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1. The role of animal-like food in food composition of Great Bustard 

The animál preys of Great Bustard seems to have primary importance 
both for the aduit and for the juvenile Bustards (Fodor—Nagy —Sterbetz, 1 9 7 1 , 
Glutz —Bauer—Bezzel, 1 9 7 3 ) . Crop analysis of 5 1 Spanish Bustards revealed, 
that in 4 3 crops collected in spring both the plants and the animal-like foods 
were important constituents of the Bustards" food (Palacios—Garzon—Castro-
viejo 1 9 7 5 ) . The majority of preys belonged to Coleoptera, Lepidoptera and 
Orthoptera, while some Hymenoptera and Diptera were also presented. Beetles 
occured in 9 5 . 3 % of crops. and 9 5 , 5 % of all insects were identified as beetles. 
They have suggested, that in summer more cereals, more Dyctiopteras and 
Orthopteras were found than earlier, but their sample size was only two crops. 
They also suggested, that the food composition in autumn is similar to the sum
mer one, but this Suggestion based on 1 crop. 

The only study analyzing the food composition of Bustard throughout 
the breeding season was done by Rjabov—Ivanova ( 1 9 7 1 ) in Kazakhstan. They 
have demonstrated, that 4 8 . 9 % » of all occurances and 3 7 . 8 % of total weights 
were animals in 2 5 aduit crops, while the same figures were 6 3 . 2 % and 96,5%> in 
1 2 juvenile crops. So the prey consumption seems to be age dependent. In 
contrast with the juveniles the Coleopterans and Orthopteras have secondary 
importance for the adults from May to August, while the vertebrates have only 
an inferior one. 

Two non-excluding hypotheses have been proposed for the insect prefe-
rence of the juveniles. For the first the insects contains 1 2 — 3 0 % of protein, 
while the plants only 3 , 5 — 5 , 3 % . The protein is the most important constituent 
of the differentiating tissues and organs. The various kind of animál preys could 
supply all amino-acids needed to the protein synthesis. The role of the lipids 
could also be important as energy reservoires. 4 . 6 % to 1 4 , 5 % of insects body 
and 4 . 1 % — 1 2 . 0 % of vertebrates are üpids, while 1 . 8 % — 2 . 7 % of beetles and 
2 . 2 % — 6 . 3 % of vertebrate are mineral salts. 

The second hypothesis is that since the intestinal flóra of chicks does not 
develop during the first phasis of their life, the chicks are not able to digest cel-
lulose or plants. The intestinal flóra develops Step by Step, so the chicks are 
able to consume more and more plants later on. 

The study of Rjabov-Ivanova ( 1 9 7 1 ) has also shown, that the frequency of 
preys in the food composition increased towards the end of summer (Fig. 1 ) . 
That kind of shift is probably due to both the increased abundance of insects 
especially of Orthopteras, and to the collapsing of phytomass because of dry-
out. This suggests, that the insects have higher quality than the plants, so due 
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Fig. 1 Percent occurance of animals in food composition of adult. Bustards (solid line) and percent 
degree of crop Saturation (broken line) between May and August. Based on Rjabov-Ivanova 1971. 

to the small amount of insects the Saturation of crop could be lowered. I would 
üke to propose, that the Bustard is able to replace the high quaüty food with 
common, but low quaüty food and vice versa, and this could be an adaptive 
feature. On the other hand, the human disturbance could not affect directly 
the foraging of Bustards, so the direct human impact could not be the unique 
reason for the decline of Great Bustard populations. 

2. Availability of animal-like foods 

The first aim of the study was to collect samples on the food availabiüty 
in order to complete the earüer bromatological studies. The second aim of the 
study was to compare the food availabiüty of natural habitats (e.g. alcaline 
meadow) with that of the new agrucultural ones (e.g. lucerne and winter 
wheat). The hypothesis is that the food availabiüty could promote the recent 
habitat shift of Bustard from natural habitats to agricultural ones (Faragó 
1984). My opinion is that the food supply could have an influence on the 
habitat choice of Bustard. Probably both for the hen and for the precocial 
chicks which stray around the nest for a while are very important the abun-
dance of insects, especially the beetles. The rieh insect supply could prevent 
the hen from long interruptions of ineubation, and it could speed up the 
growing of youngs. 

2.1 Methods 
The fieldwork was condueted in Dévaványa Nature Conservation District. 

The Bustards usually pick up insects either from the ground or from leaves. 
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According to Gewalt (1959) they are not hunting for insects on the back 
sides of the leaves. Therefore I applied two methods of insect sampling. 

Pitfall traps 
Ten traps were arranged in one line in each of the three habitats, namely 

in meadow (Festucetum pseudovinae), wheat field and in lucerne field, so prac-
tically transect sampüng was applied. The distance between the traps was 10 m. 
The traps were 10 cm deep plastic Containers, and they were 8 cm in diameter. 
The rim of Containers was precisely in the same level as the surface of soil. To 
avoid the decomposition of materials, the traps were fiiled half with formalin. 
The traps were protected from litter and from precipitation by slates. The 
traps were regularly emptied from 7th of Apri l to 16th of June, 1979. 

