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Abstract About 20 % of the natural grasslands in Sub-
Saharan Africa have been converted to cropland and 80 %
of the converted area is managed by small-scale farmers.
Despite the large contribution of small-scale subsistence
farming to agricultural expansion in Sub-Saharan Africa
only few studies investigated the effects on insect biodi-
versity. We studied the effects of the conversion of sa-
vannah to small-scale extensively managed ruderal areas
and corn fields on grasshopper communities (Orthoptera:
Caelifera). The study was conducted on the eastern slopes
of Mount Kilimanjaro, Tanzania. Three plots per land use
type were established and grasshoppers were repeatedly
collected between September and December 2010 using
standardized transect walk methods. In comparison to the
natural savannah, cornfields exhibited lower numbers and
densities of grasshopper species, while ruderal areas ex-
hibited similar species richness. However, vegetation cover
was the best predictor for species richness, with the number
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of grasshopper species nearly doubling from plots with
scarce vegetation to those with a dense grass cover. The
composition of grasshopper communities differed between
land use types and vegetation cover, with habitat general-
ists being scarce. Therefore, the species richness of all land
use types combined was considerably higher than the
richness of single land use types. We found no rare or
threatened species during sampling. Our study suggests
that a mosaic agricultural landscape with areas of savannah
and extensively managed ruderal areas may maintain a
high biodiversity of grasshoppers. However, the effec-
tiveness of such mosaics is strongly dependent on extensive
farm management practises which retain significant
amounts of grass cover throughout the year.

Keywords Biodiversity - Land use change - Habitat
management - Herbivores - Orthoptera - Tropical ecology

Introduction

In the last century the area of tropical grasslands and sa-
vannahs decreased by over 50 %; primarily due to the
conversion to agricultural land (Millenium Ecosystem
Assessment 2005). In Sub-Saharan Africa approximately
20 % of the former grasslands are used as cropland while
large parts of the remaining grasslands are used for live-
stock grazing (UNDP, UNEP, Worldbank and WRI 2000).
The majority of the cropland, about 80 %, is farmed by
small-scale subsistence farmers (Nagayets 2005; Have-
mann and Muccione 2011). In consideration of a growing
human population the Food and Agriculture Organisation
of the United Nations predicts a further expansion of small-
scale subsistence agriculture into former natural grassland
areas (Zhou 2011), with potential negative consequences
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for biodiversity and ecosystem function (Altieri 1999).
Despite this acceleration of the conversion of natural
habitats to arable land, little work is done on the effects of
grassland conversion to agricultural land on insects in Sub-
Saharan Africa.

Grasshoppers are among the most important herbivores
in grasslands all over the world (Samways 1994; Branson
et al. 2006) and account for a high percentage of arthropod
biomass in these ecosystems (Gillon 1983). Furthermore,
they serve as food for vertebrates, play a huge role in
transporting and generating nutrients (Gandar 1980) and
are major players in energy flow (Samways 1997; Belovsky
2000). Some species are even regarded as ecosystem key-
stone species (Joern and Gains 1990; Quinn et al. 1993).
Grasshoppers are highly sensitive to changes in environ-
mental conditions (Samways and Sergeev 1997), e.g.
through grazing (Miller and Onsager 1991; Chambers and
Samways 1998), fire (Gillon 1972; Bock and Bock 1991;
Joern and Laws 2013) or land conversion (Kemp 1992).
Thus, they have been used as indicators of habitat distur-
bance (Lockwood 1997; Anderson et al. 2001). Most
studies which investigated the influence of land conversion
on grasshoppers focused on the effects of grassland man-
agement especially by livestock grazing (e.g. Gebeyehu
and Samways 2003; Batary et al. 2007; Branson and Sword
2010). Extensive management of grasslands may positively
affect species richness and abundance (Kruess and
Tscharntke 2002; Gebeyehu and Samways 2003; but see
O’Neill et al. 2003; Batary et al. 2007), possibly due to an
increased habitat heterogeneity (i.e. vegetation structure,
richness and abiotic conditions) (Gebeyehu and Samways
2003; Joern and Laws 2013). However, compared to un-
grazed/natural areas extensively managed grasslands may
differ in their species assemblages. In addition to habitat
heterogeneity, the total productivity [=net primary pro-
duction (NPP)] of an area may also influence the species
richness of arthropods (Joern and Laws 2013). The species-
abundance hypotheses states that areas with a higher NPP
can support higher population sizes of species. In conse-
quence, local extinction rates may be lowered leading to
more co-existing species and higher species richness
(Kaspari et al. 2004). However, in agricultural landscapes
only a small fraction of the total NPP may be available as
resources for insects as most of it is used by the human
population (Haberl et al. 2007).

