass prairie. Ecology 86:861-873 

Kinvig R (2006) Biotic indicators of grassland condition in KwaZulu Natal with management 

recommendations. University of KwaZulu-Natal, Pietermaritzburg, PhD Dissertation 

Kremen C, Colwell RK, Erwin TL, Murphy DD, Noss RF, Sanjayan MA (1993) Terrestrial 

arthropod assemblages: their use in conservation planning. Conserv Biol 7:796-808 

Margules CR, Nicholls AO, Usher MB (1994) Apparent species turnover, probability of 

extinction and the selection of nature reserves - a case study of the Ingleborough 

Limestone Pavements. Conserv Biol 8:398-409 

Marini L, Fontana P, Battisti A, Gaston KJ (2009) Response of orthopteran diversity to 

abandonment of semi-natural meadows. Agr Ecosyst Environ 132:232-236. doi: 

10.1016/j.agee.2009.04.003 

Marini L, Fontana P, Scotton M, Klimek S (2008) Vascular plant and Orthoptera diversity in 

relation to grassland management and landscape composition in the European Alps. J 

Appl Ecol 45:361-370. doi: 10.1111/j.1365-2664.2007.01402.x 

McGeoch MA (1998) The selection, testing and application of terrestrial insects as 

bioindicators. Biol Rev 73:181-201 

McGeoch MA (2007) Insects and bioindication: theory and progress. In: Stewart AJA, New 

TR, Lewis OT (eds) Insect conservation biology. CABI, Wallingford, UK, pp 144-

174 

Picaud F, Petit D (2009) Body size, sexual dimorphism and ecological succession in 

grasshoppers. J Orthoptera Res 18:137 

Picaud F, Petit DP (2007) Primary succession of Acrididae (Orthoptera): Differences in 

displacement capacity in early and late colonizers of new habitats. Acta Oecologica 

32:59-66. doi: 10.1016/j.actao.2007.03.005 

Reyers B, McGeoch MA (2007) A biodiversity monitoring framework for South Africa: 

progress and directions. S Afr J Sci 103:295-300 

Rivers-Moore NA, Samways MJ (1996) Game and cattle trampling, and impacts of human 

dwellings on arthropods at a game park boundary. Biodivers Conserv 5:1545-1556 



CHAPTER 7: CONCLUSIONS 185 

 

Samways MJ (2007) Implementing ecological networks for conserving insect and other 

biodiversity. In: Stewart AJA, New TR, Lewis OT (eds) Insect conservation biology. 

CABI, Wallingford, UK, pp 127-143 

Samways MJ, Bazelet CS, Pryke JS (2010) Provision of ecosystem services by large scale 

corridors and ecological networks. Biodivers Conserv 19:2949-2962. doi: 

10.1007/s10531-009-9715-2 

Stoner KJ, Joern A (2004) Landscape vs. local habitat scale influences to insect communities 

from tallgrass prairies remnants. Ecol Appl 14:1306-1320 

Strauss B, Biedermann R (2006) Urban brownfields as temporary habitats: driving forces for 

the diversity of phytophagous insects. Ecography 29:928-940 

Vitousek PM (1994) Beyond global warming: ecology and global change. Ecology 75:1861-

1876 

 

 

 



 186 

 

 

Region Plantation Sites Site type Latitude Longitude 2007 2008 Chap. 2 Chap. 3 Chap. 4 Chap. 5 Chap. 6

Zululand Kwambonambi KC REF -28.61814 32.19896 + + A_REF KC REF1 D

K1 PLS -28.64027 32.20540 + A_PLS1 K1

K2 PLS -28.62632 32.18474 + + A_PLS2 K2

K3 EN -28.64262 32.18069 + A1 K3 A1 C

K4 EN -28.64570 32.17881 + + A2 K4 A2

K5 PLS -28.65271 32.16033 + + A_PLS3 K5

K6 EN -28.65766 32.16490 + + A3 K6 A3

K7 EN -28.66096 32.16748 + + A4 K7 A4 B

K8 EN -28.68286 32.17586 + + A5 K8 A5 A

K9 EN -28.63185 32.18994 + A6

K10 EN -28.63265 32.19357 + A7

Dukuduku D1 EN -28.35497 32.25235 + + B1 -8 D1 B1

D2 EN -28.35450 32.25648 + + B2 -7 D2 B2

D3 EN -28.33516 32.27186 + + B3 -6 D3 B3

D4 EN -28.34201 32.26322 + + B4 -5 D4 B4

D5 EN -28.33475 32.29162 + + B5 -4 D5 B5

D6 EN -28.32613 32.28192 + + B6 -3 D6 B6

D7 EN -28.32462 32.33692 + + B7 -2 D7 B7

D8 EN -28.32539 32.34296 + + B8 -1 D8 B8

D9 EN -28.31399 32.29538 + B9

D10 EN -28.30466 32.34400 + B10

Nyalazi NC REF -28.24046 32.39640 + + C_REF REF NC REF2

N1 EN -28.12200 32.41025 + + C1 6 N1 C1

N2 EN -28.12377 32.40609 + + C2 5 N2 C2

N3 EN -28.16967 32.39627 + + C3 4 N3 C3

N4 EN -28.17783 32.38973 + + C4 3 N4 C4

N5 EN -28.20162 32.39120 + + C5 2 N5 C5

N6 EN -28.24027 32.36078 + + C6 1 N6 C6

N7 PLS -28.12919 32.40944 + + C_PLS1 N7

N8 PLS -28.22300 32.37803 + + C_PLS2 N8

N9 EN -28.23068 32.36710 + C7

N10 EN -28.21017 32.37243 + C8

Midlands Gilboa GC REF -29.275267 30.2792 + GC

G1 EN -29.245483 30.290417 + G1

G2 PLS -29.237733 30.278917 + G2

G3 PLS -29.250133 30.343133 + G3

G4 EN -29.251517 30.319367 + G4

G5 PLS -29.24315 30.301617 + G5

G6 PLS -29.2213 30.292567 + G6

G7 PLS -29.252639 30.329972 + G7

TOTAL 26 15 34 27 4

Appendix A. Complete site list and clarification of site names use d in each chapter. 

GPS Sampled in Site name used in each chapter



 187 

 

  

Gilboa

2007 2008 2007 2008 2007 2008 2008 TOTAL

Pamphagidae

Lamarckiana nasuta  (Saussure, 1887) 0 0 0 0 1 0 0 1

Pyrgomorphidae

Atractomorpha acutipennis  (I. Bolivar, 1884) 8 1 0 0 4 14 0 27

Chrotogonus hemipterus  Schaum, 1853 3 37 4 1 0 7 0 52

Maura rubroornata  (Stal, 1855) 0 0 0 0 0 0 1 1

Phymateus viridipes Stal, 1873 0 6 0 1 1 3 0 11

Taphronota calliparea  (Schaum, 1853) 0 1 0 0 0 0 0 1

Zonocerus elegans  (Thunberg, 1815) 1 0 0 0 1 0 0 2

Lentulidae

Basutacris minuta  Brown, 1962 0 0 0 0 0 0 3 3

Dirshia abbreviata Brown, 1962 0 0 0 0 0 0 1 1

Eremidium basuto  Brown, 1962 0 0 0 0 0 0 2 2

Lentula obtusifrons Stal, 1878 0 0 0 0 0 0 21 21

Paralentula marcida Rehn, 1944 0 0 0 2 0 0 0 2

Qachasia fastigiata Dirsh, 1956 0 0 0 0 0 0 2 2

Sygrus rehni  Dirsh, 1956 0 0 0 2 0 1 0 3

Acrididae

Acridinae

Acrida  sp. 7 22 21 18 30 21 112 231

Cannula gracilis Burmeister, 1838 8 27 6 32 18 37 0 128

Coryphosima stenoptera  (Schaum, 1853) 35 78 17 51 46 83 227 537

Orthochtha  sp.1 2 11 0 0 0 0 65 78

Orthochtha  sp.2 0 0 0 0 0 0 1 1

Orthochtha sp.3 0 0 0 0 0 0 3 3

Orthochtha  sp.4 9 29 79 65 74 97 8 361

Orthochtha  sp.5 0 0 0 0 0 0 1 1

Odontomelus sp.1 8 9 0 15 12 59 0 103

Odontomelus zulu  Jago, 1994 0 0 2 13 0 0 0 15

Machaeridia conspersa  I. Bolivar, 1889 0 0 0 0 5 0 1 6

Parga xanthoptera  (Stal, 1855) 0 3 0 0 1 0 0 4

Oedipodinae

Acrotylus junodi  Schulthess, 1899 0 67 8 0 0 7 0 82

Aiolopus meruensis Sjostedt, 1909 2 3 2 2 3 10 2 24

Conipoda pallida  (Walker, 1870) 1 0 0 0 0 0 0 1

Gastrimargus africanus  (Saussure, 1888) 1 0 1 0 2 1 6 11

Gastrimargus crassicollis  (Saussure, 1888) 2 0 4 2 4 2 0 14

Gastrimargus drakensbergensis  Ritchie, 1982 0 0 0 0 0 0 90 90

Heteropternis couloniana (Saussure, 1884) 0 0 0 0 0 0 8 8

Heteropternis guttifera  Kirby, 1902 1 0 0 0 0 0 1 2

Heteropternis  sp.1 0 0 0 0 1 0 0 1

Humbe tenuicornis Schaum, 1853 0 0 3 1 1 4 0 9

Morphacris fasciata  (Thunberg, 1815) 2 1 3 0 3 6 0 15

Oedaleus carvalhoi I. Bolivar, 1889 29 180 3 1 0 95 0 308

Paracinema tricolor (Thunberg, 1815) 0 3 3 2 6 3 38 55

Scintharista rosacea (Kirby, 1902) 0 0 0 0 0 0 15 15

Trilophidia conturbata  (Walker, 1870) 0 0 0 0 0 0 3 3

Species

Kwambonambi Dukuduku Nyalazi

Appendix B. Complete grasshopper (Orthoptera: Acridoidea) species list.
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Gilboa

2007 2008 2007 2008 2007 2008 2008 TOTAL

Gomphocerinae

Anablepia pilosa  Uvarov, 1953 0 0 0 0 0 0 20 20

Brachycrotaphus tryxalicerus  Fischer de 

Waldheim, 1853 0 0 0 0 0 1 0 1

Crucinotacris cruciata  (Bolivar, 1912) 0 4 0 0 1 32 0 37

Diablepia viridis Kirby, 1902 3 12 6 6 4 7 0 38

Faureia milanjica  (Karsch, 1896) 12 14 0 0 0 0 0 26

Mesopsis laticornis   (Krauss, 1877) 0 2 0 1 9 4 0 16

Pnorisa  sp.1 0 4 0 0 6 1 0 11

Catantopinae

Anthermus granosus  Stal, 1878 0 0 0 1 0 0 0 1

Catantops australis  Jago, 1984 0 0 0 0 0 0 3 3

Catantops ochthephilus  Jago, 1984 22 23 0 3 0 1 0 49

Catantops  sp.1 0 0 2 0 0 0 0 2

Catantops  sp.2 0 0 1 0 0 0 0 1

Catantops  sp.3 0 0 1 0 0 0 0 1

Digrammacris bifidus  (Karsch, 1896) 0 0 1 0 2 0 0 3

Eupropacris fumida  (Walker, 1870) 0 0 0 0 0 0 1 1

Phaeocatantops sulphureus  (Walker, 1870) 0 0 3 0 0 0 0 3

Vitticatantops maculatus  (Karny, 1907) 2 7 1 3 1 0 0 14

Euryphyminae

Calliptamicus semiroseus  Serville, 1838 0 0 0 0 0 0 19 19

Eyprepocnemidinae

Cataloipus  sp.1 1 2 3 0 3 1 0 10

Eyprepocnemis calceata  (Serville, 1838) 0 0 0 0 0 0 31 31

Heteracris drakensbergensis  Grunshaw, 1991 0 0 0 0 0 0 7 7

Heteracris sp.1 0 0 0 1 0 0 0 1

Heteracris sp.2 0 0 0 0 0 0 1 1

Tylotropidius didymus (Thunberg, 1815) 3 0 3 38 3 15 0 62

Cyrtacanthacridinae

Cyrtacanthacris aeruginosa  (Stoll, 1813) 0 0 0 0 1 0 0 1

Cyrtacanthacris tatarica  (Linnaeus, 1758) 0 0 1 0 0 0 0 1

Ornithacris cyanea (Stoll, 1813) 20 6 2 0 1 0 0 29

Coptacridinae

Eucoptacra turneri  Miller, 1932 0 0 0 18 3 1 0 22

Oxyinae

Oxya glabra  (Ramme, 1929) 0 0 0 0 0 1 0 1

Tropidopolinae

Petamella prosternalis  (Karny, 1907) 4 0 0 5 6 7 0 22

Tristria discoidalis  I. Bolivar, 1890 3 18 2 8 1 13 0 45

Spathosterninae

Spathosternum nigrotaeniatum (Stal, 1876) 3 6 0 0 0 0 66 75

Appendix B. (continued)
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Abstract Large scale landscape transformation and contingent habitat loss are among the

greatest threats to ecological integrity and ecosystem health. One of the mitigation

approaches used to deal with these pressures is to leave interconnected corridors and nodes

as remnant ecological networks (ENs) within the transformed landscape. The South

African forestry industry has already allocated 500,000 ha, one-third of the plantation

holdings, consisting predominantly of natural grassland, as ENs among and within timber

plantations. These ENs are intended to maintain structural, compositional and functional

biodiversity. However, little scientific research is available on the effectiveness of these

huge ENs for biodiversity conservation and maintenance of natural ecosystem function,

although initial findings are encouraging. While the local adverse effect of alien plantation

trees on functional biodiversity is not in dispute, it is at the scale of the whole landscape

where there is much interest in determining how effective these ENs are in maintaining the

untransformed portion of the transformed landscape in a close-to-natural state. As these

ENs are extensive, species beta diversity is a consideration in addition to alpha diversity.

Initial findings reveal diminished ecological integrity in narrow corridors due in part to the

adverse edge effect from the alien trees into the margin of the EN. Quality of the ENs is of

great importance for maintaining functional diversity, with human disturbance reducing

their effectiveness. First findings, and their application to the Framework for Ecosystem

Service Provision, suggest that these ENs are significant for biodiversity conservation and

for provision of ecosystem services. Nevertheless, still much more research is required on a

greater range of taxa, and their interactions, to improve the design of these ENs for

ecological and evolutionary processes.
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Introduction

Creative management approaches are required to avert further loss of biodiversity and to

maintain the functional integrity of ecosystems (MA 2005). Ensuring connectivity between

habitat patches for organism dispersal is important for mitigating loss of habitat and for

reducing the effects of isolation of remnant habitat patches (Fahrig 2003). Connectivity

may be in the form of a physical linkage, or corridor (Bennett 1999). Such corridors are

now being built into landscape design for biodiversity conservation in urban and agri-

cultural contexts (Smith and Hellmund 1993; Burel and Baudry 1995; Rosenberg et al.

1997; Jongman and Pungetti 2004; Nasi et al. 2008). This approach is based on consid-

erable theoretical discussion of the value of corridors (Forman 1995; Bennett 1999;

Chetkiewicz et al. 2006; Hilty et al. 2006), and their practical value (Jongman 1995;

Boitani et al. 2007).