Study sessions: 
1. 7th of Apri l - 2 Ist of Apri l , 1979 1-lOsamples 
2. 21stof A p r i l - 5 tho fMay , 1979 11-20 samples 
3. 5 t h o f M a y - 19thofMay, 1979 21 -30 samples 
4. 1 9 t h o f M a y - 2nd of June, 1979 31-40samples 
5. 2nd of June - 16th of June, 1979 41-50samples 

In each of the three habitats all of the 10 traps were emptied five times, 
so this gives 150 samples altogether. I checked the traps always in the same part 
of the day. The samples were conserved in 75% ethyl-alcohol. 

Sweep nets 
Sweep nets were appüed to complete the results of the pitfall traps. The 

collections consisted of then strokes by then times in each of the three habi
tats. The sampüng was repeated three times. The insects were killed by ether-
acetate. The sweep nets were collected on three times: 

1. 5 tho fMay , 1979 1-10 samples 
2. 19thofMay, 1979 11-20 samples 
3. 2nd of June, 1979 21—30 samples 

After the selection and the identification of samples I measured their dry-
weights. See the results in Table 1. 

The beetles were identified by the help of Csíki (1905 — 1908), Papp 
(1943) and Móczár (1969). The order of families follow Móczár (1969) while 
within a particular family alphabetical orders were appüed (Tables 2—6). 

The weights of samples were compared. The simplest way i f we calculate 
both the sample weights of three habitats and their ratios. To recognize the 
possible habitat shift, I used the samples of meadow as unit to calculate the 
relative dry weights of the two other habitats. The means of the samples were 
compared by t-tests. Diversity and evenness of samples were also worked out 
by Shannon—Wiener formula for the beetles of the three habitats (Legány 
1983, Török 1984): 

i=s m n: 
^ - g t - n ^ n 

where Hg = diversity, 
nj = number of individuals for the ith species 
n = total number of individuals 

•j* = relative frequency. 
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Table 1. 

Results of the pitfall traps in three habitats throughou! the breeding season. Each Session (1-5, see text fordetailes) is represented by four columns. 
The first columns mean the number of individuals caught. while the second ones express them as percent occurances. The third columns conlmn the dry 

weights of individuals in gram, while the fourth ones give the percem dry weights 

1. 2. i. 4. 5. 

db % g % db % g % db % g % db % g % db % g % 

Isopoda 4 0,59 0,03 4,35 6 1,61 0,05 8,06 9 4,95 0,13 18,83 1 0,45 0,01 0,76 3 1,30 0,02 1,50 
Diplopoda 1 0,15 0,01 1.45 - - - - - - - - - - - - - - - -

Mea Chilopoda 3 0,44 0,02 2,90 4 1,08 1,01 1,62 2 1,10 0,01 1,45 3 1,36 0,03 2,29 2 0,87 0,01 0,75 
dow Coleoptera 27 4,00 0,33 47,83 18 4,84 0,24 38,7 1 13 7,13 0,19 27,54 57 25,79 0,89 67,94 30 13,04 0,52 39,10 

Formkoidea 566 83,85 0,14 20,29 292 78,49 0,09 14,52 114 62,64 0,04 5,80 107 48,42 0,04 3,05 106 46,09 0,04 3,01 
Lepidoptera 1 0,16 0,01 1,44 2 0,54 0,05 8,06 - - - - - - - ' - 40 17,40 0,24 18,05 
Araiicidea 73 10,81 0,15 21,74 50 13,44 0,18 29,03 44 24,18 0,32 46,38 53 23,98 0,34 25,09 49 21,30 0,50 37,59 

Total 675 100,00 0,69 100,00 372 100,00 0,62 100,00 182 100,00 0.69 100,00 221 100,00 1,31 100,00 230 100,00 1,33 100,00 

Isopoda 30 13,95 0,46 18,18 12 8,05 0,20 17,86 64 12,45 1,18 22,35 20 4.45 0,33 6,09 4 1,46 0,05 1,54 
Diplopoda 54 25,12 0,82 32,41 4 2,68 0,10 8,93 41 7,98 0,74- 14,02 5 1,11 0,15 2,77 1 0,36 0,04 1,23 
Cliilopoda 1 0,44 0,01 0,40 - - ' - - 1 0.19 0,01 0,19 - - - - - - - -

Whcat Coleoptera 63 29,30 0,92 36,36 58 39,93 0,68 60,71 212 41,25 2,94 55.68 179 39,87 3,18 58,67 57 20,80 1,18 36,31 
Forniieoidea 15 6,98 0,01 0,40 15 10,07 0,01 0,89 48 9,34 0,01 0,19 - - - - ' - - - -
Diptera 5 2,32 0,02 0,79 - - - - - - - - 3 0,67 0,02 0,37 5 1,83 0,04 1,23 
Araneidca 47 21,86 0,29 11,46 60 40,27 0,13 11,61 148 28,79 0,40 7,57 242 53,90 1,74 32,10 207 75,55 1,94 59,69 

Total 215 100,00 2,53 100,00 149 100,00 1,12 100,00 514 100,00 5,28 100,00 449 100,00 5,42 100,00 274 100,00 3,25 100,00 

