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RZ than TZ, and small, flightless or poorly-flighted, vege-
tation-specialists which are narrow-range endemics adapted 
to both RZ and TZ, but still more abundant in the TZ. We 
conclude that although the vegetation of this riparian zone 
may require some special conservation attention, this is not 
so for the grasshoppers which overall are best conserved in 
the TZ.
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Introduction

Natural riparian zones (RZs) are linear landscape elements 
and ecotones that encompass portions of both aquatic and 
terrestrial environments (Naiman and Decamps 1990). 
They are complex and dynamic biophysical systems, which 
in the larger landscape have a diverse mosaic of habitats, 
microhabitats and communities (Naiman et al. 1993). RZs 
are also key landscape features with considerable regula-
tory control over environmental vitality (Naiman et  al. 
1992; Reinecke 2013), including light, temperature and 
nutrient regulation.

It is often unclear how many faunal species are present 
in RZs as many may use the RZ as a conduit for move-
ment and are present one moment but not the next (Nils-
son 1992). Furthermore, RZs are a mediator of community 
movement between the aquatic and terrestrial zones (TZs), 
and are through-flow systems between these two zones, 
as well as along the length of the river. In short, RZs pro-
vide connectivity between the aquatic and terrestrial sys-
tems as well as along the river for energy flow, matter and 
organisms (Ward et al. 2002). This landscape connectivity 

Abstract  Riparian zones (RZs) functionally connect 
aquatic and terrestrial ecosystems, and have azonal and geo-
graphically widespread plant communities that differ from 
those of the neighboring terrestrial zone (TZ). Although 
well studied botanically, RZs are not well understood in 
terms of their terrestrial insect diversity, including grass-
hoppers. The Cape Floristic Region (CFR) is a global bio-
diversity hotspot with small rocky rivers running through 
highly diverse sclerophyllous vegetation. It has high levels 
of endemism among many taxa, including grasshoppers, 
making it ideal for testing the effect of azonal vegetation 
on grasshopper assemblages of the RZ, and determining 
whether conservation efforts should be focused on the RZ 
as well as the TZ. We determine grasshopper dispersion 
patterns along the RZ of an important CFR river, and com-
pare these patterns with those of the TZ to understand the 
habitat occupancy relative to 27 environmental variables 
of the zones and geographical distribution of the grasshop-
pers. Forty percent of individuals we collected were CFR 
endemics. We found only weak differences in the grass-
hopper assemblages between the RZ and TZ, apparently 
driven by deep history, complex geomorphology, stressful 
environmental conditions, a diverse vegetation and land 
mosaic, and probable high predator pressure. There were 
two groups: large-sized, well-flighted, geographically wide-
spread generalists that were overall more abundant in the 
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generally enhances population viability for numerous spe-
cies so enhancing biodiversity maintenance (Samways and 
Pryke 2016). Alternatively, in threatened habitats, this con-
duit may serve as an introduction pathway for widespread, 
generalist, species which can out-compete localized spe-
cialists for resources.

Typically, RZ vegetation is categorized globally as 
azonal. Azonal plant communities are those influenced 
more strongly by edaphic factors than by local climate, and 
include wetlands and alluvial vegetation, as well as ripar-
ian vegetation. RZ vegetation plays an important role in the 
functioning of riverine ecosystems (Sieben 2000). This RZ 
azonal vegetation is highly dynamic and diverse, and pro-
vides a wide range of ecological niches (Sieben and Rei-
necke 2008; Sieben et al. 2009).

There has been little focus on the relationship between 
RZs and TZs in terms of their terrestrial arthropod assem-
blages (Paetzold et al. 2005), although there can be an asso-
ciation between terrestrial arthropods and those in the RZ 
(Nelson 2007; Paetzold et  al. 2008; Capello et  al. 2012), 
and certain animal species (Lepidoptera and birds) can be 
indicative of riparian vegetation quality and health (Nelson 
and Andersen 1994; Innis et  al. 2000; Bryce et  al. 2002), 
with many species particular to RZs (Sabo et al. 2005) and 
with specialized life history traits (Lambeets et al. 2009).

The Cape Floristic Region (CFR) is a global biodiversity 
hotspot with a rugged terrain and many small rivers. Char-
acteristically it has high levels of diversity of plants (Linder 
2003) and insects (Johnson 1992; Wright and Samways 
1998; Picker and Samways 1996; Proçhes and Cowling 
2006), including Orthoptera (Adu-Acheampong et al. 2016; 
Naskrecki and Bazelet 2009; Matenaar et al. 2015).

The CFR is dominated by the Fynbos Biome, with 
many species of plants being highly localized, and groups 
of them clustering into ‘centers of endemism’ (Rebelo and 
Low 1996), as with dragonflies (Grant and Samways 2007, 
2011). The main plant families that characterize the fynbos 
are the Ericaceae, Proteaceae and Restionaceae (Cowling 
et  al. 1989). Endemic CFR grasshoppers have adapted to 
the fynbos terrain and to the vegetation composition and 
structure, as well as to the low nutritional value of the fyn-
bos plants. Such grasshopper-plant specialization is promi-
nent in the Lentulidae, including species of Betiscoides, 
which are flightless and associated with the Restionaceae 
(Key 1937), where they are camouflaged by their colora-
tion, small size, and slender body shape (Matenaar et  al. 
2015).