A corridor has several functions for a species, which may vary from one species, and

even morph, to another. A conduit for one may be a barrier for another, which may vary

seasonally or according to a disturbance factor such as fire. In turn, different corridors in

any one geographical area may have slightly different functions for the same suite of

species.

Corridors may be relatively simple to define, say, as movement corridors for a focal

species (Hilty et al. 2006). However, when overall biodiversity is being conserved,

inherent biological complexity of whole ecosystems becomes a major consideration. In

short, no one corridor will necessarily benefit all ecological integrity, nor all natural

ecosystem functions. Corridors may also have ‘negative’ effects, by providing pathways

for predators or pathogens. Conceptually, it is useful to know to what extent corridors

within a transformed matrix can maintain biodiversity and whether they are sustaining the

properties of dynamic ecosystems (i.e. durable, robust, stable and resilient; Dawson et al.

2009). Furthermore, with increasing demand for understanding the function and dynamics

of socio-ecological systems (Rounsevell et al. 2009), we can apply conceptual frameworks

which help define and structure those variables which are important for the sustainable

management of corridors.

Two conceptual guidelines can serve as starting points in deciding what a corridor

should accomplish:

Firstly, the landscape can be envisaged as a large continuous piece of land. The ideal,

and perhaps theoretical, outcome from instigating a corridor within the transformed matrix

(i.e. an alien timber plantation) would be where the corridor contains the same biodiversity

and provides the same functions as a similar-dimensioned array of land in an untrans-

formed matrix such as a neighbouring reserve (Fig. 1).

Secondly, Hess and Fisher (2001) provide a very useful conceptual framework for

corridors based on six ‘functions’ or attributes: (1) conduit (2) habitat (3) filter (4) barrier

(5) source, and (6) sink. These functions may not be mutually exclusive, and depend on

which species, even which morph or ecotype, is being considered, on the spatial scale

being stipulated, and over a particular time scale. A focal corridor should be defined in

terms of these functions, in relation to the focal species, or community. Generally, the aim

of a functioning corridor is to promote the attributes of conduit, habitat and source, and not

the other attributes.

Improving connectivity for all species in an area, and their interactions under varying

weather and climatic conditions, as well as maintaining long term evolutionary advantage,

is a challenging task. One way to tackle this complexity and its variation over time is to

establish a network of corridors, with the addition of nodes where they interconnect and
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with inclusion of particular landscape features or ecosystems (e.g. a hilltop, natural forest

patch, or a wetland, in a grassland corridor). Such networks of corridors and nodes, and

where possible, buffer zones (Jongman and Pungetti 2004) are referred to as ecological

networks (ENs) (Fig. 2). While these are essentially at the landscape spatial scale, they can

also be joined to form an extensive regional network.

ENs are more than simply a set of corridors. They have emergent properties and

functions beyond those of a set of corridors, and are used to improve the persistence of a

wide range of populations and can be used to stem the loss of biodiversity across an

extensive landscape. However, there is a conceptual dilemma surrounding ENs. They are a

structural component of the landscape yet they are intended to provide a function: that of

conservation of compositional, structural and functional biodiversity. Whether they suc-

ceed in this should not be assumed, but rather measured scientifically. One approach for

doing this, while at the same time taking into consideration socio-ecological systems, is by

applying the Framework for Ecosystem Service Provision (FESP) (Rounsevell et al. 2009,

this volume).

We examine here the possible value of the FESP framework for practical conservation

using results from corridors and ENs in South Africa.

Historical context of ENs in South Africa

The ENs are scattered throughout the afforested areas of eastern South Africa. However,

not all the plantations currently have ENs, but the proportion of afforested areas supporting

them is increasing. ENs provide an opportunity for determining the extent to which this EN

design feature fulfills a functional purpose, and whether it is a good model for extrapo-

lation to other areas of the world.

The first large scale, exotic plantation forests were established in South Africa in the

1890s (Tewari 2001) in response to the insufficient natural wood sources in the country

(the forest biome covers only 0.02% of South Africa’s land surface area (Mucina and

Rutherford 2006)). The majority of suitable land for forestry is within Mpumalanga and

Fig. 1 A conceptual diagram showing the functional approach being used to introduce large scale corridors
in South Africa. The corridor is considered not just simply a linear landscape element in a disturbed
afforested landscape (a), but a functional section of an extensive natural landscape (b) (hatched areas
represent a transformed landscape, plants a natural untransformed area). Nodes within the ecological
network, as well as adjacent to natural reserves, are part of this landscape-to-regional scale approach. The
question is whether, in reality, this is the case. Research to date shows that it is, provided the corridors are at
least 250 m wide
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KwaZulu-Natal (KZN) provinces, within the severely threatened grassland, wetland and

indigenous forest biomes (Eeley et al. 2002; Neke and du Plessis 2004; DWAF 2006), and

in an El Niño-prone area where there is indication of evolutionary adaptations at least by

insects to such climatic events.

Today, this timber industry occupies 1.8 million ha, or 1.5% of the surface area of the

country (DWAF 2006). Of this, 1.3 million ha are planted to alien Eucalyptus, Acacia and

Pinus species (Kirkman and Pott 2002). A further 500,000 ha are maintained mostly as

conservation areas of protected grassland, wetland and indigenous forest, but also with

some firebreaks, power lines and vehicle tracks. On average, one-third of a given plantation

remains unplanted to timber, and it is these unplanted areas which form the ENs of

interconnected corridors, nodes and special landscape features, especially hilltops and

wetlands (Fig. 3) (Kirkman and Pott 2002; Samways 2007a, b).

In the mid-1990s, and in anticipation of global consumer demand for products that are

produced in a biodiversity and socio-economically friendly way, the large forestry

Fig. 2 A conceptual diagram illustrating the emergent properties (over simply corridors) of large-scale
ecological networks (ENs) designed to function like the equivalent and adjacent natural reserve area. The
EN here is set in the context of afforestation with alien plantation trees. ENs are much more than just a set of
corridors. They include nodes which are extensive areas, often at the intersection of large corridors (habitat
corridors), special ecosystems (such as wetlands and marshlands), special features (such as outcrops), while
enabling natural ecosystem functioning such as water catchment and run off. Small corridors, which may for
example be power line servitudes or timber vehicle tracks are a necessary part in the whole design, and yet
can also function as movement corridors. The plantation tree patches inevitably have an edge zone which
tends to be impoverished in biodiversity compared to the interior of the large, habitat corridors.
Hydromorphic soils are not planted to improve overall hydrology. In one of the most advanced of the ENs in
South Africa, at iSimangaliso World Heritage Site, the fence between the reserve area and the adjacent EN
has been taken down, allowing game animals, even elephant and white rhino, to wander throughout the area
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companies with markets in Europe began to seek certification. By 1995, both Mondi and

Sappi, the largest private growers in South Africa, had implemented ISO 14001 or Forest

Stewardship Council (FSC) international standards (Kirkman and Pott 2002). The FSC is a

stakeholder-owned, non-profit organization which accredits private companies around the

world to conduct the FSC certification process on sustainable forestry and annual audits

(FSC 1996).

Today, forestry is the single most regulated land use in South Africa (DWAF 2006). The

Department of Water Affairs and Forestry (DWAF) oversees all plantations, and in 2005,

began to implement the Principles, Criteria, Indicators and Standards (PCIs) which were

provisioned for by the National Forests Act of 1998 (Lawes et al. 1999). The PCIs stipulate

documentation and monitoring of the known rare, threatened and endemic species of an

area, forest layer integrity, rehabilitation of degraded forests, mitigation of water pollution,

and water quality assessments (DWAF 2005). In addition to these mandatory steps, many

forestry companies, particularly the large corporations, voluntarily certify their plantations

through the FSC to maintain their biodiversity conservation bona fide. Certification by the

FSC requires annual environmental impact assessments of indigenous forests and wetlands

within a plantation (FSC 1996).

Neither DWAF nor the FSC regulate all plantations within grasslands (Jackelman et al.

2006). National FSC standards are being written at present to rectify this loophole. They

aim to include small and medium growers, as well as the large-scale operations which do

comply, and to cover all growers, even those who do not export their products to Europe.

Issues of spatial scale: the small and the large

Spatial scale plays a crucial role in determining the efficacy of ENs for biodiversity

conservation. An organism’s ability to utilize an EN depends on its specific habitat

requirements and mobility, as well as the geographic extent of the EN. Similarly, studies to

Fig. 3 A portion of the 500,000 ha grassland ecological networks already instigated in South Africa as a
biodiversity mitigation measure for commercial forestry
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determine the efficacy of ENs, must choose an appropriate spatial scale depending on the

research question being asked (see also Brockerhoff et al. 2008). Since the ENs are so

extensive, species beta diversity must also be taken into account. For example, Pryke and

Samways (2001) undertook an intensive survey of butterflies inside versus outside ENs

adjacent to a large reserve area. While the ENs lacked two species of butterfly that were in

the reserve area, the ENs in turn had two other species that were not inside the reserve.

Thus, for these butterflies the functions of habitat and source vary as much across ENs as

they do across extensive natural landscapes.

At the very small, local scale, the landscape can be envisioned as adjacent, individual

patches of plantation and natural vegetation (e.g. grassland, wetland or indigenous forest).

At this scale, plantation forestry (i.e. stands of alien trees) has been shown to be highly

detrimental to biodiversity (Samways and Moore 1991; Armstrong and van Hensbergen

1994, 1996; Armstrong et al. 1998; Pryke and Samways 2009). Yet, within ENs, and at the

same spatial scale, and in contrast to the plantation patches, an equivalent patch of remnant

natural grassland is rich in local biodiversity.

Then there is the other extreme of the very large regional or national spatial scale. While

providing interesting information on the overall current state of timber-planted grassland,

this very large spatial scale is often too coarse to see finer scale population patterns. Allan

et al. (1997), working at the regional scale, found that grassland bird species diversity was

negatively correlated with extent of afforestation. At the national scale, Reyers et al.

(2001) found that plantation forestry was the largest threat to three out of ten vegetation

types of highest conservation priority in South Africa. Neke and du Plessis (2004) noted

that 3.3% of the grassland biome, regions containing the highest species richness of

grassland birds, as well as rare, threatened and endemic birds, had been transformed by

plantation forestry. However, all these studies included in their analyses the additional and

extensive plantations that did not incorporate ENs. These large-scale figures do not real-

istically consider the intermediate, landscape-scale conservation approaches, i.e. where

ENs have been instituted.

Ecological networks and ecosystem services

Rounsevell et al. (2009) describe a framework for consolidating knowledge on the effects

of various drivers of change on ecosystem services (the Framework for Ecosystem Service

Provision; FESP). The framework is based on an integration of three existing concepts: the

Drivers-Pressures-State-Impact-Response framework (DPSIR; EEA 1995), the concept of

Socio-Ecological Systems (SES; Berkes and Folke 1998) and the Service Providing Unit

concept (SPU; Luck et al. 2003, 2009). If ENs are considered to provide the service of

biodiversity conservation, then application of the FESP to large-scale ENs in South African

plantation forestry can help to define and understand the dynamics and interactions

between relevant socio-ecological systems (Fig. 4).

We now dissect and assess the impacting forces in and around ENs, and explore the

FESP conceptual basis for implementation of high-quality ENs. In addition to the global

economy which dictates the price of timber, and the growing wood requirements of an

increasing human population, the exogenous Drivers which effect change on these timber

production landscapes are environmental regulations, both mandatory, such as those

enforced by DWAF, and voluntary, such as FSC certification.

There are numerous endogenous Pressures within the timber production landscape,

affecting the internal environment, biodiversity, and socio-ecological systems. For
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instance, forestry leads to altered soil chemistry and depletion of groundwater which

exacerbate existing Pressures on already stressed systems (Armstrong and van Hensbergen

1996). The change from indigenous grassland to alien plantation forest (Neke and du

Plessis 2004), the extent of conversion (Armstrong and van Hensbergen 1996) and the

resulting habitat loss and fragmentation (Fahrig 2003) are all Pressures. The timber pro-

duction landscape is situated in a fire-prone area (some 10 lightning strikes/year/km2) and

fire can be an endogenous, ‘positive’ Pressure which shapes the natural biotic communities

when used at the correct frequencies and time of year. Exclusion of fire is a ‘negative’

Pressure (in the context of maintaining indigenous grassland) which leads to seral suc-

cession to woodland and enables invasion by alien plants into the ENs, further shaping the

system from within.

Fig. 4 Application of the Framework for Ecosystem Service Provision (FESP) (see Rounsevell et al. 2009)
to the provision of ecosystem services by the extensive ecological networks (ENs) in and among South
African plantation forestry
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The State which results from the combined action of the Drivers and Pressures on two-

thirds of the timber production landscape (the plantation patches), is generally an inhos-

pitable, unnatural land use, containing impoverished biodiversity. For example, pine

plantations have a proven deleterious effect on a variety of taxa such as grasshoppers

(Samways and Moore 1991) birds and small mammals (Armstrong and van Hensbergen

1994, 1995). Furthermore, the ‘hard edge’ of timber adjacent to grassland causes severe

edge effects for butterflies (Pryke and Samways 2001) and grasshoppers (Samways and

Moore 1991). Also, alien plants adversely affect hydrology (Le Maitre et al. 1996), bio-

diversity (Samways et al. 2005) and ecosystem services (Van Wilgen et al. 2006).

Therefore, the remaining one-third of semi-natural land, the ENs, have been instituted to

sustain the properties of dynamic ecosystems, including durability, robustness, stability

and resilience.

ENs as supporting systems

The ENs are the supporting system within the States box (Fig. 4), i.e. they support the

maintenance of compositional biodiversity in the plantation forests, which provides the

service of biodiversity conservation. To illustrate this, Bullock and Samways (2005) found

that plant-arthropod associations, were maintained at any depth within a plantation, as long

as the EN was sufficiently wide to exclude edge effects. Similarly, for butterflies, the

distance to an outside source site did not matter, as long as the EN was of good quality

(Pryke and Samways 2003). Almeida Vieira and Carvalho (2008) similarly found that

pollination of a Brazilian tree continued in high-quality forest corridors at a landscape

scale, while in an experimental landscape, Townsend and Levey (2005) demonstrated that

corridors facilitate pollen transfer.

The two main obstacles adversely affecting the functioning of ENs as supporting sys-

tems are disturbance (Pryke and Samways 2003, Kinvig and Samways 2000) and size.

Several studies have linked the size of a remnant natural patch or width of a corridor to the

function of the EN. Field (2002) found that isolated, and especially small patches of natural

grassland surrounded by pine afforestation showed an overall decline in seed set per flower

for 94% of plant species in comparison with those in an extensive neighboring grassland.

For butterflies, 250 m-wide corridors were a habitat, source and conduit. This was the case

in parts of the EN even deep within the plantation landscape (Pryke and Samways 2001). In

contrast, narrow corridors (\50 m wide) acted principally simply as conduits, with but-

terflies flying overall 13 times faster along these corridors than in the wide ones. This

meant that the narrow corridors were unsuitable as habitats but were nevertheless effective

movement corridors for butterflies (Pryke and Samways 2003).

These results on wide corridors functioning as habitats per se are among a suite of

findings elsewhere in the world where some general principles are beginning to emerge.

