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The effects of sheep grazing on the communtiy structure of grasshoppers (Orthoptera) - Com
munity structure parameters of three grasshopper communities were compared to each other on three 
neighbouring sites near Orfű in the Mecsek Mts, Hungary. Two of the study sites were lightly grazed by 
sheep twice a day and one site was undisturbed. Two hypotheses were tested whether (1) the species 
number and density of grasshoppers decrease with regularly grazing, (2) some grasshopper species prefer 
the disturbed sites and their species number and abundance increase there. In spite of the different vegeta
tion structure of the study fields, the statistical analyses showed no significant differences in species com
positions between the disturbed and the undisturbed sites. But in abundance and life-time population dy
namics of the grasshopper communities significant differences were found. On the disturbed sites these 
parameters were similar to each other and they differed from the on undisturbed site. 

I N T R O D U C T I O N 

Several studies have emphasized the relationship between the structure of grasshop
per communities and plant communities (Quinn et al. 1991û, Joern & Lawlor 1981, 

Kemp et al. 1990, Joern 1979) and also the relationships between the species richness 

and diversity o f grasshopper communities and plant species richness and diversity (Quinn 

& Walgenbach 1990, Kemp 1992, etc.). I t has also been proved that some of the insect 

groups are determined by plant species composition, while others by plant architecture 

(Southwood et al. 1979).The main habitat factors, which seem to play important role in 

structuring the grasshopper communities, are vegetation morphology, percentage o f plant 

cover, composition o f plant species, spatial patterns and soil composition (Kemp 1992, 

Quinn et al. 1991a, 19916). Joern (1979) emphasized that the morphological characteris

tics o f plant specimens and the nutritional quality of plant species also play important 

roles in structuring grasshopper communities. 

So it can be seen that the morphology of the individual plants and other parameters 

of the vegetation are among those habitat characteristics, which are responsible for the 

structuring o f the grasshopper community. 

One o f the most frequently occurring disturbances, which is able to alter the com

munity structure o f invertebrates via changing the vegetation structure, is usually the 

grazing o f livestock, e.g. cattle or sheep on different grasslands and pastures. Grazing can 

change the above mentioned factors, but the reare indirect effects which are not always 

evident. 

Welch etal. (1991) compared the densities and the species composition of grasshop

pers between lightly and heavily grazed sites for almost twenty years. They did not find 

significant differences in species compositions, but detected significant changes in den-



sities. After twenty years the density o f grasshoppers were much higher on the heavily 
than on the l ightly grazed sites. Mi l l e r & Onsager (1991) d id not find direct effect of 
cattle grazing on grasshopper populations. Fielding & Brusven (1993) confirmed that 
heavy disturbances, livestock grazing, wildfire and some other perturbances caused signi
ficant changes in the densities and diversities of grasshopper communities. 

Gibson et al. (1992) emphasised that different groups o f invertebrates respond to 
grazing in different ways and to different degrees. The intensive grazing could exert ef
fects not only on the community structure and species composition of the different arth
ropod groups, but on their life-cycle too. Different life-cycles of spiders have been found 
by Maelfait & De Keer (1990) on an intensively grazed pasture and its border zone. 

The herbivorous Orthoptera species have an important role in the ecosystem as pr i 
mary consumers, however, according to the Rodell's (1977) simulation models, the 
grasshoppers' significance is not always evident in the grassland ecosystems. The model 
showed that when the plant production is small early in spring or in fall , grasshoppers 
may constitute an important regulating factor on new plant production, even at low grass
hopper densities. But Parmenter et al. (1991) suggested that in the absence o f significant 
grazing o f livestock, the omnivorous insects and herbivorous grasshoppers provide an 
important ecological pathway for energy f low. Because of the high consumption rate of 
gradating herbivorous grasshoppers they might cause considerable damage in pastures 
and agricultural crops (Sanchez & Wysiecki 1990). 

Vertebrate grazing might exert different effects on insect communities. One hypo
thesis predicts that grazing changes the densities and/or species composition o f inverte
brate communities, and both of them are decreasing; the other suggests that the microcl i 
mate change after grazing is appropriate for many invertebrate species and therefore their 
densities and/or species number increase. 