At the foothills of Mt. Kilimanjaro, Tanzania, we con-
ducted a case study on the effects of small-scale subsis-
tence farming on insect diversity using grasshoppers as the
focal group and identify the major drivers of community
change. Savannah ecosystems used to dominate the lower
slopes of the Kilimanjaro. However, this area witnessed
extensive population growth and land use changes over the
last 100 years, leading to a decline of natural habitats by
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39.5 % between 1973 and 2000 (Mbonile et al. 2003). We
investigated the effects of land conversion from natural
savannah over ruderal areas (fallow fields usually grazed
by cattle and goats) to corn fields by small-scale subsis-
tence farmers on short-horned grasshoppers (Orthoptera:
Caelifera: Acridomorpha). The following questions were
addressed: (1) How do local grasshopper communities re-
spond to habitat conversion in terms of abundance, species
richness and community dissimilarity; (2) Which are the
most important environmental drivers of community
change?

Materials and methods
Study area

The study was conducted in the colline savannah zone at
Lake Chala and the surrounding agricultural land
(7001200 m a.s.l.) on the eastern slopes of Mount
Kilimanjaro, Tanzania (2°45'-3°25'S, 37°00'-37°43'E).
Mean annual temperature is approximately 24.1 °C (Ap-
pelhans et al. 2014) and the mean precipitation per year in
this area is 600 mm (Hemp 2006) with a long rainy season
from March to May and a short rainy season in November
and December. The Lake Chala area represents one of the
largest remaining savannah fragments at the foothills of
Mt. Kilimanjaro in Tanzania. However, 10 km from Lake
Chala the large Kenyan Tsavo-West National Park is si-
tuated which may serve as a source habitat for the
grasshopper communities of the Lake Chala area. The area
adjacent to the Lake Chala savannah is agricultural land,
which is a mosaic of fields, ruderal areas and farms
(Fig. 1). The land is cultivated by small-scale farmers, who
live directly by their fields or in small villages nearby.
There are normally one or two crop cycles per year de-
pending on the amount of precipitation during the short
rainy season. The ruderal areas are usually long-term fal-
low fields which are grazed extensively by cattle and goats.

In total, nine plots (three per land use type) were se-
lected to ensure that the heterogeneity of each land use type
(natural savannah, ruderal area and corn fields) was well
represented. Each plot had an area of 250 m” and was si-
tuated at altitudes of between 940 and 1163 m a.s.l. The
ruderal area and cornfield plots were interspersed while the
natural savannah plots were more aggregated, as savannah
habitat was restricted to one major protected site. However,
the mean distance between plot centers was 1.2 km, with a
minimum distance of 350 m (ruderal areas and corn fields)
or 450 m (natural savannah) between plots of one land use
type. We checked for spatial non-independence of data by
calculating Moran’s I values for residuals of linear models
using the correlog function in the R package ncf (Bjornstad
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Fig. 1 Typical stand of a natural savannah, b corn field, ¢ ruderal area with high grazing intensity and d ruderal area with low grazing intensity
within the study area of the Lake Chala region at the eastern slopes of Mount Kilimanjaro, Tanzania

2013) and detected low, non-significant levels of spatial
autocorrelation (IMoran’s 11 < 0.293, p > 0.34, Online
Resource Table 1).

Grasshopper survey

Grasshoppers were sampled in six surveys using stan-
dardized transect walk methodology between 04th
September and 04th December 2010. Each survey was
2—4 days long and each plot was sampled once within each
survey. Sampling took place between 8:30 and 16:30 under
similar climatic conditions, i.e. on days with low cloud
cover and low wind speed, to avoid sampling bias due to
heterogeneous weather conditions. Each plot was covered
by twelve parallel transects, each being 50 m long and 4 m
wide. The transects were paced slowly for 1 hour and adult
grasshoppers spotted sitting on herbage and on the ground
were collected with sweep nets or by hand and killed with
cyanide. Large species with good flying abilities were
mostly counted by sight. After collecting, all specimens
were brought to the laboratory, identified to species level
and counted. All grasshoppers collected in each 1 hour-

survey were pooled and used as subsample in the data
analyses, resulting in six subsamples/surveys per plot.