Gastropoda - - - - - - - - - - - - - • - - - - - - -
Isopoda 51 18,28 0,57 16,96 36 8,98 0,49 9,82 59 9,13 0,66 9.61 86 11,24 1,33 13,19 18 4,16 0,25 5,33 
Diplopoda 36 12,90 0,80 23,01 11 2,74 0,38 7,62 17 2,63 0,68 9.90 3 0,39 0,10 0,99 14 3,23 0,51 10,87 
Chilopoda 1 0,36 0,01 0,30 - ' - - - - - - - 1 0.13 0,01 0,01 - - -

Lu- Orthoptera - - - - - - - - - - - - - - - - 2 0,46 0,02 0,43 
ceme Coleoptera 37 13,26 1,42 42,26 224 55,86 3,56 71,34 397 61,46 4,81 70,01 513 67,06 7,06 70,04 105 24,25 1,82 38,81 

Formieoidca 9" 3,23 0,01 0,30 - - - - - - - • - - - - - - - - -
Lepidoptera 2 0,72 0,01 0,30 1 0,25 0.01 0,20 4 0,62 0,05 0,73 1 0,13 0,01 0,09 3 0,69 0,03 0,64 
Diptera - - - - 2 0,50 0,02 0,40 1 0,15 0,09 1,31 6 0,78 0,04 0,40 6 1,39 0.04 0,85 
Apoi dea - - - - - - - - - - - - 1 0,14 0,02 0,20 1 0,23 0,01 0,21 
Araneidca 143 51,25 0,54 16,07 127 31,67 0,53 10,62 168 26,01 0,58 8,44 154 20,13 1,51 14,98 284 65,59 2,01 42,86 

Total 279 100,00 3,36 100,00 401 100,00 4,99 100,00 646 100,00 6,87 100,00 765 100,00 10,08 100,00 433 100,00 4,69 100,00 



Evenness was calculated as follows: 

where J = evenness 
S = total number of species 
In S = H 

max = maximum diversity. 
The Jaccard's coefficient was also used to compare the composition of 

beetles belonging to various habitats. 
2.2 Food availability of alcaline meadow (Festucetum pseudovinae) 

The total number of insects caught was the highest in mid-May (Table 1. 
and Fig. 2). The absolute number of Formicoidea decreased from 566 to 106 
and their relative importance also declined from 83,85% to 46,09%. The 
number of spiders was fairly even during the breeding season, they embodied 
10.81% of all insects at the beginning of the breeding season, while their fre
quency increased to 24.18% and than decreased again to 21,30%. The number 
of beetles was between 13—57 and their relative importance increased from 
7,13% to 25,79%. The number of isopods, diplopodans and chilopodans was 
fairly even throughout the breeding season, but their mass decreased at the 
beginning of summer. However, the caterpillars (Lepidoptera) reached 17.40% 
in early spring (40 individuals caught). In contrast to the total number of in-

Table 2. 

Composition of beetles in pitfall traps of meadow during five sessions (see text for detáles) 

Species 
1 -

No. o f 
indivi
duals 

10 
Dry 

weight 
(g) 

11-
No. of 
indivi
duals 

-20 
Dry 

weight 
(8) 

2 1 -
No. o f 
indivi
duals 

-30 
Dry 

weight 
(g) 

3 1 -
No. o f 
indivi
duals 

-40 
Dry 

weight 
(g) 

41 
No. o f 
indivi
duals 

-50 
Dry 

weight 
(g) 

Agonum assimile PAYK. 1 0,01 _ . _ 1 0,01 
Amara aenea DEG. 8 0,08 5 11.04 4 0,04 7 0,07 10 0,10 
Amara apricaria PAYK. 1 0,01 - - - - 4 0,04 - -
Pterostichus anthracinus I L L . - - - - - - 5 0,06 1 0,01 
Pterostichus coerulescens L. 4 0,07 - - - - 2 0,02 - -
Hister quadrimaculatus L. - - - - 1 0,03 5 0,20 - -
Onthophagus ruficapUIus BRULLÉ - - 1 0,01 - - - — - -Pentodon idióta HERBST. - - - - - - 1 0,17 - -Amphimallon solstitialis L. 1 0,21 
Opatrum sabulosum L. - - - - - - 1 0,01 - -
Umonius pilosus LESKE 1 0,01 - - 1 0,01 - - - -
Dermestes frischi KUG. 10 0,10 7 0,07 2 0,02 27 0,27 15 0,15 
Dorcadion fulvum SCOP. - - 1 0,03 1 0,03 - - - • -
Dorcadion pedestre PODA. - - 1 0,03 - - - - - -
Dorcadion scopolii HERBST. 2 0,05 3 0,06 2 0,04 - - - -
Galeruca tanaceti L. - - - - - - - - 1 0,02 
Phytonomus zoilus SCOP. - - - - - - 1 0,01 -
Tanymecus palliatus FABR. - - 2 0,02 4 0,04 2 0,02 

Total 27 0,33 18 0,24 13 0,19 57 0,89 30 0,52 

dividuals the total dry weights of samples increased as the study progressed. 
The common, but small ants (Formicoidea) are probably negligible food supply 
for the Bustards. The joint mass of isopods, diplopodans and chilopodans at 
first expanded from 8,70% of the total weight to 20,28%, and at last it dec
reased to 3,05% and to 2.25%. The weight of the spiders shifted from 0.15 g 
to 0,50 g and they compressed 21.74% of the total mass which increased to 
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Fig. 2 Pitfall samples of meadow. Number of arthropods (top left) redrawn as percent occurances 
(bottom left), dry weights of arthropods (top right) and percents of dry weights (bottom right, 

based on five sessions (1-5) 



46.38%, respectively. The mass of spiders caught increased throughout the 
study periods, but it reached the highest relative mass at the beginning ot" May. 