We carried out this study in order to examine the effect o f moderate grazing of 
sheep on grasshopper communities in the Mecsek Mts in Southern Hungary. The first 
hypothesis is confirmed by our study, but we could not find significant differences in the 
species composition o f the grasshopper communities o f the disturbed (grazed) and undis
turbed (not grazed) sites. 

S T U D Y SITES 

The study sites are situated in the southern part o f Hungary, in the Mecsek Moun
tains. Our study areas were selected in the western part o f the Mecsek, near the village 
Orfű, (46°10 'N , 18°05 'E) . The total area o f the Mecsek Mts is about 1000 k m 2 . The basic 
rock o f the mountains is mainly limestone, but volcanic basic rocks are also found there. 
The climate in this part o f the country is sub-Mediterranean wi th 2 2 - 2 3 ° C average tem
perature in July and 711 m m average annual precipitation parameters. 

The western part o f the Mecsek Mts comprises moderately cool and humid grass
lands and therefore there are several wet meadows that highly are appropriate for graz
ing. Three different study sites were selected: one of them was marked out in an undis
turbed steppe-meadow (Festuco rubrae-Cynosoretum; subsequently SM) habitat, and the 
others were a dry pastureland (Agrostidetum tenuis; PL) and an abandoned alfalfa site 
(Plantagini-Medicaginetum; A L ) . Either of the latter sites were grazed by sheep twice a 



Table 1. Descriptions of the main vegetation parameters of the grassland sites (H'= Shannon-
Wiener diversity). 

Paramaters Alfalfa Pasture-land Meadow 

Vegetation cover (%) 100 100 100 

Vertically levels 1 2 2 

Vegetation height (cm) 35^10 10-40 30-100 

Plant species 6 13 19 

H ' diversity 0.6625 1.02 1.1275 

day, in the morning and the evening, at each occasion the grazing lasted about 1-2 hours 
on both of sites. There were 100-150 individuals in the flock. The sites were close to 
each other, only a road and a narrow small woodbelt separated them. In the A L site (Pla-
natagini-Medicaginetum) the vegetation was almost closed. In the S M (Festuco rubrae-
Cynosoretum) and the PL (Agrostidetum tenuis) sites the vegetation was completely 
closed. The S M and the PL sites were in a northeast exposition, while the A L in a south
west one. The dominant plant species were Trifolium arvense, Lolium perenne in the A L 
site Agrostis capHlaris, Achillea millefolium in the S M and Agrostis capillaris, Cynodon 
dactylon, Trifolium sp., Festuca sp. in the PL. Habitat structure parameters were 
measured by two or three l x l meter quadrat in each o f the sampling units at each samp
ling times (Table 1). 

M A T E R I A L S A N D M E T H O D S 

The checklist o f the Orthoptera fauna of this region was given by Rácz & Varga 
(1985). Only the imagoes were identified and considered in the analysis o f the family A c -
rididae, Tettigoniidae, Gryllidae and Mantodea. The species belonging to these groups 
prefer different grassland habitats in Hungary. The sampling methods o f the grasshopper 
populations and the vegetation were a combination o f quadrat and strip transect methods. 
The collecting o f insects was carried out by sweep-netting, in four neighbouring 50x50 
metres quadrats on each sampling site. Sampling lasted for at least 30 minutes in every 
occasion and sweep-netting was performed by two persons. We tried to cover during the 
sampling time (30 minutes) the entire study plot. The samplings were carried out three 
times, from July to September in 1991. The sweep-netting method is unfortunately selec
tive to particular grasshopper species, and therefore wi th this method we cannot catch all 
o f the species present. This selectivity is due on one the hand to the daily activity of the 
species and their microhabitat preference, and on the other, to the body size o f the 
species, owing to their small size (the males of some species were caught wi th some dif
f iculty) . Eventhough, the method follows the changes o f abundance of the grasshopper 
communities very wel l . 

For the analysis o f data the cluster analysis o f the S Y N - T A X I I I program (Podani 

1988) was applied, for the comparison between the places and occasions. The program 

was applied wi th the fol lowing options: the group average technique for sorting strategy 

and chord distance coefficient for measuring similarity. No data standardisation was car-
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ried out. For establishing species dominance the Berger-Parker dominance index in per
centage distribution was applied (Southwood 1978), 

D % = N m a x / N T x l O O , 

where D % = dominance index in percentage distribution, Nmax= t o t a l number o f individ
uals of a species, N T = total number of the individuals of the communities. 

