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Abstract  Trap-nesting bees and wasps (Hymenoptera 
Aculeata) colonizing crop and fallow fields in an agricul- 
tural landscape were studied using 20 sown fields (pea, 
barley, rye, clover-grass mixtures, Phacelia tanacetifo- 
lia) and 20 fields with naturally developed vegetation (l- 
and 2-year old fields, both mown and unmown, and old 
meadows). Fourteen species of Apoidea, 4 of Sphecidae, 
1 of Eumenidae and 4 of parasitoids were reared from 
reed nests exposed in these 40 fields of 10 field-types. 
Fields with naturally developed vegetation had twice as 
many species as sown fields, due to the distribution pat- 
tern of the 14 bee species, whereas the 9 predatory spe- 
cies (wasps and parasitoids) showed a rather uniform 
distribution. None of the trap-nesting bees were found in 
Phacelia fields, despite contrasting expectations of bee- 
keepers. Old meadows showed a particularly high abun- 
dance and species richness, since only 10% of all traps 
were exposed, but 32% of all bee nests were sampled in 
old meadows, including 4 bee species that were not 
found elsewhere. Accordingly, species richness of fields 
with naturally developed vegetation showed a significant 
increase with age. Variability in Hymenoptera species 
numbers could be explained by corresponding differ- 
ences in plant species numbers. The alternative hypothe- 
sis that field size or field connectivity influenced species 
richness was not supported. Habitats with great floral di- 
versity appeared to offer better and richer food resources 
for the flower-visiting bees, whereas food availability ap- 
parently did not influence predatory wasps. The bees Os- 
mia caerulescens and Megachile versicolor that had col- 
onized early-successional fields took twice as long to 
provision cells as those that colonized late-successional 
meadows characterized by a greater plant species rich- 
ness. In contrast, the eumenid wasp Ancistrocerus gazel- 
la took a similar period of time to provision cells in both 
field types. In addition, bee and wasp species of plant- 
species-poor fields were on average significantly larger 

A. Gathmann. H.-J. Greiler. T. Tscharntke ( ~ )  
Fachgebiet Agrar~Skologie, Universit~t, 
Waldweg 26, 
D-37073 G6ttingen, Germany 

than those of plant-species-rich fields. Thus, body size 
appeared to be a good predictor of colonization ability. 
Management by cutting greatly increased plant species 
richness in early-successional set-aside fields and thus 
doubled species richness of bees. Cutting of early-suc- 
cessional habitats can be expected to benefit insects and 
plants in general, whereas older grassland should show 
the greatest insect diversity when both mown and un- 
mown parts are present. 
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Introduction 

Set-aside forms an integral part of the agricultural reform 
package of the European Community, and aims to reduce 
agricultural surplus production. Since 1988, set-aside has 
been supported financially by government subsidies, so 
that short-term (1 year) and long-term (up to 5 years) 
set-aside fields have become a feature of the countryside 
that affects everyone associated with them (Kaule 1991; 
Clarke 1992). Both the colonization ability of animals 
and habitat suitability shape communities of such early- 
successional fields (see Clarke 1992). The effects of set- 
aside on the abundance of wild bees have received par- 
ticular attention, since bees are of increasing importance 
for the pollination of both wild and cultivated plants in 
the agricultural landscape (e.g. Corbet 1987; Westrich 
1989; Kevan et al. 1990; Torchio 1990; Corbet et al. 
1991). 

In this paper, we report the effects of set-aside, or the 
abandonment of cereal fields, on colonization by trap- 
nesting bees and wasps (Hymenoptera Aculeata). We ex- 
pected a priori species richness to increase as vegetation 
develops naturally in formerly sown fields and as field 
age increases (see Anderson 1986; Brown and South- 
wood 1987; Southwood 1988). Nests made of reed inter- 
nodes were exposed in 40 fields, and we studied the 
composition of the community in relation to field type. 



In particular, we were interested in differences between 
fallow sown with clover-grass mixtures or with Phacel ia  
tanacetifolia, and fallow with naturally developed vege- 
tation. Mos t  farmers prefer sowing, because they expect 
this to suppress weeds. Further, we studied the impact  o f  
mowing  and field age on colonizat ion by trap-nesting 
bees and wasps. Set-aside fields with sown or naturally 
developed vegetat ion could be compared  both with crop 
fields (negative null hypothesis)  and with old meadows 
(positive null hypothesis).  