Environmental variables

Grasshopper communities are known to respond more
strongly to the structure than to the species composition of
grasses (Gandar 1982; Hochkirch and Adorf 2007), so we
examined the effect of vegetation structure rather than the
effect of vegetation diversity on grasshopper communities.
The vegetation structure on each plot was characterized in
16 equally distributed 1 m x 1 m squares. Each was sub-
divided into four units of 0.5 m x 0.5 m each, in which we
measured the percentage of green grass, cragginess of the
ground, vegetation cover on ground level, and grass height.
Percentage of green grass was estimated at a ordinal scale
(0-25 %: dry; 25-50 %: slightly green; 50-75 %: moder-
ately green and 75-100 %: green). Cragginess of each unit
was estimated at a ordinal scale (0: smooth; 1: slightly
craggy; 2: moderately craggy; 3: craggy and 4: very
craggy). Vegetation cover was estimated on a continuous
scale between 0 and 100 % for each square. The height of
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four haphazardly selected blades of grass per square, one in
each unit, was measured to estimate the mean grass height.
For each continuous parameter the mean of all 16 squares
was used as a representative measure for the plot and for
each ordinal parameter, the mode. Grass height was highly
correlated with vegetation cover (Online Resource
Table 2), thus we only used vegetation cover in statistical
analyses which we interpret as an indicator of grass
biomass.

Data analysis

All statistical analyses were conducted with R 2.12.1 (R
Development Core Team 2011). To estimate the com-
pleteness of the species inventory of the three land use
types, we calculated individual-based rarefaction curves
for each land use type as well as the Chao, Jackknife 1
and Jackknife 2 species-richness estimator as recom-
mended by Walther and Moore (2005). We used one-way
analysis of variance (ANOVA) to test for differences in
species richness and abundance among land use types. For
this purpose, we first calculated the total species richness
and abundance of each plot based on observed species
richness and abundance of the six surveys. Species rich-
ness is the number of all species captured on the plot;
abundance is the number of all individuals captured on the
plot.

We calculated linear mixed-effect models (LME) for
comparing the observed survey species richness among land
use types with land use type as a fixed factor and plot as a
random factor. The observed survey species richness is here
defined as the number of species detected during one survey.
We used the Ime function from the nime package (Pinheiro
et al. 2011) for this purpose. When a post hoc test was
necessary, we used the function glht from the multcomp
package (Hothorn et al. 2008). The data were visually tested
for normal distribution of errors and homogeneity of vari-
ance. When necessary, data were log-transformed to achieve
a normal distribution of errors. To test the effects of the
environmental structure variables on total abundance and
species richness we used separated ANOVAs for the ordinal
variables (cragginess, percentage of green grass) and linear
regressions for continuous variables (vegetation cover). We
calculated local false discovery rate values using the func-
tion fdrtool (package fdrtool; Strimmer 2008) to correct for
multiple testing. Further, to estimate the relative support for
each model containing one of the environmental variables or
the land use type in predicting the species richness and
abundance patterns we used the second-order Akaike in-
formation criteria (AICc) using the function AICc (package
MuMIn; Barton 2012).

For all following calculations, we used the R package
vegan (Oksanen et al. 2011). For the comparison of the
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dissimilarity of species communities among different
land use types, non-metric multidimensional scaling
(NMDS) was applied using the function metaMDS. We
used NMDS, because it can be used with any dis-
similarity measure and it is more robust than a PCoA
(Minchin 1987; Borcard et al. 2011). We calculated a
NMDS-ordination on the total abundances per species
per plot. Data were transformed using the Wisconsin
double standardization. The Bray-Curtis-dissimilarity
(function vegdist, method = bray) was used as distance
measure because it has been found to perform well in
ecological simulations (Faith et al. 1987). To test how
structure variables influenced the composition of species
communities we used the function envfit, which fits ex-
planatory variables separately onto the ordination and
tests their significance using permutation tests (999
permutations).

Results
Grasshopper survey

A total of 1398 individuals belonging to 40 species were
captured. Of these, 20 species and 399 individuals were
caught on corn fields, 24 species and 478 individuals in
ruderal areas and 26 species and 521 individuals in natural
savannah. With 367 individuals, Rhaphotittha levis was the
most abundant species, followed by Arcotylus meruensis
(219 individuals) and Epacrocatantops curvicercus (113
individuals). R. levis and E. curvicercus occurred in all
land use types, but E. curvicercus was found equally in all
land use types while R. levis was highly abundant in rud-
eral areas and natural savannah but rare in cornfields. A.
meruensis occurred in cornfields and ruderal areas. Twelve
species were captured only once (cornfields: 4, ruderal
areas: 5, natural savannah: 3).