In calculation the Shannon-Wiener index (F f ) was used (Southwood 1978). 

H ' = - X Pi logepi, 

where pi= proportion of the ith species, l o g e = natural basic logarithm. 
Four different similarity indices were used to determine the similarities between the 

grasshopper communities o f the three sites. 

Renkonen's percentage similarity (Krebs 1989): 

R= minimum (pi, , p2() 

where R= Renkonen index, percentage similarity between sample 1 and 2, pu= percent
age of species i in the community o f sample 1, p2r= percentage o f species t in the com
munity o f sample 2. 

Jaccard's coefficient: 

J= K7(A+B-K) 

where J= coefficient o f Jaccard, K = number of the common species in the community o f 
sample 1 and 2, A = total number o f species in the community o f sample 1, B = total num
ber o f species in the community o f sample 2. 

Coefficient of S0rensen: 

S= 2 K / ( A + B ) 

where S= coefficient o f S0rensen, K, A and B = same as above. 

Coefficient o f Bray-Curtis: 

C= 2 N K / ( N A + N B ) 

where C= coefficient o f Bray-Curtis, N K = sum of the lesser abundance of the common 
species in sample 1 and 2, N A = total abundance in the community of sample 1, N B = total 
abundance in the community o f sample 2. 

To establish the similarity level between the groups Chi-square test was carried out, 
and among the groups (3x3 samplings) and between the groups oneway analysis o f vari
ance was made, by the SPSS/PC+ program (Norusis 1990). 



RESULTS 

During the sampling period we caught altogether 1560 individuals, which belong to 
15 species. Since the adult individuals were identified only, thus the number o f individ
uals (abundance) means not the total abundance of the caught grasshoppers, but only of 
the imagoes. The abundance o f the grasshoppers was highest on the PL (686 individuals), 
on the other sites i t was significantly lower. On the S M site the number o f the captured 
individuals was 452 while on the A L site 310 individuals (Table 2). The changes of the 
abundances of the grasshoppers during summer on the A L and PL sites showed some 
similarity to each other, both of the communities had mid-summer abundance peaks and 
a very low early and late summer abundances. On the S M site the changes o f the same 
were different, the highest abundance occurred in early summer (in July), and later the 
abundance was gradually declining until the end of the summer period (Fig. 1). Species 

Table 2. Orthoptera abundance in the three grasslands during all samplings 

Species Sampling sites  

A L I AL2AL3 A L PL 1 PL 2PL 3 PL M 1 M 2 M 3 M 

Acrididae 

Calliptamus italicus (Linnaeus, 1758) 0 0 1 1 0 0 0 0 0 0 0 0 

Pezotettix giorne (Rossi, 1793) 0 27 7 34 0 0 3 3 0 0 0 0 

Chortippus albomarginatus 
(DeGeer, 1773) 

0 105 35 140 0 0 6 6 0 0 0 0 

Ch. (Glyptobothrus) brunneus 
(Thunberg, 1815) 

1 0 0 1 3 0 0 3 0 0 0 0 

Chortippus dorsatus (Zetterstedt, 1821 ) 2 9 10 21 3 37 66 106 31 6 2 39 

Ch. (Glyptobothrus) mollis 
(Charpentier, 1825) 

0 1 0 1 0 0 0 0 0 0 0 0 

Chortippus parallelus (Zetterstedt, 1821 ) 41 23 6 70 127 84 2 213 258 107 4 369 

Euchortippus declivus (Brisout, 1848) 6 19 17 42 34 210 112 356 0 0 0 0 

Omocestus ventralis Zetterstedt, 1821 0 0 0 0 1 2 3 6 0 0 0 0 

Phaneropteridae 

Leptophyes albovittata (Kollar, 1838) 0 0 0 0 0 0 0 0 15 5 0 20 

Plmneropterafalcata (Poda, 1761) 0 0 0 0 0 0 1 1 0 10 1 ] 21 

Tettigoniidae 

Metrioptera (Roeseliana) roeselii 
Hagenbach, 1822 

4 0 1 5 0 0 0 0 0 1 0 1 

Oecanthidae 

Oecanthuspellucens (Scopoli, 1763) 0 0 0 0 0 0 0 0 0 0 1 1 

Mantodea 

Mantis religiosa Linnaeus, 1758 0 0 0 0 0 1 0 1 0 0 1 1 

Total abundance 315 695 452 



Fig. 1. Changes of abundance of the three grasshopper communities during sampling time. Trend in 
the shapes of the curves on that of the two grazed grasslands - alfalfa site (AL), pasture (PL) - is 
similar to each other 