Hill (1995), for example, found 200 m-wide corridors were necessary as habitats for dung

beetles in tropical Australian forest, while Berggren et al. (2002) found that in Fenno-

Scandian corridors, bush crickets walked and dispersed more slowly in good quality, wide

corridors than in poor quality, narrow ones. What this means in terms of function is that

width is a highly significant variable, with 200 m beginning to emerge as the minimum

width at which a corridor in a grassland EN can start to function as a habitat over simply a

conduit, at least for invertebrates. However, we must emphasize that this includes the edge

zone which runs along the edges of the grassland corridors. This edge zone physically

looks like just the edge of the corridor, as it is simply a continuation of the grassland
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(Fig. 5). The critical point though, is that it is not functioning in the same way as the

grassland interior because the plantation trees are having an edge effect. An additional

consideration is that many factors may affect the size of the edge zone, such as the ENs

vegetation structure and type, age of plantation, aspect, gradient and plantation tree species.

The ENs provide several ecosystem services, besides biodiversity conservation, with

two distinct beneficiaries. Local human communities utilize the grassland ENs for grazing

land and for harvesting for thatching grass. Honey bees are numerous in the natural forest

patches within ENs, and local people harvest the honey for sale and private consumption.

Firewood is also collected in these natural forest patches, especially as many of the

plantations/ENs are located in remote, rural regions where some communities have no

electricity. Timber companies are the other significant ecosystem beneficiary, utilizing

grasslands for useful compositional biodiversity (e.g. pollinators, natural biocontrol

agents), nutrient cycling, natural water filtration, and firebreaks. The grasslands in ENs are

also used to improve hydrological catchment function. This is done through the activity of

delineation, which involves not planting, or removing planted, trees on hydromorphic soils

so as not to interfere, or to restore, the natural hydrological processes (Dye and Jarmain

2004).

Determining the threshold at which adequate biodiversity conservation is provided at a

level demanded by the timber companies, or the legislation which affects them, needs

further investigation. This defines the Service Providing Unit (Luck et al. 2003, 2009)

which can be characterized as the minimum (threshold) quantity of biology required to

supply a service at the desired level (Rounsevell et al. 2009, this volume). That is, the

minimum biotic component which makes up a functionally natural EN. A good quality EN

provides, for example, natural hydrological conditions, as well as highly exportable timber

products that can be certified as having been grown in a sustainable way. The benchmark

or reference condition of an EN equates to the equivalent structural, compositional and

functional biodiversity in an adjacent reserve area.

Fig. 5 Cross-section of an ecological network showing the edge zone between the plantation stand and the
interior zone (zone of highest quality habitat). In this example, habitat quality is reduced in the edge zone of
the ecological network by the shading effects of the alien trees, thus reducing habitat quality in this zone.
Other variables, both direct and indirect, may add to this edge effect
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Impacts and responses

The current State of the timber production landscape (ENs included) has many Impacts on

local human communities and ecosystems. Extensive plantations result in reduced avail-

ability of suitable grazing land, leading to higher grazer density in the ENs than would

otherwise occur. Indeed, human disturbance, particularly excessive cattle grazing and the

impact of invasive alien plants has a detrimental effect on the ENs fauna and flora (Pryke

and Samways 2003; Kinvig and Samways 2000).

The value of the service provided by ENs to timber companies is related to FSC

certification. This is an all-or-none phenomenon: the markets are lost should FSC certi-

fication be lost. Thus, the only valuable ENs are those that enable timber production while

at the same time maintaining structural, compositional and functional biodiversity. This is

a stimulus to seek an optimal design for ENs, where good biodiversity conservation

translates into highly exportable timber.

Not every corridor in an EN is of equal value. Design is important, as optimal EN

design involves, for example, focusing on good quality, large habitat corridors and

important nodes which deliver the important functional attributes. Lesser credence is given

to smaller and disturbed corridors.

Research itself is one of the Responses in the FESP. Each negative Impact or Pressure is

addressed in the form of altered management activities of the ENs and plantations. These

responses include delineation. Fire management is also practiced to simulate natural and

disrupted processes, with the burning of narrow corridors in the ENs being particularly

delicate in the face of the financial risk of spread of fire to the commercial tree stands.

Narrow corridors can be actively maintained by monitoring stocking rates of grazing

livestock or large herbivores or mowing to provide defoliation in sites where burning is

impractical. A further Response is optimization of existing EN design to connect between

isolated fragments, or enlarge corridors in key locations, while allowing others to be

afforested. A Response, such as the removal of invasive alien plants, reduces the Pressures

by improving the ENs. Ultimately, the appropriate Response to the legislation Drivers are

high-quality ENs (with high ecological integrity and ecosystem sustainability) which

equate to the natural landscape in both the shorter and longer term.

Alternate socio-ecological systems (SES)

In principle, several alternative SESs are possible, as outlined by Rounsevell et al. (2009).

As regards these ENs, arguably there is one optimal SES, and that is to establish ENs

which optimize production without compromising biodiversity and natural system func-

tion. However, this is an ideal where there are essentially only two elements: timber

production and conserving structural, compositional and functional biodiversity. In reality,

there are other elements which must also be brought into the picture and which constitute

alternative SESs. These other elements include the indigenous human communities and

associated infrastructures. Within a single EN, this may mean setting aside certain parts of

the EN to accommodate housing and traditional agricultural and pastoral activities,

especially cattle grazing. This feeds back into revising the design of the ENs with a focus

perhaps on several types of corridors and nodes, ranging from high-quality, functionally

natural, large habitat corridors and nodes to partially degraded, narrow, pasture areas.

Thus, the alternative SESs would depend on the level of indigenous human occupation and

the subtending needs. In turn, for SESs at the larger spatial scale, which can be translated
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into contiguous ENs with an evolutionary and climate change mitigation function in

addition to an ecological function, it is essential to consider the adverse dissecting effects

of major roads (McKenna et al. 2001). Some organisms and their propagules can cross

roads, while others cannot, depending on type of road and traffic density, as well as type of

organism. This means that roads act as a differential filter and therefore lessen the positive

effect of the Response in the framework.

Conclusions

That the South African forestry industry has already set aside 500,000 ha for ENs is a major

commitment. Initial research results suggest that this initiative has been successful for the

conservation of biodiversity and the provision of ecosystem services. Already there are some

clear pointers as to what design features of ENs are effective for biodiversity conservation and

ecosystem service provision, and which are not. Firstly, it appears that large corridors in the

ENs (about 250 m wide) satisfy Hess and Fischer’s (2001) positive functional attributes of

conduit, habitat and source, with narrow corridors fulfilling the function of only conduit. This

clearly has important planning implications. Corridor width is important here, with wide

corridors having considerably more important functional value than narrow ones. This is

further emphasized by the fact that the EN/plantation tree boundary is very hard, with both

little perforation of the plantation tree boundary by grassland EN-inhabiting species. Fur-

thermore, there are considerable influential adverse effects by plantation trees (pines in

particular) on the first few metres of the margin of the EN (the edge zone).

In addition, the initial results also clearly indicate that the quality of the corridors, as

well as the width, is also very important. To be of high value, the ENs are required to be

habitats and not just conduits, so that they function as a source and not just sink to enable

long term maintenance of biodiversity and ecosystem function. This emphasizes that they

must have a matching role to an equivalent piece of land in a natural system. When large,

high-quality ENs are instigated, it means that larger-scale issues, such as species beta

diversity, are also incorporated. At the even larger spatial scale, they would, through

joining of a group of ENs, accommodate gamma diversity.

A particularly encouraging finding is that greater ‘interiorness’ (increasing distance inside

the plantation/EN from the outside, natural reserve area), did not lead to a decrease in bio-

diversity, compositional or functional (Pryke and Samways 2001, 2003; Bullock and

Samways 2005). This is very strong support for the high value of these ENs across their

entirety.

There is no dispute that alien plantations are generally detrimental to many taxa, and

therefore, by extrapolation, unquestionably adverse for functional diversity at the local

level. The question remains as to whether these large ENs are providing sufficient miti-

gation. Although the results to date are relatively sparse, they nevertheless do support the

fact that these large ENs are indeed a mitigating factor for biodiversity conservation, and

ecosystem function such as hydrological processes and pollination, in the plantation tree

landscape. Clearly however, there is still much we can learn from the current and future

results to improve the design and management of the ENs for long term, sustainable

maintenance of biodiversity in the production landscape.

Acknowledgments We thank Peter Gardiner and Paula Harrison for stimulating discussion. This review is
a contribution to the RUBICODE Coordination Action Project (Rationalising Biodiversity Conservation in
Dynamic Ecosystems) funded under the Sixth Framework Programme of the European Commission

Biodivers Conserv (2010) 19:2949–2962 2959

123



(Contract No. 036890). CSB also acknowledges financial support from the Mauerberger Foundation, and
MJS and JSP from Mondi.

References

Allan DG, Harrison JA, Navarro RA, van Wilgen BW, Thompson MW (1997) The impact of commercial
afforestation on bird populations in Mpumalanga Province, South Africa—insights from bird-atlas
data. Biol Conserv 79:173–185

de Almeida Vieira F, de Carvalho D (2008) Genetic structure of an insect-pollinated and bird-dispersed
tropical tree in vegetation fragments and corridors: implications for conservation. Biodivers Conserv
17:2305–2321

Armstrong AJ, van Hensbergen HJ (1994) Comparison of avifaunas in Pinus radiata habitats and indige-
nous riparian habitat at Jonkershoek, Stellenbosch. S Afr J Wildl Res 24:48–55

Armstrong AJ, van Hensbergen HJ (1995) Effects of afforestation and clear-felling on birds and small
mammals at Grootvadersbosch, South Africa. S Afr For J 174:17–21

Armstrong AJ, van Hensbergen HJ (1996) Impacts of afforestation with pines on assemblages of native biota
in South Africa. S Afr For J 175:35–42

Armstrong AJ, Benn G, Bowland AE, Goodman PS, Johnson DN, Maddock AH, Scott-Shaw CR (1998)
Plantation forestry in South Africa and its impacts on biodiversity. S Afr For J 182:59–65

Bennett AF (1999) Linkages in the landscape: the role of corridors and connectivity in wildlife conservation.
IUCN, Gland, Switzerland

Berggren A, Birath B, Kindvall O (2002) Effect of corridors and habitat edges on dispersal behavior,
movement rates and movement angles in Roesel’s bush cricket (Metrioptera roeseli). Conserv Biol
16:1562–1569

Berkes F, Folke C (eds) (1998) Linking social and ecological systems: management, practices and social
mechanisms for building resilience. Cambridge University Press, Cambridge, UK

Boitani L, Falcucci A, Moriorano L, Rondinini C (2007) Ecological networks as conceptual frameworks or
operational tools in conservation. Conserv Biol 21:1414–1422

Brockerhoff EG, Jactel H, Parrotta JA, Quine CP, Sayer J (2008) Plantation forests and biodiversity:
oxymoron or opportunity? Biodivers Conserv 17:925–951

Bullock WL, Samways MJ (2005) Conservation of flower–arthropod interactions in remnant grassland
linkages among pine afforestation. Biodivers Conserv 14:3093–3103

Burel F, Baudry J (1995) Farming landscapes and insects. In: Glen DM, Greaves MP, Anderson HM (eds)
Ecology and integrated farming systems. Wiley, Chichester, UK, pp 203–220

Chetkiewicz C-LB, Cassidy St. Clair C, Boyce MS (2006) Corridors for conservation: integrating pattern
and process. Annu Rev Ecol Syst 37:317–342
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Abstract

A previously unknown radiation among flightless spring katydids (Tettigoniidae: Phaneropterinae: Brinckiella) in 
Western and Northern Cape provinces of South Africa is described. Seven species are described as new (B. aptera n. sp., 
B. arboricola n. sp., B. elegans n. sp., B. karooensis n. sp., B. mauerbergerorum n. sp., B. serricauda n. sp., and B. 
wilsoni n. sp.) and one species (B. viridis Chopard) is redescribed. 

Key words: South African katydids, Phaneropterinae, Brinckiella, species radiation, fynbos, succulent karoo

Introduction

Spanning at least three centuries, the long tradition of faunistic and taxonomic research in South Africa has 
produced countless, comprehensive treatments of virtually all groups of insects. Yet, the hyperdiverse 
entomofauna of this country is bound to present entomologists with occasional surprises, and the recent 
discovery of a number of species of the new order Mantophasmatodea in the Western Cape is a good example 
of one. This group of hemimetabolous insects which, while common and occasionally abundant in the fynbos 
vegetation of the Western Cape, had been undercollected and overlooked by the entomological community for 
over a century, before being re-discovered in 2002 (Picker et al. 2002). In all likelihood this happened because 
Mantophasmatodea achieve adulthood during winter months, but their adults retain an apterous, nymphal 
appearance, at first glance resembling immature forms of some other, possibly orthopteroid insects that should 
appear as imagines in later months. Similar, so far overlooked radiations will be possibly discovered among 
other groups of insects. This is particularly likely in hemimetabolous lineages that exhibit high seasonality, 
and mature during southern winter and early spring, when insect activity is low, and the few collectors who 
conduct sampling at that time of year are likely to encounter a large proportion of juvenile individuals of 
species that mature in later months. 

Here we report the discovery of a species radiation in wingless and brachypterous katydids of the genus 
Brinckiella Chopard, 1955 in the fynbos and karoo vegetation of Western and Northern Cape provinces of 
South Africa, a group that reaches adulthood at the beginning of the southern spring (September/October), a 
time when most Tettigoniidae in this region are still in their early nymphal or egg stages. The genus 
Brinckiella was erected to accommodate a single species, B. viridis Chopard, described on the basis of the 
singular female holotype collected during the Brinck-Rudebeck 1950–1951 expedition to southern Africa 
(Chopard 1955.) Since then specimens of Brinckiella have been collected only occasionally, and major 
entomological collections in Pretoria and Cape Town contain only a handful of specimens collected between 
1940 and 1967. Within these collections specimens of Brinckiella were invariably placed among unidentified 
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nymphs of other katydids. Their paucity in entomological collections seems to suggest rarity of these insects, 
but during a few days of nighttime and daytime surveying of fynbos and karoo vegetation in the Western and 
Northern Cape provinces we encountered over 70 specimens of these insects, belonging to 6 new species, and 

at some sites the density of Brinckiella individuals was as high as 5–10/m2. 
The fynbos and succulent karoo biomes of South Africa are notable for their mega-diverse flora. The 

succulent karoo contains the highest diversity of succulent plants in the world and is the world’s most species-
rich semi-desert. The fynbos contains 9,000 plant species – 44% of southern Africa’s plant species, on 4% of 
its land, with 69% of these endemic to the Cape (Mucina and Rutherford 2006.) The Cape Floristic Region 
(CFR), in which these biomes occur, is the smallest of the world’s six floristic regions. It is a Mediterranean-
type ecosystem, experiencing hot, dry summers and winter rainfall (although the fynbos receives significantly 
more annual precipitation than the succulent karoo) (Goldblatt and Manning 2000.) The extreme floral 
diversity of the fynbos is attributed to topographic heterogeneity of the region, long-term climatic stability 
(~5–15 million years in which the region experienced no glacial events), and fire-driven ecological dynamics 
on a 5–50 year cycle (Mucina and Rutherford 2006.) Insect diversity levels in the CFR probably parallel plant 
diversity levels (Proches and Cowling 2006), but this varies for different families of insects (Davies 1988a,b; 
Wright and Samways 1998), and no studies have focused on Orthoptera in the CFR. 