Rarefaction curves for each land use type as well as for
all land use types combined did not attain a clear plateau,
indicating that further species may probably be found with
increased sampling effort. When comparing the observed
species richness per land use type, corn fields showed a
lower richness than ruderal areas and natural savannah.
Natural savannah and ruderal areas had approximately the
same species richness, although it was a little higher in
natural savannah (Fig. 2). The richness estimators showed
a similar pattern, whereas the Chao-index suggested
higher species richness in ruderal areas than in natural
savannahs. Comparing the number of observed species
with the mean of the three estimators, all three land use
types showed the same sampling completeness of
71-76 % (Table 1). When combining all samples from the
three land use types the estimated species richness was
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Fig. 2 Individual-based rarefaction curves for the three land use
types and all land use types combined (overall) with 95 % CI

considerably higher than the richness of any single land
use type (Table 1, Fig. 2).

The total number of species per plot showed a trend to
differ among land use types (Table 2). The highest species
richness was recorded in natural savannah (mean =+ se:
17.33 £ 1.45) followed by ruderal areas (13.66 &+ 1.45) and
cornfields (11.33 + 1.45) (Fig. 3). Observed survey species
richness differed significantly among land use types (LME:
Fr6 = 5.57, p = 0.043). Post-hoc tests indicated that there
was a higher observed survey species richness in natural sa-
vannah than in cornfields (natural savannah—cornfields: z-
value = 3.33, p < 0.001). No differences were found be-
tween ruderal areas and both other land use types (natural
savannah—ruderal areas: z-value = —1.72 p = 0.20; ruderal
areas—cornfields:  z-value = 1.62 p = 0.24). Total

Table 2 Results of linear models testing for correlations of envi-
ronmental variables and land use type with the abundance and species
richness of grasshoppers

Variables df Fvalue pvalue 7’ value AICc
Abundance

Land use type 26 047 0.646 —0.153 111.05
Vegetation cover 1.7  2.38 0.167 0.146 102.53
% of green grass 1.7  0.61 0.460 —0.051 104.41
Cragginess 35 0.78 0.554 —0.090 120.91
Species richness

Land use type 26 433 0.068 0.455 56.50
Vegetation cover 1.7  8.32 0.024* 0.478 50.30
% of green grass 1.7  7.08 0.032 0.432 51.06
Cragginess 35 3.05 0130 0435 67.17

Further, second-order Akaike information criteria values (AICc) for
each model and adjusted 7 values are given. Significant p-values are
indicated by bold font. p values marked with asterisk (*) are sig-
nificant after correction for multipe testing (false discovery rate)

abundances per plot did not significantly differ among land
use types (Table 2). However, the highest abundance was
recorded in natural savannah (173.66 £ 17.63) followed by
ruderal areas (159.33 4 33.15) and corn fields (133 4+ 35.79)
(Fig. 3).

Species richness correlated significantly with vegetation
cover (Fig. 4) and less strongly with the percentage of
green grass or the cragginess of the soil (Table 2). The total
abundance of grasshoppers was not significantly correlated
to any structure variable. For abundance and species rich-
ness the models including vegetation cover or percentage
of green grass were better supported than the model which
included land use type (Table 2).

Table 1 Estimated species

Land use type Obs. species Chao Jackl Jack2 Obs. individ. Complete (%)
richness (Chao-Index, Jackknife
1 and Jackknife 2) for all land Overall 40 112 51.78 62.39 1398 53
use type combined (overall) and CF 20 2% 2567 28.49 399 75
separated (CF = corn fields,
RA = ruderal area, CF 1 14 23 19 21.93 202 66
NS = natural savannah) as well CF2 11 11.5 12.67 11.87 115 92
as for each plot CF 3 9 135 115 12.97 82 72
RA 24 36.25 30.61 35.16 478 71
RA 1 16 24.17 21.83 24.9 210 68
RA 2 11 23.5 15.17 17.97 96 58
RA 3 14 22 17.33 19.46 172 71
NS 26 26 34.5 42.5 521 76
NS 1 20 36 26.67 30.93 205 64
NS 2 17 17.75 19.5 18.3 172 92
NS 3 15 15.5 16.67 15.87 144 94