number o f grasshoppers was also the highest on the PL site (9 species), while on the A L 
site 6 and on the S M site 7 species. The caught species number - by sweep netting 
method - was relatively low on each site. 

We could find similarities between the dominance curves of the species according to 
the species rank on the A L and the PL sites, but they were different from the curve of 
grasshopper community on the S M site. On this latter there was only one species (Chor-
tippus parallelus) that had strikingly high dominance value.On the other sites the domin
ance values were lower and more equalized, there were a dominant and at least one or 
two sub-dominant species. The dominant and subdominant species were Chortippus al-
bomarginatus, Chortippus dorsatus on the A L site, while Euchortippus declivus and 
Chortippus parallelus on the S M site (Fig. 2). The presence o f these species in large 
numbers reflected the microclimate conditions of the different sites as well . The high do
minance values o f Chortippus albomarginatus, Chortippus dorsatus indicated more 
moderate microclimate close to the ground surface and higher moistuere content in the 
soil and in the air among the vegetation. On the one hand, the presence of Euchortippus 
declivus wi th high individual number indicated drier and warmer conditions, while Chor
tippus parallelus medium moisture conditions and higher average height of the plant 
species. 

The Shannon-Wiener diversity indices slightly increased from July to September on 
each site, but got the highest values in the A L site, and a somewhat lower ones on the PL. 
The lowest values were found in the S M (Fig. 3). 

The hierarchical cluster analysis revealed two main groups in the grasshopper com
munities. One of them contained the PL and the A L sites. These are the so called dis
turbed sites (grazed sites), but the other group contained grasshopper communities in the 
SM site. The analysis also revealed that the early summer (July) communities o f the three 
fields have light similarity. The mid-summer and the late summer states were divided 
into two groups. The cluster analysis also divided the disturbed group into two sub
groups, namely the PL and the A L site communities (Fig. 4). 



Fig. 2. Dominance curves of the grasshopper communities on the three different sites. The shape of 
the rank dominance curves on the grazed sites is similar to each other 

Other similarity indices also confirmed the stronger similarity o f the communities of 
the PL and the A L sites (Table 3). 

One-way analysis of variance at the p = 0.05 probability level does not show signifi
cant differences between the groups of the three communities (Table 4). In spite o f this 
the Chi-square test showed some significant differences between the three communities 
(Table 5). 

DISCUSSION 

Sheep grazing had little effect on the grasshopper communities. One of the probable 
explanation is that the grazing was not heavy enough to basically change the structure of 
the vegetation. Fielding & Brusven (1993) found changes in the fundamental community 
structure - e. g. density and species composition - when grazing o f the livestock was i n 
tensive. Neither grazing nor vegetation structure exerted strong effect on the grasshopper 
communities in any site in early summer (July). Their structures were very similar to 
each other. In this period, when most o f the individuals begin to transform into imagoes, 

Table 3. Renkonen, Jaccard, S0rensen and Bray-Curtis similarity coefficients of the three grasshop
per communities. 1= alfalfa site, 2= pasture-land, 3= meadow 