While we were unable to collect any data on food plants of the Brinckiella species during our short survey, 
it appeared that these insects very quite host specific, and the same species of katydids could always be found 
on the same species of plants. At present, Brinckiella appears to be a genus endemic to the Western and 
Northern Cape provinces of South Africa, and all of its known species are restricted to either fynbos or 
succulent karoo biomes. It is likely that many additional species of this genus await discovery in different 
parts of South Africa where similar types of vegetation occur. We hope that this publication will alert 
entomologists to the existence of this so far unknown radiation in flightless katydids, and more data will soon 
be collected. 

Methods

The new species described below were collected during a survey of the Orthoptera of the Western and 

Northern Cape provinces, conducted by the authors during the period between 27th September and 7th October 
2008. In addition to the specimens collected by the authors, the descriptions below include material from 
several South African entomological collections.

Three methods were employed for collecting katydids: (1) detecting singing males of katydids at dusk and 
night using an ultrasound detector (2) visual search at night and during the day, and (3) net sweeping of 
grasses and low vegetation during the day and at night. 

Stridulating males were detected using an ultrasound detector Pettersson D200 (by PN; CB could easily 
hear the singing Brinckiella males without any electronic aids), and recorded using a solid-state recorder 
Marantz PMD660 with a directional microphone Sennheiser ME-66. Song terminology in the descriptions 
below follows Ragge and Reynolds (1998).

Representatives of all encountered new species were collected and voucher specimens were preserved in 
95% ethanol, and as pinned, dry specimens. 

The following conventions were adopted for specimen measurements: 
body— in the female, the distance from the apex of the fastigium to the apex of the epiproct; in the male, 

the distance from the apex of the fastigium to the apex of the subgenital plate 
total body(females only)—the distance from the apex of the fastigium to the apex of the ovipositor
ovipositor—the distance from the base of the subgenital plate to the apex of the ovipositor.
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Collection codens:
ANSP Academy of Natural Sciences of Philadelphia, Philadelphia, USA
BMNH The Natural History Museum, London, UK
MCZ Museum of Comparative Zoology, Harvard University, Cambridge, USA
MZLU Museum of Zoology, Lund University, Lund, Sweden
PPRI South African National Collection of Insects, South African National Department of 

Agriculture, Pretoria, Republic of South Africa
SAMC South African Museum, Cape Town, Republic of South Africa
USEC Entomological Collection, University of Stellenbosch, Stellenbosch, Republic of South Africa

Descriptions

Brinckiella Chopard, 1955

Chopard 1955: 274 >>original description, in Meconematinae; type species: Brinckiella viridis Chopard, 1955, by 
monotypy

Naskrecki 1996: 193 >>redescription, in Phaneropterinae (Barbitistini)

Description (male, except where specified)
General. Body very small for Phaneropterinae, slender to moderately robust, cylindrical; male 

brachypterous to apterous, female apterous; legs elongate to extremely elongate (Figs. 4A–E, 5A–E.) 
Head. Head hypognathous; frons vertical, flat; antennae more than three times as long as body; antennal 

scapus unarmed. Eyes globular to oval, moderately protruding. Fastigium of frons small, separated from 
fastigium of vertex by distinct gap, fastigium of vertex very narrow, as wide as 1/6–1/5 of scapus, blunt 
apically and not reaching apex of antennal sockets, grooved dorsally. Lateral and median ocelli absent.

Thorax. Pronotum surface smooth, nearly flat, without lateral carinae; humeral sinus of pronotum absent; 
lateral lobe from about as long as high to twice as long as high; marginal fold of pronotum very narrow, 
smooth; anterior margin of pronotum flat, broadly rounded; metazona flat, posterior edge of metazona flat to 
slightly raised; straight or broadly rounded when seen from above. Prosternum unarmed, sternum flat, sternal 
lobes poorly developed to absent. Thoracic auditory spiracle very small, slit-like, fully exposed or only 
partially hidden under lateral lobe of pronotum, without any setation on inner margins (Fig. 3Q.) 

Legs. Legs proportionately long to extremely long and slender. Front coxa unarmed; front femur unarmed 
ventrally, round in cross section; genicular lobes of front femur armed with one or two small spines on both 
sides. Front tibia with both dorsal margins armed with small spines, and both ventral margins armed with 
several spines; tibial spines short, about half as long as tibia diameter; apical dorsal spines of front tibia 
present or absent (sometimes within the same species); tympanum bilaterally open, oval, about twice as long 
as wide. Mid femur unarmed ventrally, genicular lobes of mid femur armed with one to two small spines on 
both sides; mid tibia not noticeably thickened in basal part, armed dorsally on both margins. Hind femur 
elongate, slightly thickened at base, evenly tapering towards knee; unarmed ventrally to armed with small 
spines on both ventral margins, genicular lobes of hind femur unarmed or armed with single spines on both 
sides; dorsal spines of hind tibia of equal size on both edges; consecutive spines of similar size. 

Wings. Tegmen reduced, shorter than pronotum and fully exposed, not covered by pronotum at its basal 
part; rounded, about as long as wide; anterior margin rounded; costal field not dilated at base; tegminal 
venation strongly reduced; both left and right stridulatory areas coriaceous, without well developed mirror 
(Fig. 3J.) Stridulatory file flat, nearly straight to weakly bent, with 41–55 teeth (Figs. 1K–N;) hind wing 
absent. Males of some species apterous; female of all species apterous. 

Abdomen. Tenth tergite unmodified to strongly sclerotized and overhanging epiproct; epiproct small and 
rounded; unmodified; paraprocts unmodified. Cercus short, nearly straight to strongly curved, with or without 
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inner lobes or dilatations; apex usually sclerotized. Phallus almost entirely membranous, sometimes with 
weakly sclerotized elements covered with minute dentation (Figs. 3A–D.) Subgenital plate narrowly to 
broadly trapezoidal, straight apically; styli cylindrical, about twice to three times as long as wide, parallel; 
separated by small gap, held horizontally. Female subgenital plate variable, with or without posterior lobes.

Ovipositor. Ovipositor nearly straight to strongly curved, usually shorter than half of hind femur; dorsal 
edge of upper valvula usually parallel to lower valvula, smooth or distinctly serrated; apex pointed, often with 
minute dentitions on both lower and upper valvulae. 

Egg. Egg elongate, spindle-shaped, straight to distinctly bent, cylindrical in cross section; without external 
appendages; egg coloration black (Figs. 3M–O.) 

Coloration. Coloration green to yellow, with variable markings. Antennae concolorous; antennal scapus 
without markings. Face pale green, sometimes with white markings; eyes uniformly colored. Pronotum green, 
sometimes with darker markings dorsally, bordered by light stripes continuous with those on rest of thorax. 
Tegmen mostly dark brown, with costal area lighter than rest of wing. Legs with basal parts sometimes darker 
or lighter than distal parts; hind femur uniformly colored; genicular lobes of legs without markings; 
abdominal sterna sometimes with median white stripe and pair of lateral, longitudinal white stripes; 
abdominal terga with variable markings; subgenital plate without markings; ovipositor green, with brown 
apical portion. 

Diagnostic remarks. The genus Brinckiella can be identified among other Phaneropterinae by the unique 
size and position of the thoracic auditory spiracle, which in this genus is small, slit-like, and fully exposed 
(Fig 3Q.) In all other members of the subfamily the thoracic auditory spiracle is large and positioned under the 
lateral lobe of the pronotum, sometimes nearly completely hidden by the lobe (Fig 3P.) The fastigium of frons 
is very poorly developed in Brinckiella, but usually well developed in other brachypterous Phaneropterinae. 
The fastigium of vertex is narrow, at the most as wide as 1/5 of the scapus, and grooved dorsally, while in 
other brachypterous Phaneropterinae the fastigium of vertex is at least as wide as half of the scapus. In its 
overall appearance Brinckiella resembles species of the western Palaearctic genus Leptophyes Fieber, sharing 
a similar size and position of the male tegmina, and the shape of the ovipositor, which is devoid of large 
valvular teeth, typical of most Barbitistini and Odonturini. They differ, however, in the characters outlined 
above. Brinckiella is also the only genus of the Phaneropterinae, in which females, and sometimes males, are 
entirely apterous. Many genera of the Phaneropterinae (e.g., Poecilimon Fischer-Waldheim, Barbitistes
Charpentier, Leptophyes, Kurdia Uvarov, Metaplastes Ramme, Phonochorion Uvarov, Monticolaria Sjöstedt, 
Dichopetala Br.-Watt., Peronura Karsch, Arachnitus Hebard, Odontura Rambur, Peropyrrhicia Br.-Watt., and 
several others) display strong brachyptery in the males, but none has apterous females, albeit females in some 
genera are squamipterous, and their vestigial wings may be entirely hidden under the pronotum. Among the 
Tettigoniidae few taxa display complete aptery in both sexes. The three known species of the monogeneric 
subfamily Phasmodinae from Western Australia are apterous (Rentz 1993), and so is the peculiar Argentine 
genus Apteropedetes Gurney and Lieberman (Tettigoniinae.) Apterous females are known in the Australian 
Tympanophorinae, and a few genera of the Tettigoniinae (e.g., Platydecticus Chopard.) 

Among southern African Phaneropterinae Brinckiella can be confused only with Austrodontura Fontana 
and Buzzetti, from which it differs in the complete aptery of females (females of Austrodontura are 
brachypterous), a smooth, pointed ovipositor (the ovipositor is strongly serrated and rounded apically in 
Austrodontura), a much narrower fastigium of vertex, and the position of the male tegmina (partially hidden 
under the pronotum in Austrodontura.) These two genera also differ in their time of adult activity – 
September/October for Brinckiella and February/March for Austrodontura.

Chopard (1955) originally placed Brinckiella in the Meconematinae, but upon reexamination of the 
holotype Naskrecki (1996) transferred it to the tribe Barbitistini of the Phaneropterinae. Now, however, after 
an examination of an extensive sampling of several species of this genus, it appears that Brinckiella is not 
closely related to any known genera of Barbitistini or Odonturini, tribes with the preponderance of 
brachyptery. Instead, Brinckiella probably represents a case of an independent loss of flight and, in some 
cases, wings altogether. It is unclear what existing genera Brinckiella might be related to, and it is possible 
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that this genus represents a unique lineage within the Phaneropterinae, warranting a separate tribe. Its 
relationships to other Tettigoniidae will be investigated in near future using a wide range of morphological 
and molecular characters, and should appear in a separate publication devoted to the phylogeny of katydids. 

FIGURE 1. Diagnostic characters of Brinckiella spp.: A. B. mauerbergerorum – male head and pronotum, lateral view; 
B. ditto, female; C. B. wilsoni - male head and pronotum, lateral view; D. ditto, female; E–F. dorsal views of the male, 
typical coloration patterns; G. B. arboricola - female head and pronotum, lateral view; H. B. elegans - female head and 
pronotum, lateral view; I. B. aptera - male head and pronotum, lateral view; J. ditto, dorsal view; K–N. male stridulatory 
files: K. B. mauerbergerorum; L. B. wilsoni; M. B. arboricola; N. B. karooensis.
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Brinckiella viridis Chopard, 1955
(Figs. 2C–D)

Chopard 1955: 274.

Type locality. Republic of South Africa: Western Cape, Hout Bay, Skoorsteenkop (34°2'23.56''S, 
18°22'3.3''E) 28.i.1951, coll. Brinck - Rudebeck - female holotype (MZLU)

Diagnostic redescription (female, male unknown). General characteristics as for the genus, diagnostic 
characters listed below. This species can be easily identified by the unique shape of the female subgenital 
plate (Fig. 2D.)

Legs. Genicular lobes of front femur armed with two small spines on both sides. Mid femur unarmed 
ventrally, genicular lobes of mid femur armed with two small spines on both sides. Hind femur unarmed 
ventrally to armed with small spines on both ventral margins, genicular lobes of hind femur armed on inner 
side with single spine. 

Abdomen. Female subgenital plate divided into three, narrow lobes; side lobes slighty divergent, posterior 
lobes rounded (Fig 2C.) 

Ovipositor. Ovipositor strongly curved, shorter than half of hind femur, dorsal edge of upper valvula 
parallel to lower valvula; apex pointed, with minute dentitions on both lower and upper valvulae (Fig 2D.)

Coloration. Coloration light green, antennae concolorous; antennal scapus without markings. Face with 
vertical, white markings; eyes uniformly colored. Pronotum green, with dark and light stripes on upper edge 
of lateral lobe, continuous with those on thorax and abdomen. Legs unicolorous, green; abdominal sterna 
without markings; abdominal terga with horizontal, thin, light stripes laterally; ovipositor green, apex brown.

Measurements (2 females). total body: 15–17.5 (16.3±1.8); body: 12–14 (13±1.4); pronotum: 2.6; hind 
femur: 14.1; front femur: 5.4; mid femur: 6–6.1 (6.1±.1); ovipositor: 5.5–6.4 (6±.6) mm.

Material examined. Republic of South Africa: Western Cape, Hout Bay, Skoorsteenkop, (34°2'23.56''S, 
18°22'3.3''E), 28.i.1951, coll. Brinck - Rudebeck (Station No. 161) - 1 female (holotype)(MZLU); Bredasdorp 
Div. Pearly Beach, (34°39'S, 19°28'60''E), ix.1959, coll. SAMC staff - 2 females (SAMC).

Brinckiella wilsoni n. sp.
(Figs. 1C–F, L; 2G–H, P; 3C, G, K, N; 4A–B)

Type locality. Republic of South Africa: Western Cape, 24 km S of Clanwilliam, on rt. N7 (32°22'48.5''S, 
18°56'41.4''E), 124 m, 7.x.2008, coll. P. Naskrecki & C. Bazelet - male holotype (SAMC)

Diagnostic description (male, except where specified). General characteristics as for the genus, 
diagnostic characters listed below. B. wilsoni differs from other species within the genus in the unique shape 
of the male cercus (Fig. 3G) and the female subgenital plate (Fig. 2G.)

Thorax. Anterior margin of pronotum flat; broadly rounded; metazona flat, posterior edge of metazona 
slightly raised (Fig. 1C), straight when seen from above (Fig. 1E, F.) 

Legs. Genicular lobes of front femur armed with two small spines on both sides. Mid femur unarmed 
ventrally, genicular lobes of mid femur armed with two small spines on both sides. Hind femur unarmed 
ventrally to armed with small spines on both ventral margins, genicular lobes of hind femur armed with single 
spines on both sides. 

Wings. Stridulatory file flat, weakly bent, 6.5 mm long, 0.28 mm wide, with 55 teeth (Fig. 1L.) 
Abdomen. Tenth tergite unmodified. Cercus short, slightly bent inwards, distinctly thickened basaly (Fig. 

3G); straight when seen from side; apex tapered, with small apical tooth. Phallus entirely membranous, 
without sclerotized elements (Fig. 3C.) Subgenital plate broadly trapezoidal, straight apically (Fig. 2P); styli 
cylindrical, about twice as long as wide, parallel and separated by small gap, held horizontally. Female 
subgenital plate with short lateral lobes and small median incision, posterior lobes rounded (Fig. 2G). 
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FIGURE 2. Diagnostic characters of Brinckiella spp.: A. B. mauerbergerorum – female subgenital plate; B. ditto, 
ovipositor; C. B. viridis - female subgenital plate; D. ditto, ovipositor; E. B. arboricola - female subgenital plate; F. ditto, 
ovipositor; G. B. wilsoni - female subgenital plate; H. ditto, ovipositor; I. B. karooensis - female subgenital plate; J. ditto, 
ovipositor; K. B. serricauda - female subgenital plate; L. ditto, ovipositor; M. B. elegans - female subgenital plate; N. 
ditto, ovipositor; O. B. aptera - male subgenital plate; P. B. wilsoni - male subgenital plate; Q. B. karooensis - male 
subgenital plate. 