The terrestrial vegetation of the CFR is of a different 
structure from that of the RZ, even though both zones con-
tain endemic and fynbos specific plants. The RZ is usually 
dominated by larger plant structures (trees) than the TZ 
(Sieben 2000). In general, fynbos is composed of a high 
turnover of patchily-distributed, bushy and herbaceous 

plant species (Sieben et al. 2009) that are adapted to nutri-
ent poor soils, having low productivity, and providing little 
nourishment (high fibre to protein and water ratio) for phy-
tophagous insects (Giliomee 2003).

Grasshopper assemblages of the CFR cover a spec-
trum of species from those that are narrow range endem-
ics to those that are widespread in Africa (Schlettwein and 
Giliomee 1987). So, here we focus on occupancy patterns 
of grasshoppers in the RZ, and ask whether the grasshop-
per assemblages are the same or different from those in the 
adjacent TZ. However, grasshoppers are not common in 
natural habitat of the CFR (Schlettwein and Giliomee 1987; 
Matenaar et al. 2014), with rarity a common feature among 
all species, especially the endemics, making sampling chal-
lenging. As the CFR RZ plant assemblages are azonal, thus 
containing a diversity of structural types to which grass-
hoppers have a known association, we hypothesize that the 
local RZ herbivorous grasshoppers will have a higher pro-
portion of geographically widespread species than special-
ized narrow-range endemics in comparison with the TZ. If 
this is the case, the RZ grasshoppers may not require spe-
cial protection separate from those in the TZ.

Sites and methods

Study area and sites

Our study was conducted along the Lourens River 
(-34.027651°S 18.959923°E), Somerset West, West-
ern Cape Province, South Africa (Fig. 1). The region has 
a winter rainfall, and in the mountains there is a mean 
annual rainfall of 1200  mm, whereas at lower elevations 
the amount is 915 mm. The area is relatively windy with 
occasional very strong winds, and wind direction is usu-
ally from the south-east or north-west, averaging 4–6.5 m/s. 
The area is dominated by mountain fynbos, with pockets 
of afromontane forests in the ravines, Boland granite fyn-
bos, shale Renosterveld and Lourensford alluvium fynbos. 
Boland granite fynbos is an endangered vegetation type 
with medium-dense to open tree vegetation within tall, 
dense proteoid shrubland. Both shale Renosterveld and 
Lourensford alluvium fynbos are critically endangered veg-
etation types. Shale Renosterveld has tall, open shrublands 
and grasslands, whereas Lourensford alluvium fynbos is 
composed of low to medium-dense shrubland with a short 
graminoid understory (Mucina and Rutherford 2006).

The RZ included the wet bank zone closest to the river, 
where the vegetation began, which included bedrock and 
sand, and where there were considerable water fluctua-
tions, typically low levels in summer and high in winter. 
We chose eight sampling locations along the river over 
a distance of 2000 m and covering an elevation range of 
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291–525 m above sea level. Each location was at >200 m 
from the next location. Sampling was done on the acces-
sible south side of the river (Fig.  1). Each location was 
made up of four zones: riparian (i.e. RZ) and three non-
riparian zones (here termed terrestrial zones (TZ) 1–3), 
with each zone parallel to the other. Each zone was 35 m 
(the actual sampled area, excluding the spaces between 
transects; see below) in width and 25 m in length (width 
referring to the distance perpendicular to the river, 
whereas length refers to the distance parallel to the river). 
Specifically, the RZ extended from the river’s edge up to 
35  m away from that edge [to encompass the marginal, 
lower and upper zones with alluvial soils (Reinecke 
2013)], then there was a gap of 45 m (to avoid spillover 
effects between the two zones, RZ and TZ) before the 
first of three TZ transects began (i.e. TZ1 started 80  m 
from the river’s edge). The 35 m-wide transect was main-
tained for consistency, and so TZs1, 2 and 3 were all 
35 m wide and separated by gaps of 65 m making arbi-
trary 100 m-wide transects parallel to the river i.e. TZ1 
was separated from TZ 2 which in turn was separated 
from TZ 3 by a 65  m gap. This meant that TZ2 started 
180 m and TZ3 started 280 m from the river’s edge.

Each zone (RZ, TZ1, TZ 2 and TZ 3) had seven sampling 
units (SUs) in the form of 5  m  ×  25  m (width  ×  length) 
transects, where grasshopper sampling took place. This 
meant that the sampling area was 7 × 5 (35) × 25 = 875 m2. 
These SUs were in a line along each transect and were 
2.5 m apart from each other. To summarize the sampling 
design, each location was made up of four zones (1 RZ, 3 
TZs) with seven SU’s each, adding up to 28 SUs per loca-
tion and 224 SUs in total. Each zone covered a sampling 
area of 875 m2, each location covered a sampling area of 
3,500 m2 (875 m2 × 4) and the entire study covered a sam-
pling area of 28,000 m2 (3,500 m2 × 8).