Similarities 1,2 1,3 2,3 

Renkonen 43.3 28.8 39.5 

Jaccard 0.5396 0.3076 0.3076 

S0rensen 0.7 0.4705 0.4705 

Bray-Curtis 0.1406 0.1199 0.2214 



Fig. 3. Shannon-Wiener diversity index (FT) of the grasshopper communities. They slightly 
changed from July ti l l September, and the lowest diversity values were found on the meadow sites 

they were wandering between the sites, and mixed easily up owing to the short distances 
between the sites. That is why they did not show differences in their structure. Com
munity ecologists claim that terrestrial herbivores are often predator-limited and seldom 
food-limited (Slobodkin et al. 1967, Hairston et al. 1960, Hairston 1989). A n alternative 
view is that herbivore populations are food-limited (Fretwell 1977), and predators only 
k i l l prey already destined to die from food-shortages. Another possible explanation inte
grating prédat ion and food-limitation claims that the competitive allocation o f food re
sources between the different herbivore species is modified by selective prédat ion (Paine 
1966, 1984). Grazing could also be such a structuring factor. De Keer etal. (1989) found 
different horizontal distribution o f the spider fauna on the intensively grazed pastures, the 
different pattern o f these lands influences the diurnal activitiy o f the spiders, too. Delt-
schev & Kajak (1974) determined the influence of grazing on the spider fauna and came 
to the conclusion that grazing destroyed almost completely the spider group associated 
with the vegetation zone. Duffey (1962) stressed the structural heterogeneity of the vege
tation being the main factors determining the spider composition and abundance. From 
nature conservation point o f view it seems worthwhile to try to combine both high and 
low vegetation - heavily grazed and lightly grazed sites - in one particular habitat. Ex
tensive grazing has been proposed as a management practice to accomplish such combi
nation o f the two structural microhabitats (Morris 1969). Wingerden et al. (1991) estab
lished positive and neutral efffects o f cattle grazing on grasshoper abundance compared 
to ungrazed grasslands, and intensive grazing had negative effect compared to extensive 
grazing. Siepel et al. (1989) made a comparison between the effects of grazing on arthro
pod abundance and the effects o f mowing, which turned out to be unfavourable for graz
ing. Concerning grasshoppers the intensity wi th which grazing is applied, is crucial and 
in addition has opposite effects on the different systematic groups (Capinera & Sechrist 



Sites 
Fig. 4. Cluster dendrogam of the grasshopper sampling units. Where A L = alfalfa site, PL = pature, 
M = steppe meadow site. The numbers 1, 2, 3, = samplings in July, August and September. The 
analysis revealed groups among the grasshopper communities, the first group was the early 
summer ones. The second group was the late summer and the early autaumn communities, which 
were divided into two clumps, according to the perturbation of the sites 

Table 4. Oneway variance analysis inside the group and between group 

Sites Scheffe p level Significance 

A L 3.59 O.05 NS 

PL 3.59 0.05 NS 

M 3.59 0.05 NS 

Between the groups p>0.05 level was not significant 

Table 5. Chi-sqaure analysis of the grasshopper communities of the three sites (AL = alfalfa, 
PL = pasture4and, M = meadow) 

Between sites Chi-sq df. Significance 

AL-PL 470.257 14 S 

A L - M 437.899 14 S 

PL-M 440.820 14 S 



1982). Several components o f the vegetation structure (vegetation texture and architectu
ral complexity) emerge from the literature as important contributors to variation in herbi
vore abundance, diversity, and life history. Vegetation texture includes several attributes: 
plant density (the distance between individuals o f the same species), patch size (the geo
graphical extent o f the stand), and vegetation diversity (frequency and identity o f non-
hostplant individuals (Kareiva 1983). Individual plants may also vary in architectural 
complexity, involving two characteristics: plant size (the spread of plant tissue through 
different positions in space) and the variety o f plant structures (number of plant parts, 
both in form and persistence (Southwood et al. 1979). These components of vegetation 
structure define together to a large extent the habitats of herbivorous insects. Variation in 
these components and interactions among them result in an array o f habitat possibilities, 
each with different consequences for herbivorous insects. Trends have emerged in both 
plant diversity and structure (Southwood et al. 1979), and in the associated insect herbi
vore community, where species diversity, gui ld structure, niche breadth, morphological 
diversity and reproductive effort have been found to vary. 

Rushton et al. (1989) have reported that upland improved pastures have obviously 
different ground beetle and spider faunas from those of the unmanaged upland pastures 
and that management practices are reflected in the species assemblages of these inverte
brates on improved pastures. Agricultural management in lowland areas was shown to af
fect the distribution of grassland weevil species. L u f f & Eyre (1988) used ground beetles 
to monitor change in habitat wi th a land use change from agricultural to heath land. 
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