Both the absolute and relative weight of beetles were the largest. At first 
their relative weight decreased from 47.83% to 27.54%, than it culminated 
with 67.94% and at the end of the breeding season it dropped to 39.10%. The 
species composition of beetles are depicted in Table 2. I combined the catch ot 
each 10 traps, and I calculated their means too. Individuals of 18 species were 
represented in the samples: 

Families No. of species 
Carabid beetles - Carabidae 5 
Steel beetles — Histeridae 1 
Click beetles — Elateridae 1 
Dermestid beetles - Dermestidae 1 
Ground beetles - Tenebrionidae 1 
Dung beetles - Scarabaeidae 1 
Cockshafers - Melolonthidae 2 
Longhorns - Cerambycidae 3 
Chrysonielid beetles — Chrysomelidae 1 
Weevils - Curculionidae 2 
Beetles - Coleoptera 18 

The most important insects were the carabid beetles and the dermestid 
beetles both from the viewpoints of numbers caught and of total weights. Nu-
merous species were the Amara aenea and the Dermestes frischi and probably 
they buildup the bulk of the Bustards' food with three Dorcadion species. 

The majority of species belonged to the beetles by sweep netting too.- We 
left out of consideration the individuals smaller than 3 mm, since they are pro
bably not potential preys for the Bustards (Table 3.). The species netted be
longed to the following families: 

Families No. of species 
Carabid beetles - Carabidae 1 
Malachid beetles - Malachidae 1 
Click beetles - Elateridae 2 
Pill beetles - Byrrhidae 1 
Chrysomelid beetles - Chrysomelidae 3 
Weevils - Curculionidae 1 
Beetles — Coleoptera 9 

The most important preys are probably the click beetles especially the 
Limonius pilosus. However, in the samples of both May and early June the 
Eusomus Ovulum was also frequently found. I discovered various Orthopteras 
especially grasshoppers (Tettigonidae) in June, which could be an important 
preys of the Bustards in summer. 

To summarize the results on food availabiüty of meadows, I found the 
arthropods namely the isopods, diplopodans and chilopodans to be account 
for maximum 20% of total mass, but as the bromatological studies reveal they 
are not overhelming in the food composition of Bustards. The most numerous 
invertabrates are probably the insects especially the beetles throughout the 
breeding season and the Orthopteras in summer. The dominant beetle families 
were the Carabidae, Dermestidae, Elateridae, Chrysomelidae and Curculionidae 
while the dominant Orthoptera family was the Tettigonidae. The caterpillars 
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could also be important. The Bustards feed on some spiders, so the Araneidae 
must not leave out of consideration. 

Table 3. 

Composition of beetles in sweep nets collected in meadow on three days 
(see text for detailes) 

1- 10 11- -20 21- 30 

Species No. of Dry No. of dry No. of Dry Species indivi weight indivi weight indivi weight 
duals (g) duals (g) duals (g) 

Amara familiáris DUFT. 1 0,01 _ — — — 

Malachius marginellus OLIV. 1 0,01 - - -
Agriotes obscurus L. 1 0,01 - - -
Limonius pilosus LESKE 32 0,48 6 0,09 15 0,23 
Byrrhus pilila L. 1 0,02 - : - -
Cassida nebulosa L. 1 0,01 - — — 
Chrysomela marginata L. - - 1 0,01 - -
Phaedon pyritosus ROSSI - - 2 0,02 
Eusomus Ovulum GERM. - - 30 0,30 13 0,13 

Total 37 0,54 39 0,42 
_ _ _ _ _ _ 

28 0,36 

2.3 The animal-like food supply ofBustars in winter wheat 
The composition of pitfall traps are indicated both in Table 1 and Fig. 3. 

The total number of insects caught decüned from the beginning of the field-
work to the end of Apri l , than increased to early May and afterwards it dec
reased again. The isopods, diplopodans and the chilopodans diminished to-
wards the beginning of summer. The ants could play a minor role as food 
source of the Bustards, their maximum value was 10.07% of the total insects 
while during the last two sessions they were not trapped at all. Both the num
ber and the frequency of spiders increased throughout the study period (Tab
le 1.). The importance of beetles increased to the end of May (Table 2.), than 
it feli down. The weight compositions followed a similar pattern to the latter 
ones. The peak mass of arthropods was 10,08 g in May, than it dropped with 
more than 40%. The amount of isopods, diplopodans and chilopodans dec
reased from 50,99% of the total mass to 2,77% at early June. The opposite 
trend could be observed in the case of spiders, which mass improved from 
11,46% of the total mass to 59,69%. The ants and the flies seems to be negli-
gible. 