Trap-nest ing bees (Apoidea)  and wasps (Sphecidae,  
Eumenidae)  use holes o f  a suitable diameter and can eas- 
ily be observed and sampled using wood-bor ings ,  hol low 
reed or grass internodes etc. (Krombein  1967; Brechtel  
1986; Westrich 1989). The linear nest built by  the female 
consists o f  several cells provisioned with food for the 
larvae (nectar-pollen mixtures in the case o f  bees, insects 
or spiders in the case o f  wasps). After  the females have 
placed food and an egg in the first cell, they construct  a 
partition before starting the next cell, so that the brood 
chambers  are separated f rom each other. Finally, the fe- 
male seals the nest with a more  o1" less species-specific, 
thick closing plug. Parasitoids mainly belong to the Hy-  
menoptera;  females lay their eggs in the cells and the 
predacious larvae consume their host  and in mos t  species 
also the host ' s  food. 

Materials and methods 

Traps exposed within each of the 40 fields consisted of six 850 ml 
tins filled with reed internodes. Each tin contained about 180 reed 
internodes (Phragmites australis) that were about 13 cm long and 
basally closed by a node. Each of three 1.5-long wooden posts put 
in the central area of a field (20-30 m apart) were equipped at the 
top with two tins with the openings oriented to south east and 
south west. Accordingly, the sample from each field consisted of 
Hymenoptera nests made in 1080 (i.e. 180 x 6) exposed trap 
nests. The distribution of stem diameters is shown in fig. 1. The 
traps were set up in the fields during spring (17-18 April 1990) 
and sampled in autumn ( 3 4  October 1990), so the spring genera- 
tion of bivoltine species was not considered. In the laboratory, 
reed nests were opened and examined for parasitization and for 
partial species identification. The internal diameter of the inter- 
node (mm) and cell length (ram) were measured using vernier cal- 
lipers. After hibernation, adults emerged and could be fully identi- 
fied (see Brechtel 1986). The mean lengths of females were taken 
as a measure of body size. 

The crop and fallow fields were in the "Kraichgau", a region to 
the northeast of Karlsruhe, with a field size ranging from 2000 to 
7000m 2 All fields were studied in 1990; the set-aside fields had 
been cereal fields before. Table 1 shows the 10 field types studied 
(with 4 replicates of each, i.e. 40 fields altogether). The number of 
plant species, percent cover of Asteraceae, and percent cover of 
Poaceae in a 49 m 2 plot was based on a 3-fold mapping of the 
flora (in May, July and October 1990, supplemented with addi- 
tional data from 1991). Naturally developed set-aside fields were 
split in two types of vegetation management: (i) cutting in July 
(with the hay remaining on the fields) and (ii) uncut controls. Hab- 
itat connectivity was based on the calculation of the percentage of 
field margins adjoining neighbouring fields that were near-natural. 

Time for cell provision was measured on 4 early-successional 
fields (1-year old set-aside fields with naturally developed vegeta- 
tion) and on 4 late-successional fields (>30 years old meadows 
with fruit-trees). The nest of each female observed ( 75 specimens 
altogether) was marked with white correction fluid ("Tipp-Ex'), 
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Fig. 1 Frequency distribution of the internal diameter of reed in- 
ternodes used for trap-nesting (arithmetic means of 5 tins with 5 x 
180 internodes) 

Table 1 Sown and naturally developed field-types studied 

Field types Mean number of 
plant species/49 m 2 

Sown fields (1-year-old) 
1. Pea fields (Pisum sativum) 11.2 
2. Barley fields (Hordeum vufgare) 13 
3. Rye fields (Secale cereale) 9.3 
4. Phacelia set-aside fields 6.8 

( Phacelia tanacetifolia) b 
5. Clover-grass set-aside fields 17.6 

(mainly Trifolium repens and Lolium 
perenne, or Medicago sativa) ~' b 

Naturally developed fields 
6. One-year-old, unmown set-aside fields 33 
7. One-year-old, mown" set-aside fields 37.5 
8. Two-year-old, unmown set-aside fields 33.8 
9. Two-year-old, mown ~ set-aside fields 42.3 

10. Old meadows (>30 years) 50 
with several old fruit trees (apples, 
pears or cherries) ~ 

a Set-aside fields and meadows were mown once a year (end of 
June, beginning of July) with the hay remaining on the fields (set- 
aside) or carried off (meadows) 
b Sown during April and May 1990 

and the period between the female's departure and return with 
food (pollen-nectar mixtures or prey insects) was timed. Observa- 
tions were made on eight sunny days (from 19 June to 18 July) be- 
tween 1000 hours and 1600 hours. 