Grasshopper sampling

Grasshoppers were sampled on warm, sunny and wind-
free days, with a minimum temperature of 20 °C, between 
9h00 and 17h00. All SUs were sampled twice, to sample 
early season and late season species, between September 
2014 and June 2015, and sampling was across zones at 
each location to ensure comparison. The aim was to sam-
ple all grasshopper individuals in the SUs (5  m  ×  25  m) 
using a combination of sampling methods to ensure that the 

Fig. 1   Study map showing the eight study locations with their four 
zones (one riparian zone and three terrestrial zones). The grey area 
represents agriculture, the black lines and area represent rivers and 

dams, black circle riparian zone, dark grey terrestrial zone 1, light 
grey terrestrial zone 2, open circles terrestrial zone 3
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maximum number of individuals were sampled. Grasshop-
pers were sampled along each transect of every location, 
walking the length (25 m) of the SU and then walking back 
along the same SU, resulting in a sampled length of 50 m 
(indirectly having a transect of 5 × 50  m). The reason for 
this double pass was that some grasshoppers are more elu-
sive than others and could only be detected when returning 
along the length of the SU (25 m). Only adults were used in 
analyses to ensure correct identification.

Grasshoppers were also sampled by flushing (Gardiner 
et  al. 2002), active searching (especially within the restio 
stands), direct observation, and with supplementary sweep 
netting (Gardiner et al. 2005). We swept along the SU over 
the vegetation 20 times every 3  m in one direction. This 
was also repeated on the way back. The net was checked 
for any grasshopper individuals after every sweep. Sampled 
individuals were retained with details of date, elevation 
and GPS coordinates, and placed in a freezer for 2–3 days, 
and then later pinned. Specimens were identified to species 
level using all available literature, especially Dirsh (1965), 
Spearman (2013) and Eades et al. (2015).

Environmental variables

In all, 27 environmental variables were recorded (Table 2) 
which relate to distance to the river, cover (vegetation of 
various types, bare ground and leaf litter), vegetation height 
(of various vegetation types), elevation, certain combi-
nations of these, and zone (RZ, T1, T2, T3). Vegetation 
composition, cover and average height were recorded at 
each SU. Vegetation composition and associated variables 
were classified into different growth forms: trees, herba-
ceous plants, shrubs, restio stands, geophytes, ferns (mostly 
Pteridium aquilinum), dead biomass litter, rock cover and 
bare ground cover. Bare ground, dead biomass litter, as 
well as rock cover, were included into vegetation composi-
tion and cover, but not height. This overall approach was 
taken as it is known that vegetation architecture (compo-
sition, structure, cover and height) significantly influences 
grasshopper species presence/absence (Fartmann et  al. 
2012; Crous et  al. 2014; Joubert et  al. 2016). Vegetation 
height was measured in every SU at 5 m intervals with a 
measuring stick and the average height of each growth form 
was pooled separately in each 25 m-long SU (i.e. there was 
a total of 224 × 6 = 1,344 vegetation sample points). The 
average cover was estimated while walking along the SU 
(transect). Elevation was recorded at each SU using a Pola-
ris Navigation GPS application version 7.92.

Statistical analyses

The non-parametric species estimators Chao2 and Jack-
knife2 were calculated in PRIMER 6 (PRIMER-E 2009) 

to assess the representativeness of sampling. Additionally, 
we calculated the grasshopper conservation index (GCI) 
for each zone in each location (n = 28). GCI is a method 
for estimating the conservation value of a site on the basis 
of the conservation value of the individual grasshopper 
species at that site. Scores are assigned to each grasshop-
per species on the basis of their traits. The more endemic, 
sedentary, and rare a species, the more sensitive it is con-
sidered to be, and the higher its GCI score. To calculate 
GCI for a site, the GCI values of each individual species 
occurring at that site are summed. The higher the value, the 
higher the conservation priority of the site. Standardized 
GCI (GCIn) is calculated in a similar way but the sum of all 
species’ GCIs is then divided by the species richness at the 
site, and the resulting value is a measure of the mean spe-
cies value at the site (see Matenaar et al. 2015 for details of 
calculation).

In order to model the response of the grasshopper assem-
blages to the environmental variables, Generalized Linear 
Mixed Models (GLMMs) were calculated using the MASS 
package in R (R Development Core Team 2015), using the 
penalized quasi-likelihood estimation method and data fit-
ted to a Poisson distribution (Bolker et  al. 2009). These 
data were tested for spatial autocorrelation using a semi-
variogram. When a random, dummy variable was exponen-
tially correlated to longitude and latitude it improved the 
semivariogram (Dormann et  al. 2007). Correlated longi-
tudinal and latitudinal data were used as the random vari-
able to overcome spatial autocorrelation in the data for all 
GLMM.PQL analyses. These analyses were done for five 
categories of grasshoppers: (1) the overall assemblage, 
(2) CFR endemic species, (3) geographically widespread 
species in southern Africa and beyond, and (4) flightless 
species (a subset of the CFR endemics). As all flightless 
individuals totaled no more than one per site, we analyzed 
only species richness for this group. For the four most com-
monly sampled species (those with abundance >10 individ-
uals), abundances were also analyzed.