In wheat the beetles are probably fundamental food resources of the 
Bustards. The total weight of beetles decreased from 0,92 g to 0,68 g, than 
it increased again to 3,18 g in early June. Than the amount of beetles were 
dropped by about 50%. Since there were an overall disappearance in these time, 
the relative amount of beetles decreased only in the last session to 36.31%. 
Before that the relative mass of the beetles was fairly unchanged between 
55,67% and 60,71%. 
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• Fig. 3 Pitfall samples of wheat. Number of arthropods (top left) redrawn as percent occurances 
(bottom left), dry weights of arthropods (top right) and percents ofdry weights (bottom right, 

based on five sessions (1-5) 



Table 4. 

Composition of beetles in pitfall traps of wheat field during five sessions (see text fordetailes) 

1- 10 11- 20 21 -30 31--40 41- -SO 
Species No. of Dry No. of Dry No. of Dry No. of Dry No. of Dry Species indivi weight indivi weight indivi weight indivi weight indivi weight 

duals (g) duals (g) duals (g) duals (g) duals (g) 

Agonum dorsale PONT. 2 0,01 8 0,07 5 0,05 3 0,02 
Amara apricaria PAYE. 2 0,02 - - - - 1 0,01 _ _ 
Brachynus crepitans L. 21 0,27 26 0,26 44 0,44 58 0,61 6 0,06 
Brachynus explodens DUFT. - - - - 6 0,03 12 0,07 3 0,02 
Calathus fuscipes GOEZE. 3 0,04 1 0,01 1 0,02 - - _ Carabus hortensis L. - - - - - - 1 0,13 1 0,16 
Pterostichus anthracinus ILL. - - - - 2 0,04 _ Pterostichus coerulescens L. 22 0,36 10 0,10 72 1,30 42 0,51 5 (1.0? 
Pterostichus vulgaris L. - - 4 0,11 8 0,25 25 0,50 22 0,45 
Silpha obschura L. ' 2 0,12 1 0,05 4 0,27 18 1,08 5 0,30 
Goerius similis F. 5 0,03 2 0,02 6 0,11 4 0,04 1 0,01 
Philonthus politus FABR. - 1 0,01 - - _ _ _ _ Histeridae lárva - - - - - - _ 2 0,02 
Hister purpurascens HERBST. 1 0,01 1 0,01 11 0,09 2 0,02 3 0,02 
Hister quadrimaculatus L. - - - - - _ 1 0,03 
Cantharis fusca L. - - - 1 0,01 _ Umonius pilosus LESKE - - - — 1 0.01 
Dermestes frischi KUG. 6 0,06 1 0.01 4 0,(14 2 0,02 7 0,07 
Opatrum sabulosum L. - - - 1 0,01 3 0,06 1 0,01 
Onthophagus ruficapillus BRULLÉ - 3 0,03 49 0,32 5 0,04 - -Total 64 0,92 58 0,68 212 2,94 179 3,17 57 1,18 

The composition of samples and the üst of species are indicated in Tab
le 4. The 20 species caught belonged to 9 famiües: 

Families No. of species 
Carabid beetles — Carabidae 9 
Carrion beetles — Silphidae 1 
Rove beetles — Staphylinidae 2 
Steel beetles — Histeridae 3 
Soldier beetles — Cantharidae 1 
Click beetles — Elateridae 1 
Dermestid beetles — Dermestidae 1 
Ground beetles — Tenebrionidae 1 
Dung beetles — Scarabaeidae 1 
Beetles - Coleoptera 20 

The most numerous species were the carabid beetles, the Silpha obscura, 
the Goerius similis, the Hister purpurascens, the Dermested frishchi and the 
Onthophagus ruficapillus. 

Only three Dolycoris baccarum were collected altogether by sweep nets, 
so that data were not evaluated further. 

To summarize the food supply in wheat field one can conclude, that this 
habitat is poorer in insects than the others. In wheat field the decüning abun-
dance of isopods, diplopodans and chilopodans is typical as the breeding season 
goes on, while the spiders have a boom in early summer. The majority of the 
available food is beetles belonging to Carabidae, Silphidae, Histeridae, Der
mestidae and Scarabaeidae. 
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Flg. 4 Pitfall samples ofluceme. Number of arthropods (top left) redrawn as percent occurances 
(bottom left), dry weights of arthropods (top right) and percents ofdry weights (bottom right, 

based on five sessions (1-5) 



2.4 Availability of animal-like preys in lucerne field 
The results of the pitfall traps are summarized in Table 1. and Fig. 4. The 

total number of invertebrates caught was the highest in early June (765 indi
viduals), than it declined to 433 individuals. The number of isopods, diplopo
dans and chilopodans was relatively constant throughout the breeding season, 
which resulted in a drop from 31.54% of total individual caught to 7,39%. 
143 to 168 spiders were trapped between Apr i l and early June, than the num
ber of spiders jumped up to 284 probably due to the drought (see Table 1. for 
the percent frequencies). Hardly any specimen were found from Gastropoda, 
Orthoptera, Diptera, Formicoidea, Lepidoptera and from Apoidea. The initial 
number of beetles was 37 in the pitfall traps, than it gradually increased to 513, 
and at last it dropped again to 105 at early summer. The lowest frequency of 
beetles was 13.26% while the highest one was 67,06%. 