Ovipositor. Ovipositor slightly curved, shorter than half of hind femur, dorsal edge of upper valvula 
parallel to lower valvula (Fig. 3K); apex pointed, with minute dentitions on both lower and upper valvulae 
(Fig. 2H). 
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Egg. Egg elongate, cylindrical in crosssection, straight (Fig. 3N). 
Coloration. Coloration green, with variable markings (Figs. 1E, F; 4A, B), antennae concolorous; 

antennal scapus without markings. Face pale green; eyes uniformly colored. Pronotum green, with darker 
markings dorsally, bordered by light stripes continuous with those on rest of thorax. Tegmen mostly dark 
brown, with costal area lighter than rest of wing. Legs with basal parts sometimes darker or lighter than distal 
parts; hind femur uniformly colored; abdominal sterna with median white stripe and pair of lateral, 
longitudinal white stripes; abdominal terga with oblique, white stripe on each lateral margin; terga 1, 3 and 6 
sometimes with large, dark brown patches laterally (Fig. 1F); subgenital plate without markings; ovipositor 
green, apex brown.  

Measurements (8 males, 6 females). total body: female 16.5–20.3 (18.6±1.3); body: male 12.5–15 
(13.9±.8), female 13.1–15.9 (14.7±.9); pronotum: male 2.5–3 (2.8±.2), female 2.9–3.4 (3.1±.2); tegmen: male 
1.8–2.2 (2±.1); hind femur: male 15–16 (15.4±.3), female 14.5–17 (15.6±.9); front femur: male 8.3–9.1 
(8.8±.3), female 6.6–8 (7.3±.6); mid femur: male 7.3–8 (7.8±.3), female 6.6–8 (7.2±.5); ovipositor: 6.1–7 
(6.6±.3) mm.

Material examined. Republic of South Africa: near Doornbosch, ix.1961, coll. SAMC staff - 1 female 
(paratype) (SAMC); Western Cape, 4 m. S. of Clanwilliam, (32°14'6.52''S, 18°51'2.78''E), ix.1961, coll. 
SAMC staff - 1 female (paratype) (SAMC); 6 km N Citrusdal, (32°32'24.99''S, 18°58'34.91''E), 1.ix.1961, 
coll. H.D. Brown & W. Fürst - 1 male (paratype) (PPRI); Leipoldtville - Eland’s Bay, (32°13'S, 18°28'60''E), 
xi.1948 - 1 female, 1 male (paratypes) (SAMC); Stellenbosch, (33°55'60''S, 18°51'0''E), 10.viii.1940, coll. F. 
Maincowitz - 1 male (paratype) (USEC); Cederberg distr., 17.5 km N of Clanwilliam, on rt. N7, elev. 167 m 
(32°2'21''S, 18°47'38.4''E), 27.ix.2008, coll. P. Naskrecki & C. Bazelet (RSA_3) - 5 females, 15 males 
(paratypes), 4 nymph females (ANSP, MCZ, USEC); 20 km S of Clanwilliam, on rt. N7, elev. 165 m 
(32°20'35.8''S, 18°55'34.2''E), 27.ix.2008, coll. P. Naskrecki & C. Bazelet (RSA_2) - 3 females, 4 males 
(paratypes), 1 nymph female (MCZ, SAMC); 24 km S of Clanwilliam, on rt. N7, elev. 124 m (32°22'48.5''S, 
18°56'41.4''E), 7.x.2008, coll. P. Naskrecki & C. Bazelet (RSA_45A) - 2 females, 5 males (incl. holotype, 6 
paratypes) (BMNH, SAMC); Jamaka (Farm Grootkloof), elev. 340 m (32°20'11.8''S, 19°1'14.7''E), 
5–6.x.2008, coll. P. Naskrecki & C. Bazelet - 1 male (paratype), 1 nymph male (MCZ).

Etymology. Named in honor of Edward O. Wilson, a biologist, a writer, and an inspiration to several 
generations of scientists and naturalists.

Remarks. This species was very abundant in arid proteoid fynbos (Leipoldtville Sand Fynbos) biome 
(Mucina and Rutherford 2006) between Citrusdal and Clanwilliam (Western Cape) (Fig. 5F.) Most individuals 

were collected or seen during the day on tall shrubs, and in places their density was 5–10 individuals/m2. 

Brinckiella mauerbergerorum n. sp.
(Figs. 1A–B, K; 2A–B, 3A, E; 4C–E)

Type locality. Republic of South Africa: Northern Cape, 10.8 km SE of Port Nolloth, on Rt. R382 
(29°17'7.8''S, 16°58'37.7''E), 116 m, 27.ix.2008, coll. P. Naskrecki & C. Bazelet - male holotype (SAMC)

Diagnostic description (male, except where specified) – General characteristics as for the genus, 
diagnostic characters listed below. This species is similar to B. karooensis in the presence of minute denticles 
on the phallus, but differs from this and other species within the genus in the unique shape of the male cercus 
(Fig. 3E) and the female subgenital plate (Fig. 2A.) 

Thorax. Lateral lobe of pronotum about twice as long as high; metazona flat, posterior edge of metazona 
broadly rounded (Fig. 1A.) 

Legs. Genicular lobes of front femur armed with two small spines on both sides. Mid femur unarmed 
ventrally, genicular lobes of mid femur armed with two small spines on both sides. Genicular lobes of hind 
femur unarmed. 
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FIGURE 3. Diagnostic characters of Brinckiella spp.: A–D. phallus: A. B. mauerbergerorum; B. B. karooensis; C. B. 
wilsoni; D. B. arboricola; E–I. male cercus: E. B. mauerbergerorum; F. B. karooensis; G. B. wilsoni; H. B. arboricola; I. 
B. aptera; J.tegmen, B. karooensis; K. the mid-section of the ovipositor, B. wilsoni; L. ditto, B. serricauda (note the 
distinct serration on the upper valvula); M–N. eggs: M. B. serricauda; N. B. wilsoni; O. B. arboricola; P. the position 
and size of the thoracic auditory spiracle, Poecilimon turcicus Karabag, female (the red arrow indicates vestigial 
tegmina); Q. ditto, B. arboricola.
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FIGURE 4. Species of Brinckiella: A. B. wilsoni, female; B. ditto, male; C. B. mauerbergerorum, female; D. ditto, head 
and pronotum, lateral view; E. ditto, male. 
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FIGURE 5. Species of Brinckiella: A. B. elegans, female; B. B. serricauda, female; C. B. karooensis, female; D. ditto, 
male; E. B. arboricola, female, yellow form; F. fynbos vegetation near Clanwilliam (Western Cape), the habitat of B. 
wilsoni; G. Namaqualand Hardeveld biome of the Succulent Karoo (Goegap Nature Reserve, Northern Cape), the habitat 
of B. arboricola and B. karooensis.
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Wings. Stridulatory file flat, irregularly bent, 3.7 mm long, 0.25 mm wide, with 41 teeth (Fig. 1K.)
Abdomen. Tenth tergite unmodified. Cercus slender, slightly sinusoidal; straight when seen from side; 

apex tapered, sharp (Fig. 3E); phallus mostly membranous, with central, inner lobes somewhat sclerotized and 
covered with minute teeth (Fig. 3A.) Subgenital plate broadly trapezoidal, with small, triangular apical 
incision; styli cylindrical, about twice as long as wide, parallel, separated by small gap and held horizontally. 
Female subgenital plate broadly trapezoidal, with wide, shallow apical incision (Fig. 2A.) 

Ovipositor. Ovipositor slightly curved, shorter than half of hind femur, dorsal edge of upper valvula 
parallel to lower valvula; apex pointed, with minute dentitions on both lower and upper valvulae (Fig. 2B.)

Coloration. Coloration green, with variable markings (Figs. 4C–E), antennae concolorous; antennal 
scapus without markings. Face pale green; eyes uniformly colored. Pronotum green, with dark and light 
stripes on upper edge of lateral lobe, continuous with those on thorax and abdomen. Tegmen mostly dark 
brown, with costal area lighter than rest of wing. Legs with basal parts sometimes darker or lighter than distal 
parts; hind femur uniformly colored; abdominal sterna without markings; abdominal terga with horizontal 
dark and light stripes laterally, area between stripes sometimes lighter then rest of abdomen; subgenital plate 
without markings; ovipositor green. 

Measurements (2 males, 4 females). total body: female 17.5–21 (18.9±1.5); body: male 9.5–11.5 
(10.5±1.4), female 12.8–17 (14.5±2); pronotum: male 2–2.5 (2.3±.4), female 2.9–3 (3±.1); tegmen: male 1.8; 
hind femur: male 13, female 12–13.5 (12.5±.9); front femur: male 7–7.1 (7.1±.1), female 5–6 (5.5±.4); mid 
femur: male 7, female 5–6 (5.5±.4); ovipositor: 6.5–7.5 (6.9±.5) mm.

Material examined. Republic of South Africa: Northern Cape, 11 m NE Hondeklipbaai, (30°9'59.46''S, 
17°21'7.05''E), 29.ix.1967, coll. H.D. Brown - 1 female (PPRI); Namakwa Distr., 10.8 km SE of Port Nolloth, 
on Rt. R382, elev. 116 m (29°17'7.8''S, 16°58'37.7''E), 27.ix.2008, coll. P. Naskrecki & C. Bazelet (RSA_6) - 
3 females, 2 males (holotype and paratypes), 1 nymph female (ANSP, MCZ, SAMC, USEC); 8.5 km N of 
Garies, on rt. N7, elev. 476 m (30°29'39''S, 17°56'31.2''E), 5.x.2008, coll. P. Naskrecki (RSA_36) - 1 female, 1 
male (paratypes) (ANSP, SAMC); Western Cape, Cederberg distr., 20 km S of Clanwilliam, on rt. N7, elev. 
165 m (32°20'35.8''S, 18°55'34.2''E), 27.ix.2008, coll. P. Naskrecki & C. Bazelet (RSA_2) - 1 female 
(paratype) (MCZ).

Etymology. Named in honor of the Mauerberger Foundation, whose generous support allowed us to 
conduct this study.

Remarks. Most specimens of this species were collected on unidentified shrubby succulents in the sparse 
Namaqualand Sandveld (Richtersveld Coastal Duneveld) biome (Mucina and Rutherford 2006) near Port 
Nolloth in the Northern Cape. All individuals were collected at night, when the ambient temperature was only 
12ºC.

Brinckiella karooensis n. sp.
(Figs. 1N; 2I–J; 3B, F; 5C–D)

Type locality. Republic of South Africa: Northern Cape, Goegap Nat. Res., Kraaifontein (29°37'42.5''S, 
18°2'33.6''E), 1059 m, 2–3.x.2008, coll. P. Naskrecki & C. Bazelet - male holotype (SAMC)

Diagnostic description (male, except where specified) – General characteristics as for the genus, 
diagnostic characters listed below. This species is similar to B. mauerbergerorum in the presence of minute 
denticles on the phallus, but differs from this and other species within the genus in the unique shape of the 

male cercus (Fig. 3F), an extended and strongly sclerotized 10th tergite, and the shape of the female subgenital 
plate (Fig. 2I.) 

Thorax. Lateral lobe of pronotum about twice as long as high; anterior margin of pronotum flat; broadly 
rounded; metazona flat, posterior edge of metazona broadly rounded. 

Legs. Genicular lobes of front femur armed with one spine on posterior (outer) and two spines on anterior 
(inner) side. Front tibia usually unarmed dorsally, except for one or two apical spines. Genicular lobes of mid 
femur armed with single spines on both sides. Genicular lobes of hind femur unarmed. 
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Wings. Stridulatory file flat, weakly bent, 6.0 mm long, 0.2 mm wide, with 47 teeth (Fig. 1N.)
Abdomen. Tenth tergite with posterior edge sclerotized and somewhat extended, completely covering 

epiproct. Cercus short, nearly straight; apex slightly thickened, blunt; unarmed (Fig. 3F); phallus mostly 
membranous, with central, inner lobes somewhat sclerotized and covered with minute teeth (Fig. 3B.) 
Subgenital plate broadly trapezoidal, straight apically; styli cylindrical, more than 3 times as long as wide, 
parallel, widely separated and held horizontally (Fig. 2Q.) Female subgenital plate about 2.5 times as wide as 
long, with two short lateral lobes and convex central portion, posterior lobes rounded (Fig. 2I.) 

Ovipositor. Ovipositor strongly curved, shorter than half of hind femur, dorsal edge of upper valvula 
parallel to lower valvula; apex pointed, with minute dentitions on both lower and upper valvulae (Fig. 2J.) 

Coloration. Coloration light green (Figs. 5C–D), antennae concolorous; antennal scapus without 
markings. Face pale green; eyes uniformly colored. Pronotum green, with dark and light stripes on upper edge 
of lateral lobe, continuous with those on thorax and abdomen. Tegmen mostly dark brown, with costal area 
lighter than rest of wing. Legs with basal parts sometimes darker or lighter than distal parts; hind femur 
uniformly colored; genicular lobes of front legs without markings; abdominal sterna without markings; 
abdominal terga with horizontal dark and light stripes laterally, area between stripes sometimes lighter then 
rest of abdomen; subgenital plate without markings; ovipositor green, apex brown.  

Measurements (2 males, 4 females). total body: female 17.5–18.5 (18.1±.4); body: male 12, female 
14–15.5 (15.1±.7); pronotum: male 2.5–2.8 (2.7±.2), female 2.5–3 (2.9±.3); tegmen: male 2–2.1 (2.1±.1); 
hind femur: male 14–14.5 (14.3±.4), female 13–14 (13.4±.5); front femur: male 7.5–8.1 (7.8±.4), female 
5.5–6 (5.9±.3); mid femur: male 7.5–7.8 (7.7±.2), female 6–6.5 (6.3±.3); ovipositor: 5.5–6.1 (5.8±.3) mm.

Material examined. Republic of South Africa: Northern Cape, Namakwa Distr., 12 km N of Okiep, on 
rt. N7, elev. 757 m (29°29'35.7''S, 17°50'24.8''E), 27.ix.2008, coll. P. Naskrecki & C. Bazelet (RSA_5) - 2 
females (paratypes) (MCZ, USEC); Goegap Nat. Res., Kraaifontein, elev. 1059 m (29°37'42.5''S, 
18°2'33.6''E), 2–3.x.2008, coll. P. Naskrecki & C. Bazelet (RSA_29) - 1 female, 4 males (incl. holotype, 4 
paratypes) (ANSP, MCZ, SAMC); Goegap Nat. Res., on 4x4 route, elev. 940 m (29°40'41.5''S, 18°1'11.1''E), 
3.x.2008, coll. P. Naskrecki & C. Bazelet (RSA_31) - 1 female (paratype) (ANSP).

Etymology. Named after the Succulent Karoo biome, the habitat of this new species.
Remarks. Specimens of this species were collected on low shrubs and grasses within the Namaqualand 

Hardeveld (most individuals were found within the Namaqualand Blomveld biome, but one female was 
collected from a low shrub in the Namaqualand Klipkoppe Shrubland)(Mucina and Rutherford 2006) within 
the Goegap Nature Reserve (Fig. 5G.)