For each of the response variables, we created four mod-
els: the first had distance to river, elevation, average veg-
etation cover and height as fixed variables, the second had 
the same variables as the first model with the first order 
interactions also included. A third model was created with 
all distances to river, elevation and the vegetation cover 
and height categories (per vegetation type) as described 
above included as fixed variables. These three were ana-
lyzed using package GLMM.PQL. The fourth model was 
a GLMM using a Laplace approximation and data fitted to 
a Poisson distribution using the lme4 package in R (Bates 
2005). This model had the zones (RZ, TZ1-3) described 
above as the fixed effect and elevation, average vegetation 
cover and height as random effects. Pairwise Tukey post-
hoc tests were performed on all significant results using 
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the multcomp package in R (Hothorn et al. 2008). Finally, 
a LMM was run on the GCI and GCIn scores with Eleva-
tion as a random effect. Pairwise tests were conducted on 
significant results.

Non-metric multidimensional scaling (nMDS) and dis-
tance based redundancy analyses (db-RDA) were per-
formed in Primer 6 to visually assess patterns of similarity 
in the grasshopper assemblage. To test for differences in 
assemblage structure among the riparian and three terres-
trial zones, permutational multivariate analyses of variance 
(PERMANOVA) were performed using 9,999 permuta-
tions and elevation as a random variable in PERMANOVA 
(Anderson 2006; PRIMER-E 2009). Distance based linear 
models (DISTLM) were used to determine the effect that 
distance to river, elevation, average vegetation cover and 
height as well as vegetation cover and height (per vegeta-
tion type) as described above. All the environmental vari-
ables were normalized. nMDSs and PERMANOVAs were 
based on Bray-Curtis similarity matrices derived from 
square root transformed abundance data (Anderson 2001).

Results

Grasshopper species richness, abundance and GCI 
scores

Despite sampling 28,000 m2 in this CFR global biodiver-
sity hotspot, only a total of ten species (314 individuals) 
belonging to six subfamilies and two families, were sam-
pled across the entire study. Species accumulation curves 
showed a near asymptote, with Chao2 estimates of 14.50 
(±7.19), Jackknife1 = 12.98 and Jackknife2 = 14.95. Of 
the ten species sampled, four are endemic to the CFR, 

eight are South African species, while only two are wide-
spread generalist species. A total of 93 CFR endemic 
individuals, 201 South African individuals and 20 wide-
spread individuals were sampled. Three of the species 
captured were flightless CFR endemics (Table 1).

None of the assemblages sampled showed a significant 
response in either species richness or abundance to dis-
tance to river or elevation (Table  2). The overall grass-
hopper assemblage showed a significantly positive cor-
relation between species richness and vegetation height, 
elevation, rock cover, bare ground cover, tree cover, shrub 
cover and restio cover (Table 2). Many of these variables 
are correlated to distance to river (Supplementary Mate-
rial 1). The overall abundance was positively correlated 
to tree cover (Table  2). The widespread species were 
positively correlated to tree cover only (Table 2). Overall 
species richness showed an interaction between vegeta-
tion height and elevation with high richness at low eleva-
tions in low vegetation, and in tall vegetation at higher 
elevations (Table 2). The CFR and flightless species rich-
ness and abundance showed an interaction between dis-
tance to river and vegetation height, with high species 
richness in tall vegetation far from the river (Table  2). 
When the four zones were analyzed separately, we found 
that only the CFR endemics had significantly higher spe-
cies richness in TZ1 vs. the RZ vs. (Table 2; Fig. 2).

The GCI scores showed significant differences 
between the four zones (χ2 = 11.48, p = 0.0094), with T1 
significantly higher than both T2 (z = 5.08, p < 0.001) and 
T3 (z = 4.80, p < 0.001) (Fig.  3). GCIn showed no sig-
nificant difference between zones (χ2 = 3.47, p = 0.3242), 
although there was a general pattern of an increasing 
score the farther the TZ zone was from the RZ (Fig. 3).

Table 1   Grasshopper species, 
their grasshopper conservation 
index (GCI) score, and 
abundance in the riparian zone 
(RZ) and terrestrial zones, TZ1, 
TZ2, and TZ3

a Cape Floristic Region endemic species
b Widespread species
c Flightless species

Family/subfamily Species GCI RZ TZ1 TZ2 TZ3

Acrididae
 Acridinae Keya capicola Uvarov, 1941a 0.78 1
 Catantopinae Frontifissia laevata Dirsh, 1956a, c 1.00 1 2

Vitticatantops humeralis (Thunberg, 1815)b 0.44 10 12 8 10
 Cyrtacanthacridinae Acanthacris ruficornis ruficornis (Fabricius, 1787)b 0.33 8 4 6 1
 Eyprepocnemidinae Eyprepocnemis calceata (Serville, 1838)b 0.44 30 13 13 9
 Oedipodinae Acrotylus patruelis (Herrich-Schäffer, 1838)b 0.56 1

Heteropternis pudica (Serville, 1838)b 0.67 1 1
Sphingonotus nigripennis (Serville, 1838)b 0.67 1

Lentulidae
 Lentulinae Betiscoides sp.a, c 0.78 11 21 22 28

Gymnidium cuneatum (Rehn, 1944)a, c 0.89 1 4 1 1
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Abundance of the most common species

The four most commonly collected species (>10 individu-
als were collected per species) were also analyzed individu-
ally: Betiscoides sp. (Lentulidae, Lentulinae), was the only 
CFR endemic species of these four species. Betiscoides sp. 
abundance showed a significantly positive relationship to 
elevation and to a combination of all vegetation cover and 
all height variables (Table 3).