Obs. species stands for observed numbers of species and obs. individuals for the number of observed
individuals. The completeness is the percentage of the observed species number compared to the mean of

the three estimators
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Fig. 4 Total species richness of grasshoppers per plot across a
gradient of vegetation cover [%]

Community dissimilarity

The two-dimensional NMDS (Stress-value = 3.40 %) re-
vealed a clear separation into two groups. One group
contained the natural savannah plots and two ruderal area
plots (RA1, RA3), and the other group the corn field plots
and RA2 (Fig. 5). Vegetation cover was significantly cor-
related to NMDS scores and showed the best fit to the data
(Table 3). Percentage of green grass showed also a good fit
to the data (Table 3).

For describing the distribution of individual species in the
ordination space, we focused on the most abundant species.
The pattern of the species scores in the left cluster showed that
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Fig. 5 Ordination graph derived from two-dimensional non-metric
multidimensional scaling species abundance data. The black vector
represents vegetation cover, while GO and G50 are the centroids for
categories of percentage of green grass (GO = 0-25 %,
G50 = 25-50 %). The white, gray, and dark gray circles indicate
the different plots (CF = corn fields, RA = ruderal area, NS = na-
tural savannah)

Table 3 Results of fitting three environmental variables onto the
ordination

7 value

Environmental variables p value
Vegetation cover 0.804 0.01
Cragginess 0.445 0.143
Percentage of green grass 0.450 0.054

The *-value is the squared correlation coefficient, which explains the
goodness of fit of the parameters to the results of the NMDS. P-values
are based on 999 permutations and significant values are indicated by
bold font

Acrotylus meruensis and Actroylus trifasciatus trifasciatus
were most abundant on plots that had a high percentage of bare
ground (CF2, CF3 and RA2), as well as Chrotogonus hemi-
pterus which was most abundant on CF1. Also Stenohippus
maculifemur was mostly found in ruderal areas with low
vegetation cover. Six species (Acorypha glaucopsis,
Brachycrotaphus  sjostedi, Pycnodictya galinieri, Me-
taxymecus gracilipes, Mesopsis laticornis and Orthochtha
dasycnemis dasycnemis) occurred mainly in natural savannah.
While Cataloipus oberthuri oberthuri occurred mainly in
savannah-like ruderal areas in the Lake Chala area.
Rhaphotittha levis and Cyrtacanthacris tatarica tatarica were
equally abundant in ruderal areas and natural savannah. While
Epacrocatantops curvicercus and Catantops momboensis
momboensis were the only two species that found equally in
all land use types (Fig. 6, Online Resource Table 3).

Discussion
In this study we examined the effects of land conversion by

small-scale subsistence farmers on short-horned grasshop-
pers (Orthoptera: Caelifera: Acridomorpha). The first
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question we addressed was: How do local grasshopper
assemblages, in particular their species richness and dis-
similarity, respond to land conversion. Our results showed
that the models including vegetation or percentage of green
grass were better supported in explaining the differences in
species richness and abundance than the model including
land use type. Further, for the dissimilarities in grasshopper
assemblages vegetation cover appeared to be a best pre-
dictor. No rare or threatened species were found during our
sampling. However, several species appeared only in one
land use type. Our study suggests that the impact of land
conversion on the grasshopper biodiversity is mediated by
changes in the plant biomass and vegetation structure re-
tained in agricultural systems (i.e. the habitat configuration
and management) offering possibilities for sustainable land
management.

Differences in total species richness and observed sur-
vey species richness were most pronounced between sa-
vannah and corn fields, while ruderal areas hosted similar
numbers of species like natural savannahs. Similarly high
species richness was found at sites with high vegetation
cover. This is in congruence with the energy-abundance
hypothesis, which states that higher net primary produc-
tion, indicated by a higher vegetation cover, leads to an
increased diversity (Kaspari et al. 2004). These patterns of
species richness were also found in tropical and temperate
grasslands due to disturbance by grazing (Samways and
Kreuzinger 2001; Gebeyehu and Samways 2002; Kruess
and Tscharntke 2002; Marini et al. 2008; Branson and
Sword 2010). Additionally, vegetation heterogeneity was

identified as an important factor which positively influ-
enced species richness and grasslands with a high structural
heterogeneity had higher species richness than grasslands
with a homogenous structure (Craig et al. 1999; Gebeyehu
and Samways 2003). We assume that this effect in concert
with a higher net primary production caused the high
species richness found in the ruderal areas and natural
savannahs.