In generál the same trend seems to be true for the total weights of pitfall 
samples. The total weight increased from 3,36 g to 10,08 g, than it dropped 
almost by 50%. Since the microclimate of lucerne is probably favourable for 
the isopods, diplopodans and chilopodans, therefore both of the absolute and 
relative weights are high. Due to the drought their initial occurance decreased 
from 40,27% to 14,19% at early summer. The opposite tendency could be ob
served for spiders, which mass increased from 8.44% to 42,86% at early sum
mer. 

In the case of lucerne the beetles seem to have the largest weights, so they 
have probably a fundamental role. The total weight of beetles increased from 
1,42 g to 7.06 g than it decreased to 1.82 g. The relative weight of beetles was 
between 38,81% and 70.04%. Probably the beetles are the most important food 
source of Bustards not only in meadow and wheat but in lucerne too. The 29 
species trapped belong to the following famiües: 

Families No. of species 
Carabid beetles —Carabidae 16 
Carrion beetles - Silphidae 3 
Dung beetles — Scarabaeidae 1 
Rove beetles — Staphylinidae 2 
Dermested beetles — Dermestidae 1 
Steel beetles — Histeridae 2 
Soldier beetles — Cantharidae 1 
Raspberry beetles — Byturidae 1 
Weevils — Curculionidae 2 
Beetles — Coleoptera 29 

The commonest taxons were the carabid beetles the Silpha obscura, the 
Onthophagus ruficapillus and the Goerius similaris (Table 5.). 

Only beetles larger than 3 mm were identified from the collected materials 
of sweep nets. I found 2 Dolycoris baccarum in all sweep nets. The results on 
the beetles are shown in Table 6. 29 species were found in the nets: 
Families No. of species 
Carabid beetles — Carabidae 6 
Steel beetles — Histeridae 2 
Soldier beetles — Cantharidae 1 
Malachid beetles — Malachidae 2 
Click beetles — Elateridae 2 
Lady birds - Coccinellidae 5 
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Chrysomeüd beetles — Chrysomelidae 6 
Weevils — Curcuüohidae 5 
Beetles — Coleoptera 29 

The most numerous species were leaf-eaters and they belonged either to 
Chrysomelidae or to Curculionidae. 

Table 5. 

Composition of beetles in pitfall traps of lucerne field during five sessions'see text fordetails) 

1 - 10 11- -20 21- 30 31 -40 41- 50 
Species No. of Dry No. of Dry No. of Dry No. of Dry No. of Dry Species indivi weight indivi weight indivi weight indivi weight indivi weight 

duals (g) duals (g) duals (g) duals (g) duals (g) 

Agonum as&imilc PAYK. 1 0,01 10 0,06 5 0,04 1 0,01 
Agonum dorsale PONT. 5 0,04 82 0,41 123 0,60 125 0,61 13 0,08 
Amara acnea DEG. 2 0,02 1 0,01 4 0,03 - - 3 0.08 
Amara apricaria PAYK. - - 2 0,02 3 0,03 - - - -
Amara surynota PANZ. • - - - - 3 0,03 7 0,13 - -Brachynus ercpitans L. 1 0,01 10 0,01 29 0,21 84 0,84 2 0,02 
Brachynus explodens DUFT. - - 12 0,06 19 0,09 105 0,51 12 0,07 
Calathus fuscipcs GOEZE - - - - 6 0,11 - - - -
Carabidae lárva - - - - - - 3 0,03 - -
Chlaenius tristis SCHALL. 1 0,02 - - - - - - - -
Drypta demlata ROSSI - - 1 0,01 - - - - -
Harpalus azureus F. - - - - 6 0,06 3 0,03 1 0,01 
Leistus Tcrrugincus L. - - - - - - - - 2 0,02 
Pterostichus anthracinus - - 1 0,02 1 0,02 20 0,40 9 0,17 
Pterostichus coerulescens L. 1 0,01 2 0,02 1 0,01 4 0,05 - -
Pterostichus vulgaris L. - - - 3 0,06 4 0,11 8 0,16 
Necrophof us Vespíllo - - - - - 1 0,14 - -
Silpha obseura L. imágó 21 1,25 38 2,24 31 1,86 94 3,55 10 0,60 
Silpha obseura L. - - - - - - - 11 0,22 
Onthopagus ruFicapíUus BRULLÉ 1 0,01 61 0,55 149 1,49 43 0,38 15 0,15 
Goerius similis F. 4 0,05 - - 9 0,12 6 0,11 5 0,12 
Philonthus politus FABR. - - 1 0,01 1 0,01 3 0,03 11 0,09 
Dcrmestes frischi KUG. - - 1 0,01 4 0,04 2 0,04 -
Hister corvinus GERM. - - - - - - 1 0,02 -
Histeridae lárva - - - - - - - .. - '„ 1 0,01 
Cantharis frusca L. - - - - - - 7 0,07 1 0,03 
Byturus aestivus FABR. - - 1 0,01 - - - - -
Phytonomus variábilis - - - - - - - - 1 0,01 
Ctiorrhynchus ligustici - - 1 0,03 - - 1 0,03 

Total 37 1,42 224 3,56 397 4,81 513 7.06 106 1,82 

To summarize the findings on preys of lucerne I could state, that the most 
numerous preys of Bustards belong to the beetles, especially to Carabidae, 
Silphidae, Staphylinidae, Chrysomelidae and to Curculionidae. The spiders, 
isopods and diplopodans are also frequent, but they form only complementary 
food supply for the Bustards. 