Brinckiella arboricola n. sp.
(Figs. 1G; 2E–F; 3D, H, O, Q; 6)

Type locality. Republic of South Africa: Northern Cape, Goegap Nat. Res., bush huts, nr. main entrance 
(29°41'7.3''S, 17°56'49.8''E), 824 m, 2–4.x.2008, coll. P. Naskrecki & C. Bazelet - male holotype (SAMC)

Diagnostic description (male, except where specified) – General characteristics as for the genus, 
diagnostic characters listed below. This species is similar to B. wilsoni in the lack of denticles on the phallus, 
but differs from this and other species within the genus in the unique shape of the male cercus (Fig. 3H) and 
the shape of the female subgenital plate (Fig. 2E.) 

Thorax. Lateral lobe of pronotum about twice as long as high, about as high as long in female (Fig. 1G); 
anterior margin of pronotum flat; broadly rounded; metazona flat, posterior edge of metazona slightly raised, 
straight when seen from above. 

Legs. Genicular lobes of front femur armed with single spines on both sides. Genicular lobes of mid femur 
armed with single spines on both sides. Genicular lobes of hind femur armed with single spines on both sides. 

Wings. Stridulatory file flat, nearly straight, bent in proximal fourth, 6.0 mm long, 0.3 mm wide, with 44 
teeth (Fig. 1M.) 
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Abdomen. Tenth tergite unmodified. Cercus bent in apical third; straight when seen from side; apex 
tapered, with apical tooth (Fig. 3H); phallus entirely membranous, without sclerotized elements (Fig. 3D.) 
Subgenital plate broadly trapezoidal, straight apically; styli cylindrical, about twice as long as wide, parallel, 
separated by small gap and held horizontally. Female subgenital plate less than twice as wide as long, with 
broad median lobe (Fig. 2E.)

Ovipositor. Apex with minute dentitions on lower valvula, upper valvula smooth; pointed, dorsal edge of 
upper valvula parallel to lower valvula, ovipositor slightly longer than half of hind femur; slightly curved 
(Fig. 2F.) 

Egg. Egg elongate, cylindrical in crosssection, straight (Fig. 3O.) 
Coloration. Coloration green to bright yellow (Fig. 5E), antennae concolorous; antennal scapus without 

markings. Face pale green; eyes uniformly colored. Pronotum green, with dark and light stripes on upper edge 
of lateral lobe, continuous with those on thorax and abdomen. Tegmen mostly dark brown, with costal area 
lighter than rest of wing. Legs with basal parts sometimes darker or lighter than distal parts; hind femur 
uniformly colored; abdominal sterna without markings; abdominal terga with horizontal dark and light stripes 
laterally (in green individuals; unmarked in yellow ones); subgenital plate without markings.  

FIGURE 6. Oscillogram of the call of B. arboricola (5 and 0.5 second fragments.)

Measurements (1 male, 3 females). total body: female 24–25.2 (24.4±.7); body: male 11, female 17.5–19 
(18±.9); pronotum: male 2.5, female 3.1–3.5 (3.3±.2); tegmen: male 2; hind femur: male 14, female 14–15 
(14.4±.6); front femur: male 8.5), female 7–7.6 (7.3±.3); mid femur: male 8.5, female 7.1–7.6 (7.4±.3); 
ovipositor: 8.9–9 (9±.1) mm.

Material examined. Republic of South Africa: Northern Cape, Namakwa Distr., Goegap Nat. Res., 
bush huts, nr. main entrance, elev. 824 m (29°41'7.3''S, 17°56'49.8''E), 2–4.x.2008, coll. P. Naskrecki & C. 
Bazelet (RSA_35) - 1 male (holotype) (SAMC); Goegap Nat. Res., main road nr. entrance, elev. 823 m 
(29°41'9.6''S, 17°57'14.3''E), 2.x.2008, coll. P. Naskrecki & C. Bazelet (RSA_26) - 1 female (paratype) 
(SAMC); Goegap Nat. Res., nr. bush camp on tourist rt., elev. 970 m (29°41'51.3''S, 18°0'42.8''E), 3.x.2008, 
coll. P. Naskrecki & C. Bazelet (RSA_34) - 2 females (paratypes) (ANSP, MCZ); Western Cape, Cederberg 
distr., Matjiesrivier Nat. Res., Pienaarsvlak, elev. 880 m (32°30'33.4''S, 19°18'37.1''E), 6.x.2008, coll. P. 
Naskrecki & C. Bazelet (RSA_43A) - 1 female (paratype) (USEC).

Etymology. Named in reference to the arboreal habitat of this species.
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Remarks. Singing males of this species were seen, and collected from trees near the entrance to the 
Geogap Nature Reserve nr. Springbok in the Northern Cape Province. The call of this species consists of 
short, mostly ultrasonic echemes produced every 3–10 seconds (at 17°C.) Each echeme consisted of 13 short 
syllables. The dominant frequency of the call, as recorded by the ultrasound detector Pettersson D200, was 36 
kHz (Fig. 6.) 

Brinckiella serricauda n. sp.
(Figs. 2K–L; 3L, M; 5B)

Type locality. Republic of South Africa: Northern Cape, 8.5 km N of Garies, on rt. N7 (30°29'39''S, 
17°56'31.2''E), 476 m, 5.x.2008, coll. P. Naskrecki - female holotype (SAMC)

Diagnostic description (female, male unknown) – General characteristics as for the genus, diagnostic 
characters listed below. This species can be identified by the unique shape of the female subgenital plate (Fig. 
2K), the overall shape of the ovipositor, and the presence of a distinct serration along the upper edge of the 
upper valvula (Fig. 3L.)

Thorax. Lateral lobe of pronotum about as high as long; anterior margin of pronotum flat, broadly 
rounded; metazona flat, posterior edge of metazona straight. 

Legs. Genicular lobes of front femur armed with two small spines on both sides. Genicular lobes of mid 
femur armed with two small spines on both sides. Genicular lobes of hind femur unarmed. 

Abdomen. Female subgenital plate short and wide, about 3 times as wide as long, posterior margin straight 
(Fig. 2K.) 

Ovipositor. Ovipositor straight, slightly longer than half of hind femur, dorsal edge of upper valvula 
straight (Fig. 2L), distincty serrated along its entire length (Fig. 3L); apex pointed, with minute dentitions on 
both lower and upper valvulae. 

Egg. Egg elongate, cylindrical in crosssection, distinctly curved (Fig. 3M.) 
Coloration. Coloration green with red and white markings (Fig. 5B), antennae concolorous; antennal 

scapus without markings. Face pale green; eyes uniformly colored. Pronotum green, with light red band on 
lateral lobe, continuous with band on thorax and abdomen. Legs unicolorous, green; abdominal sterna with 
median white stripe and pair of lateral, longitudinal white stripes; abdominal terga green with wide, light red 
bands bilaterally; subgenital plate without markings; ovipositor green, apex brown.  

Measurements (1 female). total body: 21.1; body: 15.5; pronotum: 3; hind femur: 14.3; front femur: 6.8; 
mid femur: 6.8; ovipositor: 8 mm.

Material examined. Republic of South Africa: Northern Cape, Namakwa Distr., 8.5 km N of Garies, on 
rt. N7, elev. 476 m (30°29'39''S, 17°56'31.2''E), 5.x.2008, coll. P. Naskrecki (RSA_36) - 1 female (holotype) 
(SAMC).

Etymology. Named with reference to the serrated upper valvula of the ovipositor.
Remarks. This species is unique among other species of the genus in the shape and armature of the 

ovipositor. The straight shape and distinct serration of the upper valvula probably indicate that the ovipositor 
is being used as a saw to open up plant tissues.

Brinckiella elegans n. sp.
(Figs. 1H, 2M–N, 5A)

Type locality. Republic of South Africa: Western Cape, Matjiesrivier Nat. Res., Pienaarsvlak (32°30'33.4''S, 
19°18'37.1''E), 880 m, 6.x.2008, coll. P. Naskrecki & C. Bazelet - female holotype (SAMC)

Diagnostic description (female, male unknown). General characteristics as for the genus, diagnostic 
characters listed below. This species can be identified by the unique shape of the female subgenital plate (Fig. 
2M) and the nearly straight and relatively long ovipositor.
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Thorax. Lateral lobe of pronotum about twice as long as high (Fig. 1H); anterior margin of pronotum flat, 
broadly rounded; metazona flat, posterior edge of metazona broadly rounded. 

Legs. Genicular lobes of front femur armed with single spines on both sides. Genicular lobes of mid femur 
armed with single spines on both side. Genicular lobes of hind femur unarmed. 

Abdomen. Female subgenital plate roughly rectangular, about 1.3 times as wide as long, posterior lobes 
rounded (Fig. 2M.) 

Ovipositor. Ovipositor almost straight, slightly curved in apical third, shorter than half of hind femur, 
dorsal edge of upper valvula parallel to lower valvula; apex pointed, with both valvulae smooth (Fig. 2N.) 

Egg. Egg elongate, cylindrical in crosssection, straight.
Coloration. Coloration bright green (Fig. 5A), antennae concolorous; antennal scapus without markings. 

Face pale green; eyes uniformly colored. Pronotum green, with thin, dark and light stripes on upper edge of 
lateral lobe, continuous with those on thorax and abdomen. Legs unicolorous, green; abdominal sterna 
without markings; abdominal terga with horizontal, thin, light stripes laterally, area between stripes somewhat 
lighter then rest of abdomen; subgenital plate without markings; ovipositor green, apex brown.  

Measurements (1 female). total body: 25; body: 18; pronotum: 3; hind femur: 17.5; front femur: 8; mid 
femur: 8; ovipositor: 8.3 mm.

Material examined. Republic of South Africa: Western Cape, Cederberg distr., Matjiesrivier Nat. Res., 
Pienaarsvlak, elev. 880 m (32°30'33.4''S, 19°18'37.1''E), 6.x.2008, coll. P. Naskrecki & C. Bazelet 
(RSA_43A) - 1 female (holotype) (SAMC).

Etymology. Named after the particularly elegant, slender appearance of this new species.
Remarks. The single collected specimen was found at night on a clump of unidentified Restionaceae.

Brinckiella aptera n. sp.
(Figs. 1I–J; 2O; 3I)

Type locality. Republic of South Africa: Western Cape, Bredasdorp Div. Pearly Beach (34°39'S, 19°28'60''E) 
ix.1959, coll. SAMC staff - male holotype (SAMC)

Diagnostic description (male, female unknown). General characteristics as for the genus, diagnostic 
characters listed below. This species is unique in the complete aptery of adult males.

Thorax. Lateral lobe of pronotum about twice as long as high (Fig. 1I); anterior margin of pronotum flat; 
broadly rounded; metazona flat, posterior edge of metazona straight (Fig. 1J); apterous.

Legs. Legs extremely long and slender. Genicular lobes of front femur armed with single spines on both 
sides. Genicular lobes of mid femur armed with single spines on both sides. Genicular lobes of hind femur 
unarmed. 

Abdomen. Tenth tergite unmodified; epiproct small and rounded, unmodified; paraprocts unmodified. 
Cercus short and stout, bent inwards halfway its length; straight when seen from side; apex tapered, with 
apical tooth (Fig. 3I); phallus entirely membranous, without sclerotized elements. Subgenital plate elongate, 
narrowly trapezoidal, straight apically; styli cylindrical, more than 3 times as long as wide, parallel; separated 
by small gap (Fig. 2O.) 

Coloration. Coloration probably green in live individuals, faded brown in dry, pinned ones, antennae 
concolorous; antennal scapus without markings. Pronotum with dark and light stripes on upper edge of lateral 
lobe, continuous with those on thorax and abdomen.  

Measurements (1 male). body: 11; pronotum: 2.1; hind femur: 15.5; front femur: 8.5; mid femur: 7.9 
mm.

Material examined. Republic of South Africa: Western Cape, Bredasdorp Div. Pearly Beach, (34°39'S, 
19°28'60''E), ix.1959, coll. SAMC staff - 1 male (holotype) (SAMC); Sneeuwgat Valley, Tulbagh Div., 
(33°8'S, 19°10'E), x.1934, coll. SAMC staff - 1 male (paratype) (SAMC).

Etymology. Named in reference to the complete lack of wings in the male of this species.
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Remarks. This unusual species is the first example of a complete aptery in the males of the 
Phaneropterinae. Despite the complete lack of wings, the tympanal organs on the front tibia in these insects 
are developed normally. The lack of stridulatory organs in B. aptera raises the question of how the females 
find males during the breeding season, and whether an alternative form of communication (e.g., tremulation 
or pheromonal communication) might have evolved in this species. 
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Abstract

Four new species (Amyttacta marakelensis n. sp., A. farrelli n. sp., Paracilacris mordax n. sp., and P. periclitatus n. sp.)
of South African Meconematinae (Orthoptera: Tettigoniidae) are described, and keys to genera Amyttacta and Paracilac-
ris are provided.

Key words: South African katydids, Meconematinae, new species

Introduction

South African Meconematinae were reviewed by Naskrecki (1996), who listed nine species from this country.
Below we describe four additional, new South African species of the Meconematine. This includes two new
species of the genus Paracilacris Chopard, a rather enigmatic taxon placed by Naskrecki in the informal Cyr-
taspis-group of the Meconematinae, in itself a rather poorly diagnosed subfamily of the Tettigoniidae (see
Naskrecki 1996 for a discussion.) The remaining two species belong to Amyttacta Beier, members of the
Amytta-group, a lineage never before recorded south of Zimbabwe. The chiefly West and Central African
Amytta-group was reviewed by Beier (1965), and additional species were described by Beier (1967), Roy
(1967), Ragge and Roy (1971), Gorochov (1993, 1994), Hemp (2001), and Naskrecki (2008). 

South African Meconematinae are small (12–23 mm), usually robust-legged katydids, with light green or
brown body coloration. All known S. African species of this group are brachypterous or micropterous, stand-
ing in a sharp contrast to primarily arboreal, mostly fully winged West and Central African members of this
subfamily. All species in S. Africa appear to be associated with grasslands or open edges of Podocarpus for-
ests, and have not been collected from trees or vegetation taller than 1–2 m. 

Also, unlike the mostly insectivorous members of the Meconematinae from other parts of Africa, S. Afri-
can species appear to be chiefly graminivorous. Data are lacking for most species, but at least two of the new
species described below have been repeatedly seen feeding of seeds and flowers of several species of grasses.
While individuals of both new species of Paracilacris were seen during the day, their feeding and reproduc-
tive activities were observed only at night, approximately between the hours 20:00 and 1:00. Males of both
Paracilacris and Amyttacta were recorded singing from low vegetation, up to 1 m above the ground.
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Methods

The new species described below were collected during several surveys of the Orthoptera of South Africa
conducted by students at the University of Stellenbosch, University of KwaZulu-Natal, and entomologists
from the Academy of Natural Sciences of Philadelphia, and Conservation International. This paper is the first
in a planned series of publications on South African katydid fauna, supported by the National Science Foun-
dation and Conservation International.

Three methods were employed for collecting meconematine katydids: (1) detecting singing males of katy-
dids at night using an ultrasound detector (2) visual search at night and during the day, and (3) net sweeping of
grasses and low vegetation during the day and at night. 