The different land use types showed dissimilarities in
their grasshopper assemblages, but note that the environ-
mental parameters were again a better predictor as found
by other studies in Sub-saharan Africa (Samways and
Kreuzinger 2001, Gebeyehu and Samways 2002). While in
the natural savannah mostly species which are associated
with high vegetation cover, like Orthochtha dasycnemis
dasycnemis (Eterovick and Figueira 1997), were found,
communities in ruderal areas were composed of species
which are associated with bare ground, like those of the
genus Acrotylus (Chappell and Whitman 1990), as well as
of species associated with a high vegetation cover. In corn
fields, besides some habitat generalists, no savannah spe-
cies were found and several species were only collected in
one land use type, suggesting species-specific responses to
land conversion (e.g. Joern 1982, Chambers and Samways
1998).

A mosaic of transformed and natural/semi-natural
habitats can still maintain a high diversity (Vrdoljak and
Samways 2014). In congruence our results indicate the
opportunity that a small-scale agricultural mosaic with
extensively managed ruderal areas may maintain a relative
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high species richness and diversity. This is also supported
by the finding that all land use types combined (unsur-
prisingly) had a lower sampling completeness and higher
species richness than the single land use types, indicating
that all three land use types had different special assem-
blages. Note that all our agricultural plots were in dispersal
distance of natural savannah areas. In agricultural land-
scapes without connection to natural savannahs, which
potentially serve as source habitats for grasshopper
populations (Devictor and Jiguet 2007), the effects may be
much more severe (Riidisser et al. 2012). Also the con-
figuration within the agricultural mosaic, especially the
connectivity of suitable habitat, is an important determent
for grasshopper diversity and species performance in these
landscapes (Collinge and Forman 1998; Badenhausser
et al. 2012; Keller et al. 2013). However, extensive agri-
cultural management might positively influence common
species, but not rare species (Steck et al. 2007), which
should be an important aspect of conservation issues.
During the study in none of the land use types we collected
species that are considered rare or threatened (Hemp 2009)
besides Ischnansis curvicerca (Hemp 2013) which was once
found in savannah-like ruderal areas. However, in 2013 Al-
laga ambigua was collected in natural savannah, a species
listed in the TUCN red list of threatened species as critically
endangered (Gereau et al. in press). Most singletons (species
only found once) surprisingly occurred in the ruderal areas,
followed by corn fields and then natural savannah. Though,
two of the singletons occurring in cornfields and three oc-
curring in ruderal areas were also collected in the natural sa-
vannah in opportunistic samplings during the study time,
while no singletons of the natural savannah were found in the
other land use types. Also, we caught a few specimens of
Stenocrobylus cervinus, an East African endemic, known only
from a few specimens, but probably with a wider distribution
throughout southern Kenya, northern and central Tanzania in
suitable habitats (Hemp 2013). In general, the savannah
grasslands at the eastern slopes of Mt. Kilimanjaro harbour 54
different grasshopper species (Caelifera) (Hemp 2002, un-
published) and one endemic species (Lophothericles kongoni)
as well as different rare species (e.g. Pyrgomorphella albini,
Usambilla turgidicrus, Afroxyrrhepes brevifurca, Abisares
depressus, Lophothericles carinifrons) (Hemp 2009). Also,
these areas are important breeding habitats for several species
of which the adults move to higher elevations (Hemp 2009).
Since we did not include nymphs in our sampling, the effects
of land conversion for these species might be more severe.
The effects of land conversion from natural savannah to
small-scale subsistence farms on species richness and
community dissimilarity are linked to environmental pa-
rameters, especially to vegetation cover. This suggests that
an agricultural mosaic landscape in tropical savannah re-
gions consisting of small-scale farms, extensive managed

@ Springer

ruderal areas and remnants of natural savannah may
maintain high species richness. Therefore, the value of
these mosaics for grasshopper and insect conservation will
strongly depend on the habitat configuration and farm
management, especially the amount of plant biomass re-
tained on fields and might be diminished in the future with
continuing agricultural intensification. Past years have seen
a dramatic decrease of natural savannah habitats and in-
tensification of corn production in East Africa. As most
savannah species will not find a suitable habitat in corn
fields, an increasing expansion of agriculture and the cor-
related fragmentation of natural savannah habitats may
successively endanger many species which are currently
still common and widely distributed.
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