Vitticatantops humeralis (Acrididae, Catantopinae) is a 
widespread species but confined to South Africa which was 
significantly negatively influenced by rock cover and leaf 
litter cover (Table 3). Eyprepocnemis calceata (Acrididae, 
Eyprepocnemidinae), also a South African species, was 
significantly more abundant in the riparian zone compared 

to TZ 1 and TZ 2 although this was not explained by any 
of the environmental variables or their interaction terms 
(Table 3; Fig. 2). Acanthacris ruficornis (Acrididae, Cyrta-
canthacridinae), an African widespread species, was signif-
icantly more abundant in areas with greater restio and fern 
height (Table 3).

Response of assemblage composition to environmental 
variables

Overall, distance to river was the strongest explanatory 
variable for grasshopper species composition (Table  4; 
Fig. 4). Elevation, fern cover, shrub cover and bare ground 
cover also significantly influenced the species composi-
tion (Table 4; Fig. 4). The zone in which the SU lay also 

Table 2   Responses of 
grasshopper species richness 
(SpR) and abundance 
(Abu) compared to various 
environmental variables 
using PQL generalized linear 
mixed models (with Poisson 
distribution and exponential 
correlation of geographical 
co-ordinates as a random 
effect), χ2 main effect tests 
values are shown here

*p < 0.05, **p < 0.01, ***p < 0.001
a Four models were built, the first had all the main effects (which are the main effects results shown here)
b The second had all main effects and their first order interactions, the third had distance to river
c Elevation and all the cover and height variables
d Fourth model was a GLMM using a Laplace approximation with the zones from the river as the fixed vari-
able and overall vegetation height, cover and elevation as random effects

Environmental variables Overall CFR endemics Widespread Flightless

SpR Abu SpR Abu SpR Abu SpR

Distance to rivera, b, c 0.96 1.40 0.52 0.36 1.38 1.79 0.73
Vegetation covera, b 0.36 0.76 0.13 0.69 0.43 0.74 1.11
Height of vega, b 0.78 1.11 0.65 0.29 1.01 1.31 0.44
Elevationa, b, c 0.71 1.11 0.35 0.83 0.55 0.96 0.25
Dist River * VegCb 1.52 1.54 0.88 1.08 1.49 1.28 0.60
Dist River * VegHb 0.55 0.91 3.54*** 3.17** 1.14 1.46 3.69***
Dist River * Elevb 0.42 0.53 0.78 0.74 0.30 0.16 0.54
VegC * VegHb 0.59 0.92 2.57* 2.23* 0.58 0.78 2.40
VegC * Elevb 1.58 1.64 0.72 0.55 1.70 1.69 0.25
VegH * Elevb 2.94** 1.11 1.11 0.98 2.82** 1.20 1.05
Rock coverc 2.15* 1.86 1.22 1.18 1.40 0.96 0.28
Leaf litter coverc 1.79 1.93 1.23 1.43 1.20 1.32 0.88
Bare ground coverc 2.44* 1.96 0.59 0.52 1.56 0.91 0.75
Tree coverc 2.72* 2.20* 1.67 1.76 2.01* 1.41 0.60
Shrub coverc 2.28* 1.93 1.08 0.93 1.52 1.00 0.03
Restio coverc 2.04* 1.69 1.26 1.07 1.24 0.80 0.07
Herb coverc 1.45 0.87 1.59 1.11 1.02 0.38 1.17
Grass coverc 1.49 0.71 0.33 0.47 0.84 0.02 0.89
Geophyte coverc 1.43 1.30 1.48 1.44 0.97 0.67 0.22
Fern coverc 0.03 0.58 0.01 0.01 0.24 0.75 1.01
Tree heightc 0.73 0.68 0.52 0.37 0.88 0.88 0.40
Shrub heightc 0.85 0.27 0.38 0.52 0.13 0.33 1.37
Restio heightc 0.62 1.80 0.56 0.82 0.43 1.35 0.17
Grass heightc 0.64 0.58 0.11 0.01 0.52 0.58 0.04
Fern Heightc 0.74 0.23 0.68 1.50 0.37 0.17 1.51
Geophyte heightc 0.80 0.58 0.13 0.49 0.94 0.76 0.33
Zoned 1.22 1.69 7.79* 2.38 2.30 3.55 3.98
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significantly influenced the assemblage (Pseudo-F = 2.31, 
p = 0.02), with pairwise analyses showing that this was 
due to the riparian zone having a different assemblage to 
the three terrestrial zones (RZ-TZ1: t = 1.90, p = 0.015; 
RZ-TZ2 t = 1.74, p = 0.030; RZ- TZ3 t = 2.74, p < 0.001) 
and not between the terrestrial zones (TZ1-TZ2: t = 0.51, 
p = 0.871; TZ1-TZ3: t = 0.123, p = 0.975; TZ2-TZ3: 
t = 1.31, p = 0.167).