Stridulating males were detected at night by using an ultrasound detector Pettersson D200, and recorded
using a solid-state recorder Marantz PMD660 with a directional microphone Sennheiser ME-66. Since all of
the energy of the calls of A. farrelli n. sp. is in the ultrasonic range, its recordings were made through the ultra-
sound detector, and not directly with the microphone (the frequency response of the microphone was too low
to pick up ultrasonic signals.) Males of P. periclitatus n. sp. were recorded directly with the microphone. Song
terminology in the descriptions below follows Ragge and Reynolds (1998).

Representatives of all encountered new species were collected and voucher specimens were preserved in
95% ethanol and as pinned, dry specimens. 

The following conventions were adopted for specimen measurements: 

body in the female, the distance from the apex of the fastigium to the apex of ovipositor; in the male,
the distance from the apex of the fastigium to the apex of the subgenital plate 

ovipositor the distance from the base of the subgenital plate to the apex of the ovipositor.

Collection codens:

ANSP Academy of Natural Sciences of Philadelphia, Philadelphia, USA
BMNH The Natural History Museum, London, UK
MNCN Museo Nacional de Ciencias Naturales, Madrid, Spain
MZLU Museum of Zoology, Lund University, Lund, Sweden
PPRI South African National Collection of Insects, South African National Department of Agriculture,

Pretoria, Republic of South Africa
SAMC South African Museum, Cape Town, Republic of South Africa
USEC Entomological Collection, University of Stellenbosch, Stellenbosch, Republic of South Africa
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Species descriptions

Amyttacta Beier, 1965

Type species: Amyttacta rhodesica Beier, 1965: 225.

This southern African genus of the Amytta-group has been recorded previously from Angola (A. angolensis
Beier) and Zimbabwe (A. rhodesica Beier), but never south of the Limpopo River, and thus the two species
described below are the southernmost records for representatives of the Amytta-group. 

All species of Amyttacta are characterized by relatively simple cerci in the male, which are armed with

small, basal hooks or spines. The 10th in the male is well sclerotized, but not overhanging the epiproct (the

posterior edge of the 10th tergite bears two elongated processes in A. angolensis), and the subgenital plate has
a pair of small, but distinct styli. None of the known species has sclerotized titillators. The ovipositor is long
(about as long as the hind femur) and nearly straight (only the male is known in A. angolensis.)

Nothing is known about the biology of the previously described species, except for the fact that adults of
A. rhodesica are used by wasps Sphex pelopoeiformis (Dahlbom) as larval food (Beier 1965.) A. farrelli
described below, was found to be exceptionally abundant in Limpopo at grassy sites dominated by common
Guinea grass Urochloa maxima (Jacq.) R.D. Webster. The density of individuals at some sites was 10–15 indi-

viduals/m2, and often multiple individuals were seen feeding on the same grass inflorescence. These katydids
were also seen on other species of plants, but no feeding on plants other than Guinea grass was observed.

Males of A. farrelli produce long, ultrasonic calls, in the range of 31–100 kHz (see below). While no mat-
ing was observed, we saw several females carrying or eating large spermatophylaxes, suggesting a significant
paternal investment in this species (Fig. 3D).

Key to known species of Amyttacta (males)

1. Macropterous, wings extending well past the tip of the abdomen...............................................................2
 - Brachypterous, wings completely hidden under the pronotum ...................................................................3
2. Tenth abdominal tergite with a pair of elongated median lobes; cercus straight........... A. angolensis Beier
 - Tenth abdominal tergite without a pair of median lobes; cercus slightly bent inwards...A. rhodesica Beier
3. Cercus bent downwards when seen from the side (Fig. 1D), its basal part with a small, hook-like lobe

(Fig. 1E) ............................................................................................................................... A. farrelli n. sp.
 - Cercus straight when seen from the side (Fig. 1L), its basal part with a multi-lobed projection at the base

(Fig. 1J)...................................................................................................................... A. marakelensis n. sp.

Amyttacta farrelli n. sp.
(Figs. 1A–I, 3C–D, 4A–B)

Type locality. REPUBLIC OF SOUTH AFRICA: Limpopo, Lebowa, Bolobedu Dist., nr. Duiwelskloof,
(23°37'37.5''S, 30°22'11.9''E), 855 m, 28.ii.–2.iii.2008, coll. B. Gcumisa, C. Bazelet & P. Naskrecki—male
holotype (PPRI)
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Differential diagnosis. A. forrelli can be distinguished from A. rhodesica and A. angolensis by the strong
reduction of wings (the last two are fully winged.) From A. marakelensis it differs in the larger body size as
well as the shape and armature of the male cercus.

Description (male, except where specified)
General. Body small, slender, cylindrical (Figs. 3C, D); male brachypterous, female squamipterous. 
Head. Antennal scapus unarmed. Fastigium of vertex parallel-sided, blunt apically, as wide as 1/2 of

antennal scapus, not reaching apex of antennal sockets, flat dorsally; antennae about twice as long as body;
frons flat, vertical; eyes circular, weakly protruding. 

Thorax. Humeral sinus of pronotum absent, lateral lobe almost 3 times as long as high; anterior margin of
pronotum straight, flat; metazona flat (Fig. 1A), posterior edge of metazona narrowly rounded. Prosternum
unarmed. 

Legs. Legs slender. Front coxa armed with long spine, front femur unarmed ventrally; genicular lobes of
front femur unarmed. Front tibia unarmed dorsally, with 3 spines on posterior and 3 on anterior ventral mar-
gin; tympanum bilaterally open, oval. Mid femur unarmed ventrally. Mid tibia not noticeably thickened in
basal part, unarmed dorsally, with 3 spines on posterior and 4 on anterior ventral margin. Hind femur unarmed
ventrally, genicular lobes of hind femur unarmed; dorsal spines of hind tibia with alternating size, smaller and
larger. 

Wings. Tegmen reduced, shorter than pronotum, completely hidden under metazona of pronotum; anterior
margin nearly straight; hind wing absent. Costal field not dilated at base; veins Sc and R diverging towards
apex of tegmen; right stridulatory area with large, fully developed mirror (Fig. 1F). Stridulatory file elevated
on thickened vein, sharply bent in middle, with 33 teeth, 0.55 mm long, 0.03 mm wide (Fig. 1G). Female teg-
men squamiform, shorter than half of pronotum. 

Abdomen. Tenth tergite with posterior edge sclerotized, slightly raised, and with small, triangular incision;
epiproct unmodified. Cercus long and slender, bent inwards (Fig. 1C); distinctly bent downwards when seen
from side; unarmed, but with small, hook-like projection at base (Fig. 1E); apex narrowed, blunt; paraprocts
strongly enlarged and forming large, blunt projection pointing down and overhanging subgenital plate (Fig.
1D); sclerotized epiphallus absent; subgenital plate unmodified, broadly trapezoidal, straight apically; styli
cylindrical, about twice as long as wide, parallel (Fig. 1B). Female subgenital plate broadly trapezoidal, with
wide, shallow apical incision (Fig. 1I). 

Ovipositor. Ovipositor normally developed; almost straight, about as long as hind femur; apex pointed,
with both valvulae smooth, dorsal edge of upper valvula parallel to lower valvula (Fig. 1H). 

Coloration. Coloration light green, antennae concolorous; eyes uniformly colored; face without darker
markings; occiput with two light yellow bands, continuous with bands on pronotum. Pronotum with light yel-
low band on upper side of lateral lobe; hind femur uniformly colored; abdominal sterna without markings;
subgenital plate without markings. 

 Measurements (6 males, 6 females). — body: male 13.5–14.5 (14.1±.4), female 19–21 (20.4±.8); prono-
tum: male 5–5.5 (5.3±.2), female 5; tegmen: male 2.5, female 1; hind femur: male 9.5–10.5 (10±.3), female
10–11 (10.4±.4); ovipositor: 9.5–10.5 (9.9±.4) mm.

Material examined. — Republic of South Africa: Limpopo, Lebowa, Bolobedu Dist., nr. Duiwelskloof,
elev. 855 m (23°37'37.5''S, 30°22'11.9''E), 28.ii.–2.iii. 2008, coll. B. Gcumisa, C. Bazelet & P. Naskrecki—25
females, 21 males (incl. holotype, 45 paratypes) (ANSP, MCZ, PPRI, SAMC, USEC); Blyde River Canyon,
elev. 1341 m (24°34'20.5''S, 30°47'55.5''E), 2.iii. 2008, coll. B. Gcumisa—1 female (USEC).

Etymology. Named in honor of Dr. Brian D. Farrell, a prominent coleopterist and evolutionary biologist.
Bioacoustics. Males of A. farrelli were recorded stridulating from low vegetation, often as low as 10 cm

above the ground, between the hours 20:00 and 1:00. Stridulation produced by the males was entirely in the
ultrasonic range, and could not be heard by human listeners. Using an ultrasound detector Pettersson D 200
we were able to measure the frequency range of the calls, which started around 31 kHz, and continued to at
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least 100 kHz. The energy peak, based on the intensity of the signal across the spectrum, appeared to be
around 60 kHz. The call of A. farrelli consists of long echemes (4–25 seconds long), each made up of regu-
larly spaced syllables (approx. 30 syllables/sec at 20°C), and each syllable lasted approximately 0.015 sec
(Figs. 4A, B). 

Amyttacta marakelensis n. sp.
(Figs. 1J–O)

Type locality. REPUBLIC OF SOUTH AFRICA: Limpopo, Waterberg Mtns; Marakele Nat. Park; nr. Thabaz-
imbi; Kwaggasvlakte Section (24°30.869'S, 27°29.586'E), 1060 m, 5–7.iv.2006, coll. Spearman & LaPolla —
male holotype (PPRI)

Differential diagnosis. This species is similar to A. farrelli but differs in the smaller body size and the
unique shape and armature of the male cercus. Females of the two species are nearly indistinguishable, except
for the smaller size of A. marakelensis.

Description (male, except where specified)
General. Body small, slender, cylindrical; male brachypterous, female squamipterous. 
Head. Antennal scapus unarmed. Fastigium of vertex parallel-sided, blunt apically, as wide as 1/2 of

antennal scapus, not reaching apex of antennal sockets, flat dorsally; antennae about twice as long as body;
frons flat, vertical; eyes circular, weakly protruding. 

Thorax. Humeral sinus of pronotum absent, lateral lobe almost 3 times as long as high; anterior margin of
pronotum straight, flat; metazona flat, posterior edge of metazona narrowly rounded. Prosternum unarmed. 

Legs. Legs slender. Front coxa armed with long spine, front femur unarmed ventrally; genicular lobes of
front femur unarmed; front tibia unarmed dorsally, with 2–3 spines on posterior and 3 on anterior ventral mar-
gin; tympanum bilaterally open, oval. Mid femur unarmed ventrally, genicular lobes of mid femur unarmed;
mid tibia not noticeably thickened in basal part, unarmed dorsally, with 2–3 spines on posterior and 2–3 on
anterior ventral margin. Hind femur unarmed ventrally, genicular lobes of hind femur unarmed; dorsal spines
of hind tibia with alternating size, smaller and larger (Fig. 1O). 

Wings. Tegmen reduced, shorter than pronotum; completely hidden under metazona of pronotum; anterior
margin nearly straight; hind wing absent. Costal field not dilated at base; veins Sc and R diverging towards
apex of tegmen; left stridulatory area with large, poorly defined (Fig. 1M). Stridulatory file elevated on thick-
ened vein, strongly curved, with 26 teeth, 0.4 mm long, 0.02 mm wide (Fig. 1N). Female tegmina squami-
form, shorter than half of pronotum. 

Abdomen. Tenth tergite with posterior edge sclerotized, slightly raised, and with small, triangular incision;
epiproct unmodified. Cercus long and slender, bent inwards (Fig. 1K); straight when seen from side (Fig. 1L);
unarmed but with multi-lobed projection at base; apex slightly distended, blunt (Fig. 1J); paraprocts strongly
enlarged and forming large, bulbous projection pointing up, above subgenital plate; sclerotized epiphallus
absent; subgenital plate broadly trapezoidal, straight apically; styli cylindrical, about twice as long as wide,
parallel. Female subgenital plate broadly trapezoidal, with wide, shallow apical incision. 

Ovipositor. Ovipositor normally developed; almost straight, shorter than hind femur; apex pointed, with
both valvulae smooth, dorsal edge of upper valvula parallel to lower valvula. 

Coloration. Coloration light green, antennae concolorous; eyes uniformly colored; face without darker
markings; occiput with two light yellow bands, continuous with bands on pronotum. Pronotum with light yel-
low band on upper side of lateral lobe; hind femur uniformly colored; abdominal sterna without markings;
subgenital plate without markings.  

Measurements (2 males, 3 females). body: male 11.5–13 (12.3±1.1), female 20.2–21.2 (20.8±.5); prono-
tum: male 5, female 4.5–4.9 (4.6±.2); tegmen: male 2.3–2.5 (2.4±.1), female 1.5; hind femur: male 8–8.2
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(8.1±.1), female 8.9–9.8 (9.4±.5); ovipositor: 8 mm.
Material examined. Republic of South Africa: Limpopo, Waterberg Mtns; Marakele Nat. Park; nr. Tha-

bazimbi; Kwaggasvlakte Section, elev. 1060 m (24°30.869'S, 27°29.586'E), 5–7.iv. 2006, coll. L. Spearman &
J. LaPolla—3 females, 2 males (incl. holotype, 4 paratypes) (ANSP, PPRI).

Etymology. Named after the type locality of the new species, Marakele National Park in Limpopo Prov-
ince.

Other species of Amyttacta examined:

Amyttacta rhodesica Beier, 1965

Listed by Beier (1965) only from the type locality in Zimbabwe, here recorded for the first time from Angola. 
Material examined. Zimbabwe: Mashonaland, Salisbury Experimental Station, x.1957, coll. J.A. Whel-

lan—3 females, 2 males (incl. holotype, 2 paratypes) (BMNH); Angola: Dundo (Lunda), A. O. P., coll. A. DE
B. Machado—1 male (MNCN).

Amyttacta angolensis, 1965

Known only from the type locality in Angola (Beier 1965).
Material examined. Angola: Moxico Dist., Munhango, (12°10'S, 18°33'0''E), 20.ix. 1927, coll. M. Burr—

1 male (holotype) (BMNH). 
 

Paracilacris Chopard, 1955

Type species: Paracilacris lateralis Chopard, 1955: 273.
Paracilacris is a genus endemic to eastern parts of South Africa, and its species are associated with mid-

dle to high elevation grasslands. It is closely related to the genera Acilacris Bolivar and Aroegas Peringuey,
but differs in the presence of a sharply incised, horizontal subgenital plate in the male, a strongly projecting
fastigium of vertex, and the male cercus with a large, basal tooth.

Little is known about the biology of the species of this genus, but it is likely that they all feed on flowers
and seeds of grasses. P. periclitatus n. sp. was observed feeding on flowers of several unidentified species of
grasses. All species of Paracilacris have been collected during the day by grass sweeping, but their feeding
and reproductive activities most likely take place only at night. Males of P. periclitatus start stridulating
around 19:30, and continue well past midnight.

Key to known species of Paracilacris

1. Titillator as in Fig 3B, covered with numerous hooks; female subgenital plate with a pair of pointed,
upcurved lobes (Figs. 2M, N); pronotum without a distinct dark band on the lateral lobe (Fig. 2H) ...........
.......................................................................................................................................P. periclitatus n. sp.