2.5 Comparison of animal-like food availability of the most important 
breeding habitats 

As we mentioned in the introduction the bulk of the foods with animál 
origin are arthropods in the breeding season. Both the bromatological studies 
and the investigations on the food availabiüty of various habitats revealed, that 
the isopods, diplopodans, insects and spiders could be categorised as preys of 
the Bustards. The most important insects seem to be the Orthoptera and 
Coleoptera. In the remaining paragraphs we would üke to discuss the food avai
labiüty of various breeding habitats (Fig. 5.). 
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Table 6. 

Composition of beetles in sweep nets collected in luceme field on three days 
(see text for detailes) 

1- 10 11- -20 21- 30 

Species No. of Dry No. of Dry No. of Dry Species indivi weight indivi weight indivi weight 
duals (g) duals (g) duals (g) 

Agonum assimile PAYK. 1 0,01 — _ 
Agonum dorsale PONTOP. - 1 0,01 - -
Amara eurynota PANZ. 2 0,02 1 0,01 - -
Amara familiáris DUFT. 12 0,08 - - - -
Agabus labiatus BRAHM. , - - 1 0,01 - -
Harpalus azureus FABR. - - 1 0,01 - -
Histeridae lárva - - - 3 0,02 
Hister neglectus GERM. - - - 1 0,01 
Cantharis fusca L. - - - 13 U.Iii 1 0,02 
Malachius marginellus OLIV. - - - - 68 0,21 
Malachius vulneratus AB. 1 0,01 - - - -
Agriotes obscurus L. 2 0,02 5 0,05 - -
Melanotus punctolincatus PEL. - - - - 1 0,03 
Coccinella conglobata L. - - 6 0,04 1 0.01 
Coccinella septcmpunctata L. - - 5 0,09 1 0,02 
Hyperaspis rcppcnsis HERBS 1 0,01 - - -
Propylaca quatourdecimpunctata L. - - 8 0,05 4 0,03 
Subcoccinella vigintiquatuor-
punctata L. - - 4 0,03 3 0,02 

Cassida nebulosa L. - - 2 0,02 - -
Colaphellus sophiae SCKALL. 1 0,01 - - - -
Galcruca tanaceti L. - - - - 1 0,02 
Leina cyanclla L. 3 0,03 - - - -
Phytodecta formicata BRUGG. 33 0,48 34 0,48 18 0,24 
Psylliodes chrysocephala L. 1 0,01 - - - -
Eusomus Ovulum GERM. - - - - 9 0,09 
Phytonomus nigrirostris FABR. 16 0,05 - - - -
Phytonomus variábilis HERBST. 10 0,08 12 0,08 23 0,14 
Sitonia humeralis STEPH. 22 0,12 37 0,20 29 0,18 
Tanymecus palliatus FABR. - - 1 0,02 1 0,02 

Total 104 0,92 132 1,27 164 1.06 

Isopods 
The moisture can strongly äffe et the abundance of isopods (Tischler 

197b). This may help to interpret the fact, that they are almost negligible in 
the dry meadow. However, in wheat they culminate in mid-May, while in lu
cerne their abundance increased smoothly tili the harvesting. If we declare the 
meadow as unit, the relative weights of the habitats are the follows. 

Sessions Meadow Wheat Lucerne 
1. 1 15.33 19.00 
2. 1 4.00 9.80 
3. 1 9.08 5.08 
4. 1 33.00 133.00 
5. 1 2.50 12.50 

The relative values of monocultures were always higher that that of the 
meadow. 
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Diplopodans 
The occurance of diplopodans could have microclimatic roots too. Due to 

the rise in temperature, their abundance lowered in monocultures, probably as 
a consequence of sparse vegetation cover. They practically do no occur in gras-
lands only in wet early Apri l . Their abundance seems to be higher in monocul
tures than in meadow. 

Spiders 
Probably the increasing temperature could differently influence the 

abundance of spiders. The highest relative weights were observed for the 
samples of lucerne field, while the lowest ones were in meadow, and medium 
values were observed for the wheat. 

Sessions Meadow Wheat Lucerne 
1. 1 1.93 3.60 
2. 1 0.72 2.94 
3. 1 1.25 1.91 
4. 1 5.12 4.44 
5. 1 3.88 4.02 

As in isopods, the ratio of monocultures were higher than the meadow 

one. 

Beetles 
As we reasoned earlier, particularly important to compare the beetles of 

various habitats. In generál the dry weight of beetles increased to early June, 
than it feli down. The weight ratio between the habitats can be calculated as 
follows: 

Sessions Meadow Wheat Lucerne 
1. 1 2.8 4.3 
2. 1 2.8 14.8 
3. 1 15.5 25.3 
4. 1 3.6 7.9 
5. 1 2.3 3.5 

The mean weights were compared by t-tests (Tables 7—8). The difference 
was significant both between meadow and wheat, and between meadow and lu
cerne, but it failed to reach the significance level between the two monocul
tures. 