Discussion

In contrast to the strong RZ and azonal patterns in plants 
(Sieben et  al. 2009), we found only weak differences 
in grasshopper assemblages between the RZ and over-
all TZ. Also, there was little evidence for higher propor-
tion of widespread generalist species in the RZ as occurs 
among plants. Our grasshopper findings contrast with high 

elevation rivers in Germany where the RZ supported two 
specialized riparian grasshopper species, with one (Bryo-
dema tuberculata) even having been identified as an indica-
tor of high quality riverbanks (Reich 1991).

The CFR endemic and flightless species were most spe-
cies rich in vegetation far from the river. One South African 
species (E. calceata) and one widespread species (A. rufi-
cornis) were more abundant in the RZ than in the overall 
TZ. Despite the relatively weak correlations at species and 
species group levels, distance from the river was neverthe-
less the strongest explanatory variable of species compo-
sition. This was counter-intuitive since, interestingly, even 
though some grasshopper species and assemblages in the 
RZ differed significantly from those in the overall TZ, no 
differences were apparent among the three TZ zones, indi-
cating that grasshoppers were sensitive to the azonal veg-
etation and unique microhabitat elements within the RZ, 
rather than to the distance from the river itself.

Fig. 2   Grasshopper species 
richness and abundances in the 
different zones, riparian zone 
(RZ) and terrestrial zones TZ1, 
TZ2 and TZ3. Mean (±1 SE); 
different letters indicate signifi-
cant differences between means 
(P < 0.05) RZ TZ1 TZ2 TZ3
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Regardless of the reason, GCI indicated that the TZ clos-
est to the river (TZ1) was of significantly higher conserva-
tion value than the two TZs located farther from the river 
(TZ2 and TZ3). This can best be explained by the pres-
ence in TZ1 of two species with high GCI values [Fron-
tifissia laevata (GCI = 1) and Keya capicola (GCI = 0.78)] 
and two species with intermediate GCI values [Heterop-
ternis pudica (GCI = 0.67), and Sphingonotus nigripennis 
(GCI = 0.67)] which were both absent from TZ2 and TZ3 
(Table  1). The presence of these additional four species 
skewed the summed GCI, which is sensitive to species rich-
ness, higher for TZ1. However, when species richness was 
controlled for by calculating GCIn, there was no significant 
difference among zones. In fact, GCIn displayed a slight 
(but insignificant) trend towards higher values with increas-
ing distance from the river. Since GCIn is equivalent to the 
mean score for all species in the zone, this indicates the 
presence of more species of high conservation value farther 
away from the river.

The common species were generally evenly distrib-
uted across the RZ and three TZs. Overall zone (RZ vs. 
TZ) played a much less significant role in determining 
the grasshopper assemblage than did proportional vegeta-
tion cover. Percent cover of leaf litter, bare ground, trees, 
shrubs and restios influenced the distribution of CFR and 
South African species. Vegetation cover, however, played 
a much lesser role for the widespread species, which were 
most strongly influenced by the interaction of vegetation 
height and elevation, with greatest species richness in short 

vegetation at low elevations and in tall vegetation at high 
elevations.

Grasshopper species richness and abundance are known 
to be influenced by the physical structure and composi-
tion (e.g. density and cover) of vegetation, making veg-
etation a key factor determining the presence and local 
distribution of grasshopper species in many parts of the 
world (Gardiner et al. 2002; Gebeyehu and Samways 2002; 
Squitier and Capinera 2002; Hochkirch and Adorf 2007; 
Gardiner and Hassall 2009; Bazelet and Samways 2011; 
Fartmann et al. 2012; Joern and Laws 2013; Joubert et al. 
2016). While a small minority of grasshopper species are 
monophagous herbivores which are present only in associa-
tion with their preferred host plant (Bidau 2014), the major-
ity are generalist herbivores which are more sensitive to the 
structure of vegetation than to the specific plant species 
present (García-García et al. 2008; Gebeyehu and Samways 
2002; Bazelet and Samways 2011). Other species occur in 
association with specific habitat features such as exposed 
ground or rocky habitats (Crous et al. 2014), or with trees 
for perching habitats (Bazelet and Samways 2014).

Some grasshopper species (Acrididae) worldwide are 
known to have an association with aquatic habitats, without 
having evolved a completely aquatic lifestyle (Amédégnato 
and Devriese 2008; Bidau 2014). In our study, the wide-
spread E. calceata, a member of the Eyprepocnemidinae, is 
an example of this, being the only common species which 
was significantly more abundant in the RZ than in the TZ. 
In the CFR, the only grasshoppers that have a strong asso-
ciation with freshwater habitats are the acridine, Para-
cinema tricolor, an inhabitant of wetlands and extensive 
margins of rivers, and pygmy grasshoppers (Tetrigidae) 
(Picker et al. 2004), which are associated with damp areas 
and require specific searches which we did not undertake 
here. It is therefore not surprising that we did not find these 
species here along this river with its little marginal wetland 
vegetation and largely scoured, rocky margins. This is also 
a reason perhaps why we did not find a specialized riparian 
grasshopper fauna compared to in Germany where the river 
banks are more extensive (with floodplains) in their vegeta-
tion component, river plain habitats, and by having differ-
ent, more favorable, river dynamics (Reich 1991).