 - Titillator as in Fig. 3A, anchor-shaped; female subgenital plate without or with pointed lobes, but lobes
never curved up on the sides of the ovipositor; pronotum with a distinct dark band on the lateral lobe (Fig.
2A) ...............................................................................................................................................................2

2. Male cercus tapered apically, without a distended lobe; ovipositor nearly straight (Fig. 2P), female sub-
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genital plate with a pair of pointed lobes (Fig. 2O) .......................................................P. lateralis Chopard
 - Male cercus with a large, subapical lobe (Fig. 2B); ovipositor strongly curved (Fig. 2G); female subgeni-

tal plate without pointed lobes (Fig. 2F).............................................................................. P. mordax n. sp.

Paracilacris mordax n. sp.
(Figs. 2A–G, 3A)

Type locality. REPUBLIC OF SOUTH AFRICA: Free State, Golden Gate Highlands National Park, vic. Glen
Reenen Rest Camp, Oribi Loop (28°30.343'S, 28°39.208'E), 2094 m, 3.xi.2005, coll. L. Spearman & J.
LaPolla—male holotype (PPRI)

Differential diagnosis. This species is similar in coloration and appearance to P. lateralis, but can be dis-
tinguished by the unique form of the male cercus (Fig. 2B) and the short, strongly curved ovipositor (oviposi-
tor long, nearly straight in P. lateralis.) From P. periclitatus it differs in the details of the reproductive
structures in both sexes, smaller body size, and the shape of the male tegmen.

Description (male, except where specified)
General. Body small, robust, cylindrical; male brachypterous, female squamipterous. 
Head. Fastigium of frons small, separated from fastigium of vertex by distinct gap. Fastigium of vertex

parallel-sided, blunt apically, slightly narrower than antennal scapus, almost reaching apex of antennal sock-
ets, flat dorsally; antennal scapus unarmed; antennae as long as body; frons slightly convex, oblique; eyes cir-
cular, weakly protruding. 

Thorax. Pronotum surface smooth; humeral sinus of pronotum absent; marginal fold of pronotum very
narrow, smooth, lateral lobe almost 2.5 times as long as high; anterior margin of pronotum straight, flat; meta-
zona weakly convex (Fig. 2A), posterior edge of metazona broadly rounded. Prosternum unarmed; thoracic
auditory spiracle hidden under pronotum. 

Legs. Legs short, robust. Front coxa armed with long spine, front femur unarmed ventrally; genicular
lobes of front femur unarmed. Front tibia unarmed dorsally, with 4 spines on posterior and 4 on anterior ven-
tral margin, ventral spines on front tibia short, about half as long as tibia diameter; tympanum bilaterally open,
oval, about twice as long as wide. Mid femur unarmed ventrally, genicular lobes of mid femur unarmed; mid
tibia not noticeably thickened in basal part. with 1–2 small spines dorsally, with 3 spines on posterior and 3–4
on anterior ventral margin. Hind femur unarmed ventrally, genicular lobes of hind femur unarmed; dorsal
spines of hind tibia with alternating size, smaller and larger. 

Wings. Tegmen reduced, completely hidden under pronotum; apical part truncate, nearly straight; anterior
margin rounded; hind wing absent. Costal field narrow; veins Sc and R close together, parallel along their
entire length; right stridulatory area with large, fully developed mirror; mirror roughly rectangular; left stridu-
latory area with large, fully developed mirror (Fig. 2D). Stridulatory file elevated on thickened vein, straight,
with 19 teeth, 1.2 mm long, 0.06 mm wide (Fig. 2E). Female tegmina squamiform, shorter than quarter of
pronotum. 

Abdomen. Tenth tergite unmodified; epiproct unmodified, triangular. Cercus short, straight; straight when
seen from side; with large, inner tooth; apex strongly flattened dorso-ventrally and distended laterally (Fig.
2B); paraprocts not sclerotized, forming short, finger-like lobes pointing down; sclerotized epiphallus anchor-
shaped, with long, straight middle arm (Fig. 3A). Subgenital plate elongate, narrowly trapezoidal, with small,
triangular apical incision; styli absent (Fig. 2C). Female subgenital plate broadly trapezoidal, with very shal-
low apical incision (Fig. 2F). 

Ovipositor. Ovipositor strongly curved, as long as 1/2 of hind femur, apex with strong apical teeth on both
valvulae, dorsal edge of upper valvula parallel to lower valvula (Fig. 2G). 

Coloration. Coloration light brown, with dark markings, antennae concolorous; antennal scapus with light
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stripe, continuous with that on head; eyes with dark, horizontal band; face brown; occiput with dark brown
median stripe, continuous with that on pronotum. Pronotum with narrow, dark brown stripe dorsally and
wider, dark brown bands on lateral lobes; abdominal terga with dark brown stripe laterally, light brown dor-
sally. Legs unicolorous.  

Measurements. (3 males, 1 female). - body: male 11.5-14 (12.4±1.4), female 14; pronotum: male 6,
female 6; tegmen: male 2.5, female ; hind femur: male 9-9.5 (9.3±.3), female 9.5; ovipositor: 4 mm.

Material examined. Republic of South Africa: Free State, Golden Gate Highlands National Park, vic.
Glen Reenen Rest Camp, Oribi Loop, elev. 2094 m (28°30.343'S, 28°39.208'E), 3.xi. 2005, coll. L. Spearman
& J. LaPolla—1 male (holotype) (PPRI); same locality, elev. 2089 m (28°30.34'S, 28°39.165'E), 5.xi. 2005,
coll. L. Spearman & J. LaPolla—1 female (paratype) (PPRI); same locality, elev. 2088 m (28°30.339'S,
28°39.153'E), 5.xi. 2005, coll. L. Spearman & J. LaPolla—1 male (paratype) (PPRI); Golden Gate Highlands
National Park; vic. Glen Reenen RestCamp; Oribi Loop, elev. 2069 m (28°30.366'S, 28°39.211'E), 5.xi. 2005,
coll. L. Spearman & J. LaPolla—1 male (paratype) (ANSP); same locality, elev. 2011 m (28°30.355'S,
28°39.215'E), 31.iii. 2006, coll. L. Spearman & J. LaPolla—1 nymph male; same locality, elev. 2009 m
(28°30.332'S, 28°39.181'E), 31.iii. 2006, coll. L. Spearman & J. LaPolla—1 nymph male (ANSP); Golden
Gate Nat. Park, Echo Ravine trail, elev. 1928 m (28°30'18.3''S, 28°37'8.6''E), 4.iii. 2008, coll. P. Naskrecki &
C. Bazelet—1 nymph male (ANSP).

Etymology. The specific epithet mordax [Lat.], meaning “biting”, reflects the apparently very aggressive
nature of this small new katydid, as reported by one of its collectors, Dr. John LaPolla.

Paracilacris periclitatus n. sp.
(Figs. 2H–N, 3B, 4C–D)

Type locality. REPUBLIC OF SOUTH AFRICA: KwaZulu Natal, Ugum Distr., Ingeli Forest, 30 km E Koks-
tad (30°30'5.8''S, 29°42'32.1''E), 1384 m, 9.iii.2008, coll. D. Otte, P. Naskrecki & G. Cowper—male holotype
(PPRI)

Differential diagnosis. This species is easily distinguished from other member of the genus by its uniform
coloration, lacking dark, lateral stripes of the remaining two species. The sclerotized part of the epiphallus (tit-
illator) is covered with numerous hooks (Fig. 3B) (titllator smooth in other species), and the female subgenital
plate has a pair of characteristic, upcurved, pointed lobes.

Description (male, except where specified)
General. Body large for the genus, robust, cylindrical; male brachypterous, female squamipterous. 
Head. Fastigium of frons not developed. Fastigium of vertex triangular, blunt apically, as wide as 1/2 of

antennal scapus, not reaching apex of antennal sockets, flat dorsally; antennal scapus unarmed; antennae
slightly longer than body; frons flat, slightly oblique; eyes circular, weakly protruding. 

Thorax. Pronotum surface smooth; humeral sinus of pronotum absent; marginal fold of pronotum very
narrow, smooth, lateral lobe almost 2.5 times as long as high; anterior margin of pronotum straight, flat; meta-
zona convex (Fig. 2H), posterior edge of metazona broadly rounded. Prosternum unarmed. Thoracic auditory
spiracle minute, circular, completely hidden under pronotum. 

Legs. Legs slender. Front coxa armed with long spine, front femur unarmed ventrally; genicular lobes of
front femur unarmed. Front tibia unarmed dorsally, with 2–3 spines on posterior and 1–3 on anterior ventral
margin, ventral spines on front tibia short, about half as long as tibia diameter; tympanum bilaterally open,
oval, about twice as long as wide. Mid femur unarmed ventrally, genicular lobes of mid femur unarmed; mid
tibia not noticeably thickened in basal part. unarmed dorsally, with 2–3 spines on posterior and 3–4 on ante-
rior ventral margin. Hind femur unarmed ventrally, genicular lobes of hind femur unarmed; consecutive dorsal
spines of hind tibia of similar size. 
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Wings. Tegmen reduced, completely hidden under pronotum; narrowly rounded; anterior margin rounded;
hind wing absent. Costal field narrow; veins Sc and R close together, parallel along their entire length; right
stridulatory area with large, fully developed mirror; mirror roughly cicrular; left stridulatory area with large,
fully developed mirror (Fig. 2K). Stridulatory file elevated on thickened vein, nearly straight, bent in proximal
fourth, with 61 teeth, 2.1 mm long, 0.06 mm wide (Fig. 2L). Female tegmina squamiform, shorter than quarter
of pronotum. 

Measurements (3 males, 1 female). body: male 11.5–14 (12.4±1.4), female 14; pronotum: male 6, female
6; tegmen: male 2.5, female ; hind femur: male 9–9.5 (9.3±.3), female 9.5; ovipositor: 4 mm.

Abdomen. Tenth tergite unmodified; epiproct unmodified, rounded. Cercus short, straight; horizontal
when seen from side, and with large, inner tooth; apex tapered (Fig. 2I); paraprocts not sclerotized, forming
short, finger-like lobes pointing down; sclerotized epiphallus elongate, parallel-sided, truncated apically, and
covered with minute hooks (Fig. 3B). Subgenital plate elongate, narrowly trapezoidal, with small, triangular
apical incision; styli absent (Fig. 2J). Female subgenital plate broadly rectangular, with deep, triangular apical
incision (Fig. 2M), posterior lobes narrow, curved upwards (Fig. 2N). 

Ovipositor. Ovipositor strongly curved, shorter than half of hind femur, apex with strong apical teeth on
both valvulae, dorsal edge of upper valvula parallel to lower valvula (Fig. 2N). 

Coloration. Coloration light green (Fig. 3E) to pinkish-brown (Fig. 3F), antennae concolorous; antennal
scapus without markings; eyes with dark, horizontal band; face green; occiput with two light yellow bands
behind eyes. Pronotum with sparsely distributed, small, brown or blue dots and patches; abdominal terga with
densely distributed, dark dots. Legs without distinct markings; ovipositor brown. 

 Measurements (6 males, 6 females). — body: male 14–17 (15.6±1.1), female 17.5–21 (19.1±1.2); prono-
tum: male 8.3–9 (8.6±.3), female 7–8.1 (7.6±.5); tegmen: male 5–5.5 (5.4±.2), female 1–1.2 (1.1±.1); hind
femur: male 10.5–11.5 (11.1±.4), female 12–12.5 (12.1±.2); ovipositor: 4.5–5.5 (5.2±.4) mm.

Material examined. Republic of South Africa: KwaZulu Natal, Ugum Distr., Ingeli Forest, 30 km E
Kokstad, elev. 1384 m (30°30'5.8''S, 29°42'32.1''E), 9.iii. 2008, coll. D. Otte, P. Naskrecki & G. Cowper—11
females, 9 males (holotype and paratypes), 3 nymphs, 1 nymph male (ANSP, PPRI, SAMC, USEC).

Etymology. The specific epithet periclitatus [Lat.] (= endangered) refers to the potentially precarious situ-
ation of the only known population of this species, restricted to a small, remaining strip of the natural
Podocarpus forest, surrounded by active pine and Eucalyptus plantations.

Bioacoustics. Males of P. periclitatus were recorded stridulating from low, herbaceous vegetation between
the hours 19:30 and 11:30. A large portion of their call was within the audible part of the spectrum, and, while
rather quiet, they could be heard from a distance of about 10 m. The call consists of echeme-sequences 4–60
sec. long, each divided into echemes at the rate of 3.49–3.67 echemes/sec at 20°C, and each echeme divided
into three syllables (Figs. 4C, D.) The energy peak within the recorded spectrum (which was limited to 44 kHz
at the upper margin) was around 16 kHz, making the call audible to the human ear. 

Other species of Paracilacris examined:

Paracilacris lateralis Chopard, 1955
(Figs. 2P–O)

Listed by Chopard (1955) from KwaZulu Natal and eastern Cape, here it is recorded for the first time from
Free State. 

Material examined. Republic of South Africa: KwaZuluNatal, Royal Natal National Park, Tugela Val-
ley, on meadow near river, Station No. 261, elev. 1524 m (28°43'60''S, 28°55'0''E), 4.iv. 1951, coll. P. Brinck
and G. Rudebeck (Station No. 261)—1 male (holotype) (MZLU); Eastern Cape, Elands Height, 15 miles SW
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Mount Fletcher, on grassy hill side, Station No. 217, elev. 1829 m (30°51'31.44''S, 28°22'35.36''E), 9.iii. 1951,
coll. P. Brinck and G. Rudebeck (Station No. 217)—1 female (allotype) (MZLU); Free State, Golden Gate
Highlands National Park; vic. Glen Reenen Rest Camp; Oribi Loop, elev. 2006 m (28°30.359'S, 28°39.184'E),
30.iii. 2006, coll. L. Spearman & J. LaPolla—1 female, 1 nymph female.
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FIGURE 1. Amyttacta farrelli. A. male head and pronotum, lateral view; B. male subgenital plate; C. apex of male abdo-
men, dorsal view; D. ditto, lateral view; E. male right cercus, dorsal view; F. male left tegmen; G. stridulatory file; H. ovi-
positor; I. female subgenital plate; A. marakelensis. J. male right cercus, dorsal view; K. apex of male abdomen, dorsal
view; L. ditto, lateral view; M. male left tegmen; N. stridulatory file; O. spines on hind tibia.
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FIGURE 2. Paracilacris mordax. A. male head and pronotum, lateral view; B. apex of male abdomen, dorsal view; C.
male subgenital plate; D. male left tegmen; E. stridulatory file; F. female subgenital plate; G. ovipositor; P. periclitatus.
H. male head and pronotum, lateral view; I. apex of male abdomen, dorsal view; J. male subgenital plate; K. male left
tegmen; L. stridulatory file; M. female subgenital plate; N. ovipositor; P. lateralis. O. female subgenital plate; P. ovipos-
itor.
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FIGURE 3. Paracilacris mordax. A. titillator, dorsal view; P. periclitatus. B. titillator, dorsal view; Amyttacta farrelli. C.
male, lateral view; D. female devouring the spermatophylax; Paracilacris periclitatus. E. male, dorso-lateral view (green
form); F. female, dorso-lateral view (brown form).
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FIGURE 4. Oscillograms of male airborne calls. Amyttacta farrelli. A. 5 s fragment of an echeme; B. 0.5 s fragment

showing syllables; Paracilacris periclitatus. C. 5 s fragment of echeme-sequence; D. 0.5 s fragment showing a single

echeme.
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