There were no beetles netted in wheat, so only the two other habitats 
could be compared. 

Sessions Meadow Wheat Lucerne 
1. 1 0 1.7 
2. 1 0 3.0 
3. 1 0 4.6 

The difference of meadow and lucerne was significant. 
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Table 7. 

Total mass of beetles and total mass of arthropods. 
The means are also shown for the two groups. 
1 = pitfall trap samples, 2 = sweep net samples 

Total Mean 
Taxon Habitat d r y d r y 

weight weight 
(g) x(g) 

Cole- Meadow 2,17 0,434 
opte- Wheat 8,90 1,780 

1. 1 3 

Arth-
Lucerne 18,67 3,734 1. 1 3 

Arth- Meadow 4,64 0,928 
ropo- Wheat 17,60 3,520 
da Lucerne 29,99 5,998 

2 C o l e " 
optera 

Meadow 1,32 0,440 2 C o l e " 
optera Lucerne 3,25 1,083 

Table 8. 

t-values for the beetles and arthropods. i = pitfall 
samples (, n = -5» t(),05 = 2,31), 2 = sweep net samples 

(n = 3, t0.05=2,78) 

Taxon Habitats „t" S Z D S % 

Cole Meadow-wheat 2,64 1,259 
opte Madow-lucerne 3,18 2,400 
ra 

I. 
Arth-

Wheat-lucerne 1,69 2,677 ra 
I. 

Arth- Meadow-wheat 3,09 1,936 
ropo- Meadow-lucerne 4,31 2,714 
da WheaHucerne 1,74 3,292 

2 C o l e " 
optera Meadow-lucerne 5,59 0,320 

The composition of samples was also compared. The number of species 
are shown below: 

Habitat No of species No of species 
in pitfall traps in sweep nets 

Meadow 18 9 
Wheat 20 0 
Lucerne 29 29 

Of course, a particular species may occur in various habitats, so the simi-
larity between the species composition could be expressed by the Jaccard's 
coefficient. The smaller the coefficient, the wider is the food spectrum of 
Bustard. The Jaccard's coefficients of pitfall traps are shown in Table 9. The 
results suggest that the species of wheat and lucerne is completely different 
from the species of meadow. The Jaccard's coefficient of meadow and lucerne 
field proved to be 11,8% based on sweep-netting. 
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Diversity of beetles was also calculated by the Shannon—Wiener function 
(Wilson Bossert 1981). The diversities of beetles are represented in Table 10. 
separately for the pitfall traps and for the sweep nets. The evenness (J) are also 
shown in Table 10, which may mean how much of the observed diversity could 
account for the theoretical maximum. The diversity values support our earlier 
findings. The highest diversity was found in lucerne, a medium one in wheat, 
while the lowest value was found for the meadow. Therefore, the diversity of 
monocultures was the highest. 

To summarize the discussion on beetles we could highlight, that the beet
les are more available in monocultures, than in meadow both from quantitative 
and qualitative viewpoints. 

Arthropods 
Pooling up the rare taxons i.e. Chilopoda, Orthoptera, Formicoidea, Lepi

doptera, Diptera, Apoidea plus the above detailed ones the relative weight ra
tio gives the following figures: 

Sessions Meadow Wheat Lucerne 
1. 1 3.7 4.9 
2. 1 1.8 8.0 
3. 1 7.7 10.0 
4. 1 4.1 7.7 
5. 1 2.4 3.5 

The monocultures were always more or less richer habitats than the mea
dow. From mid-May when the first chicks hatch (Faragó 1983) to early June 
the wheat field could supply 2.4—7.7 times more arthropods than the meadow, 
while the same figure for the lucerne field is 3.5—10. The differences between 
the meadow and wheat field, and between meadow and lucerne are significant 
(Tables 7—8), while the total weight of arthropods is not significantly different 
between the two monocultures. 

Table 10. 

Diversity (H$) and evenness (J) of beetles of various 
habitats. 1 = pitfall samples, 2 = sweep net samples 

Habitats H s J 

Meadow 
1. Wheat 

Luceme 

' 1,9393 
2,1068 
2,1433 

0,6709 
0,7033 
0,6365 

2 Meadow 
Luceme 

1,0609 
2,3390 

0,4828 
0,6946 

Table 9. 

Jaccard s coefflcients between beetles of various 
habitats 

Meadow Wheat Luceme Habitats 

100,0 26,7 
100,0 

17,5 
40,0 

100,0 

Meadow 
Wheat 
Luceme 
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The conclusion of the study is that the cultur ecosystems of the Great 
Hungárián Piain carry significantly more preys for the Bustard's chicks than the 
natural breeding habitat namely the mea'dow. The beetles have a crucial role in 
the ecosystems. 

The beetles are commoner in culture ecosystems than in alcaüne meadow, 
they are represented by more species and they have higher diversity. These 
facts may influence the habitat choice, and they may promote the habitat shift 
of the Bustard. 
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