The second most abundant species in the RZ (although 
this association was not statistically significant) was the 
garden locust, A. ruficornis (Cyrtacanthacridinae), a strong 
flier which is a well-known visitor of gardens and other 
cultivated areas throughout the CFR. This species is a 
close relative of the bird locust, Ornithacris cyanea, which 
is known to use trees as perching sites on South Africa’s 
East Coast (Bazelet and Samways 2014). The observed 
association of the garden locust with the RZ can possibly 
be explained by the presence of trees, which are far more 
abundant in the RZ than they are in the overall TZ.
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The CFR endemic grasshoppers that were sampled 
belong to the Acrididae and Lentulidae. Most of the CFR 
endemic grasshoppers were widely dispersed and rela-
tively abundant across both the RZ and TZs, agreeing 
with García-García et al. (2008) that some grasshoppers 
can use different habitats. Here however, spatial scale is 
probably important, with micro-habitats likely to be the 
key for many of our species. It appears that a mosaic of 
plant architectures and plant resources are required, with 
restio stands being perhaps important for functional con-
nectivity, especially as feeding choice might be very nar-
row for certain species. Other aspects to consider are 
environmental, with wet windy winters and dry hot sum-
mers creating the need for shelter in both seasons (Mat-
enaar et al. 2014).

The flightless lentulid Betiscoides sp. was relatively 
common and dispersed across both the RZ and TZs, espe-
cially where both shrub and herb vegetation types were 
present as well as its restio food plant. It was absent from 
fern stands (mostly bracken P. aquilinum), as was largely 
the case with other CFR endemics, probably because of 
total dominance and the shading out of under story food 
plants and absence of sun-basking sites. Ferns often colo-
nize habitats that have been disturbed by wind, water, fire 
or anthropogenic activities, with them usually colonizing 
recently disturbed and exposed areas such as riverbanks 
i.e. RZ (Mehltreter et  al. 2010). The presence of fern 
stands here indicates that there was a disturbance (almost 
certainly by fire) which by extrapolation has a delayed 
but reducing effect on CFR endemic grasshopper richness 

Table 3   Responses of 
abundances of the four most 
commonly captured species to 
various environmental variables 
using PQL generalized linear 
mixed models (with Poisson 
distribution and exponential 
correlation of geographical 
co-ordinates as a random 
effect), χb main effect tests 
values are shown here

*p < 0.05, **p < 0.01, ***p < 0.001
a Four models were built, the first had all the main effects (which are the main effects results shown here)
b The second had all main effects and the first order interaction
c The third had distance to river, elevation and all the cover and height variables
d Fourth model was a GLMM using a Laplace approximation with the zones from the river as the fixed vari-
able and overall vegetation height, cover and elevation as random effects

Environmental variables Betiscoides sp. Vitticatantops 
humeralis

Eyprepocnemis 
calceata

Acan-
thacris 
ruficornis

Distance to rivera, b, c 0.58 0.39 1.36 1.09
Vegetation covera, b 0.83 1.12 0.62 1.24
Height of vega, b 0.51 0.43 0.32 1.40
Elevationa, b, c 1.98* 0.20 0.13 1.07
Dist River * VegCb 0.65 0.53 0.02 0.86
Dist River * VegHb 1.09 1.13 0.22 0.36
Dist River * Elevb 1.13 1.33 0.40 0.53
VegC * VegHb 3.25** 0.42 0.03 2.06*
VegC * Elevb 0.67 1.10 0.12 1.26
VegH * Elevb 0.91 1.44 0.83 0.60
Rock coverc 0.96 2.32* 1.19 0.06
Leaf litter coverc 1.51 2.21* 0.08 0.32
Bare ground coverc 0.97 1.61 1.20 0.49
Tree coverc 0.11 0.35 0.30 0.26
Shrub coverc 0.75 1.90 1.24 0.14
Restio coverc 0.83 1.50 0.84 0.30
Herb coverc 1.00 0.01 0.01 0.01
Grass coverc 0.04 1.17 0.97 0.43
Geophyte coverc 0.47 1.66 0.11 0.41
Fern coverc 0.14 1.63 0.90 0.34
Tree heightc 0.59 0.18 1.06 0.34
Shrub heightc 0.46 1.30 0.71 0.56
Restio heightc 1.04 0.51 0.18 2.83**
Grass heightc 0.01 0.67 0.75 0.10
Fern Heightc 0.49 1.03 1.24 2.12*
Geophyte heightc 0.09 0.63 1.75 0.26
Zoned 1.69 1.00 13.51** 1.84
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and abundance (Schlettwein and Giliomee 1987), as we 
found here.

The conservation perspective is interesting in that in 
the CFR the RZ vegetation is of conservation significance 
in its own right over the TZ vegetation, with the endemic 
grasshoppers preferring the TZ. This difference between 
the RZ and TZ does not hold the same importance for 
grasshoppers. So while invasion of the RZ by alien trees 
can lead to local extinction of the endemic dragonflies 
and other stream insects (with recovery on removal of 
alien trees) (Samways and Sharratt 2010; Samways et al. 
2011) there is no special significance attached to the RZ 
endemic grasshopper fauna which is better represented in 
the TZ.