Analyses of variance and regression statistics were computed 
using "Statgraphics" software (STSC 1989; ANOVA with log- 
transformed values). Arithmetic means • standard deviations are 
given. 

Results 

Characteristics o f  the species 

Six tins with 6 x 180 reed internodes were exposed in 
each of  the 40 fields, but only 292 of  these 43 200 reed 
internodes were used by trap-nesting bees and wasps. 
Characteristic features o f  the species and distribution 
among  field types are shown in Table 2. Fourteen species 
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Table 2 Characteristic features of the bees (Apoidea), wasps (Sphecidae, Eumenidae) and parasitoids (Chrysididae, Gasteruptionidae, 
Eulophidae) reared from trap nests 

Species Number Number Body Mortality Cell Cell Endan- Field Food type 
of nests/ of males/ size (%) diameter lenght gered types b (plant pollen 
cells females (ram) (ram) (mm) species a or insect 

prey) 

Apoidea 
Anthidium lituratum 16/123 70/46 6.6 5.7 5.46 8.04 

(Panzer) 
ChelostomafuIiginosum 7/33 22/10 7.5 3 4.07 9.38 

(Panzer) 
Heriades crenulatus 10/48 23/9 7.0 33.3 4.75 8.46 

Nylander 
Heriades truncorum 22/130 74/35 7.1 16.1 3.91 8.54 

(Linnaeus) 
Hylaeus angustatus 6/23 12/5 5.0 26.1 2.95 6.97 

(Schenk) 
Hylaeus communis 1/7 4/1 6.0 28.6 3.8 6.8 

Nylander 
Hylaeus confusus 1/7 4/2 6.5 14.3 4.2 7.3 

Nylander 
Megachile alpicola 61/346 182/120 9.5 12.7 6.45 10.5 

Alfken 
Megachile versicolor 50/258 150/86 10.5 8.6 7.5 11.2 

Smith 
Osmia caerulescens 37/167 110/36 7.7 12.5 5.06 8.71 

(Linnaeus) 
Osmia gallarum 2/17 9/4 6.6 23.5 4 6.16 

Spinola 
Osimia leaiana (Kirby) 2/9 6/1 10.0 22.2 4.75 9.8 
Osmia rufa (Linnaeus) 11/52 48/0 11.0 7.7 5.93 10.8 
SteIispunctulatissima 1/1 1/0 - 

(Kirby) 

Spheeidae 
Nitela borealis 3/5 2/3 4.1 0 3.37 12.1 

Valkeila 
Psenuluspallipes 7/60 9/41 5.9 16.7 3.96 6.66 

(Panzer) 
Trypoxylonfigulus 19/71 39/13 11.0 26.8 3.98 12.91 

(Linnaeus) 
Trypoxylon medium 28/174 96/42 7.5 20.7 4.41 11.01 

De Beaumont 

Eumenidae 
Ancistrocerus gazella 19/66 52/8 9.5 9.1 4.8 10.8 

(Panzer) 

Chrysididae 
Chrysis cyanea 13/25 8/17 - 

(Linnaeus) 
Chrysis ignita 2/3 1/2 - 

(Linnaeus) 

Gasteruptionidae 
Gasteruption assectator 112 "~ 2/0 - 

(Linnaeus) 

Eulophidae 
Melittobia acasta 4/7 - - 
Walker 

2 3 7 9 10 Asteraceae 

9 10 Campanula sp. 

3 9 I0 Asteraceae 

9 10 Asteraceae 

7 10 >1 plant family 

5 >1 plant family 

10 >1 plant family 

4 1 2 3 5 6 >1 plant family 
7 8 9 1 0  

2 5 6 7 8 > 1 plant family 
9 10 

9 10 >1 plant family 

2 10 Fabaceae 

3 10 Asteraceae 
2 5 6 9 10 >1 plant family 
6 A. lituratum 

5 10 

5 9 1 0  

1 3 5 8  
910 

1 3 4 6 8  
9 10 

Aphidina 

Aphidina 

Araneida 

Araneida 

1 2 4 5 Lepidoptera 
6 7 9  

5 8 9 Trypoxylon sp. 