Conclusions

The RZ of the CFR river we studied has various features 
that blend in with that of the overall TZ, and that while 
botanists may identify a clear RZ (with various sub-zones) 
(Reinecke 2013), the azonal effect identified by bota-
nists for the overall RZ is present in grasshoppers but is 
very weak, with changes manifesting only small changes 
in grasshopper assemblage composition. Like plants, the 
grasshopper shifts are towards the widespread generalist 
elements in the RZ and the specialist endemics in the over-
all TZ. It is the geomorphology, history, ecological dynam-
ics, as well as the land and vegetation mosaics at the small 
spatial scale, that are all important here. The CFR has seen 
no impoverishing glaciations for >200 my, and the surface 
rocks of our RZ as well as the TZs were formed >300 mya, 
giving much time for adaptation and evolution of species 
across a greatly uplifted and weathered landscape. Never-
theless, these species (and perhaps others that have since 
become extinct) would still have been greatly affected in 
terms of their local distribution and abundance by climate 
change (e.g. the warm, high sea level of the Pliocene and 
the cool, low sea level of the Pleistocene maxima). Many 
plant species have adapted to this, leaving little horizon-
tal bare ground, disfavoring the oedipodines which prefer 
gravel and dry soil habitats, and which have been largely 
washed away or eroded over many millennia at our sites.

Despite the intensive sampling and near asymptotes 
being reached, we found few species (ten) and few indi-
viduals (314). This low diversity and abundance in the 
CFR has already been commented on by Schlettwein 
and Giliomee (1987). They recorded only about a third 

Table 4   Results from distance-based redundancy analysis based on 
the Bray-Curtis similarity index for grasshopper species due to multi-
ple environmental variables

Marginal tests show the contribution of individual variables to vari-
ation in the assemblages, and sequential tests identify the subset of 
combined variables that best explain variation in the assemblages. 
Significant variables are in bold. (% Var = percentage variation 
explained by individual variables, % Cumul Var = percentage cumula-
tive variation explained)

Environmental variables Pseudo-F P % Var % Cumul Var

Marginal tests
 Distance to river 6.18 0.001
 Vegetation cover 0.36 0.789
 Height of veg 0.99 0.450
 Elevation 4.03 0.014
 Rock cover 2.13 0.108
 Leaf litter cover 3.17 0.033
 Bare ground cover 2.34 0.065
 Tree cover 1.79 0.140
 Shrub cover 2.68 0.052
 Restio cover 2.23 0.095
 Herb cover 0.824 0.853
 Grass cover 1.42 0.260
 Geophyte cover 0.94 0.414
 Fern cover 5.09 0.001
 Tree height 0.95 0.500
 Shrub height 0.37 0.796
 Restio height 1.18 0.316
 Grass height 1.32 0.312
 Fern height 4.56 0.005
 Geophyte height 0.11 0.957

Sequential tests
 Distance to river 6.18 0.002 4.68 4.86
 Elevation 3.63 0.018 2.69 7.36
 Fern cover 3.29 0.024 2.39 9.76
 Shrub cover 3.00 0.033 2.15 11.91
 Bare ground cover 2.63 0.033 1.86 13.77
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the number of species compared to Gandar (1983) in the 
savanna to the north of the country. Furthermore, we 
recorded only about a fifth the number of species com-
pared to similar-sized studies by Crous et al. (2013) and 
Joubert et al. (2016) along the warmer east coast of South 
Africa. Schlettwein and Giliomee (1987) also found that 
densities were remarkably low in the CFR, being >18× 
lower than Gandar (1983) recorded overall in African 
savanna, and 164× lower than Pfadt (1981) recorded in 
North American shortgrass prairie.

Natural fires are common in the CFR, leading to a 
highly fire-adapted flora and fauna (Schlettwein and Gili-
omee 1987). Local ferns, especially the globally success-
ful bracken, benefit from these fires and establish as thick 
stands to the exclusion of much of the grasshopper fauna. 
In turn, fires interplay with the highly rugose geomor-
phology, patterns of rainfall seepage, poor nutrients, to 
create a dynamic and rich but highly patchy flora. These 
drivers have a major effect on the grasshopper assem-
blages. This mosaic vegetation effect appears to benefit 
the local assemblages, and largely overrides any azonal 
effect, although not leading to either a species-rich or 
abundant local grasshopper fauna. While the plant diver-
sity in our area is extremely high, the same cannot be said 
for the grasshoppers, with them not having the same level 
of species spatial turnover as plants.

The CFR, although seemingly a benign climate, rep-
resents harsh conditions for many grasshopper species, 
especially from the effects of wet, windy winters and 
very dry summers, and many vertebrate predators (e.g. 
Alexander 2007), as well as frequent fires (Seydack 
et  al. 2007). It appears that the group of CFR endemic 
grasshoppers may have opted for camouflage and small 
size alongside possible retreat into thorny fynbos shrubs 
and crevices to avoid both fire and predators as farther 
north in the country (Samways 1990). The other group 
of grasshoppers is the larger, geographically widespread 
species that fly well and benefit from trees, and can fly 
away from fires and predators. These benefit from the RZ 
as additional forage areas and fire refuges, whereas the 
CFR endemics get the added benefit from the overall TZ 
through better functional connectivity provided by the 
natural plant mosaic, especially presence of pioneering 
restios. It is the TZ that has particular significance for the 
local grasshopper fauna with no special need to conserve 
those of the RZ.
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