4 9 A. gazella 

5 H. communis 

8 9 Trypoxylon sp., 
A. gazella 

"Rote Liste" status catogory according to Schmidt (1981; 1984) (Sphecidae), Kunz (1989) (Chrysididae), Westrich (1989) (Apoidea), 
Schmidt and Schmidegger (1991) (Eumenidae) 
b See Table 1 

o f  Apo idea ,  4 o f  Sphec idae ,  1 o f  E u m e n i d a e  and 4 o f  
paras i to ids  were  reared.  

Al toge ther ,  13.2% of  the 1596 cel ls  were  e m p t y  due 
to the dea th  o f  la rvae  (Table 2: mor ta l i ty) ;  causes  of  this 
mor ta l i t y  were  p r e s u m a b l y  d i sease  and unsuccess fu l  at- 

tacks  o f  paras i to ids .  Successfu l  pa ras i t i sm was low (2%), 
a l though 4 species  were  involved.  The  d iamete r  o f  the 
nests used  was be tween  3.0 and 7.5 ram, and wel l  within 
the size classes  offered (see Fig.  1). 

On three occas ions  we obse rved  that nests  s tar ted by  
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Fig. 2A, B Distribution of species number and nest number 
among field types. Field type abbreviations: see Table 1 A Total 
number of bee and wasp species reared (based on n = 40 fields: F 
= 2.8, P = 0.02). Black blocks: predatory wasps and parasitoids, 
white blocks: bees. B Total number of nests (based on n = 40 
fields: F = 2.5, P = 0.03) 
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Fig. 3A, B Species number and mean body size of bees and was- 
ps in relation to the mean number of plant species/49m 2 per field 
type A Species number of bees and wasps: Ln y = 0.725 In x 
-0.388, F= 25.5, r= 0.873, n = 10, P< 0.001. 
B Body size (ram): 1/y = 0.00038 x + 0.099, F = 17.4, r = 0.828, 
n = 10, P = 0.003. 

one species were completed by another species: Ancis- 
trocerus gazella completed 1 nest started by Osmia tufa 
(from 11 O. rufa nests), Heriades truncorum completed 
1 nest started by Megachile alpicola (from 61 M. alpico- 
la nests), and H. truncorum completed 1 nest started by 
Trypoxylon species (from 47 Trypoxylon nests). 

Distribution among field types 

Field type was a factor explaining significant differences 
in both species richness and nest number (Fig. 2). In par- 
ticular, sown fields (crop fields, and fallow sown with 
clover-grass mixtures or with Phacelia; field types 1-5 
of Table 1) were colonized much less than the set-aside 
land with naturally developed vegetation (field types 
6-10): 4.6 + 2.1 compared with 7.9 + 2.3 species (F = 
6.8, n = 40, P = 0.01); 4.1 _+ 5.7 compared with 12.2 + 
10.6 nests (F = 8.9, n = 40, P = 0.005). Altogether, the 
20 sown fields had 9 trap-nesting species f rom 74 nests, 
and the 20 naturally developed fields had 18 species 
f rom 218 nests. 

These differences between field types were caused by 
the differential colonization success by the bees, but not 
by the distribution pattern of  the wasps and parasitoids, 
which showed a rather uniform distribution (Fig. 2a, see 
Table 2). Bee species had a greater coefficient of  varia- 

tion (CV = 0.8, n = 10 field types) than wasp species 
(CV = 0.4, n = 10). Sown fields were colonized only by 
4 out of  the 14 bee species (Anthidium Iituratum, Mega- 
chile aIpicola, M. versicolor and Osmia rufa). Phacelia 
fields attracted many honey bees, and bee-keepers claim 
that they are important for enhancement of  all bee spe- 
cies, but none of the trap-nesting bees nested here. Ten 
bee species colonized only naturally developed fields. In 
particular, old meadows showed a great abundance and 
species richness of  trap-nesting bees: they had only 10% 
of all traps, but 32% of all bee nests and 4 bee species 
that were not found elsewhere. Five endangered species 
were reared (with a "Rote Liste" status category, Table 
2) and they were all bees; three of  them nested mainly or 
completely in the old meadows. 

Causes of  the distribution patterns 

The large differences between sown fields and fields 
with naturally developed vegetation, in terms of species 
richness and nest number, corresponded with differences 
in floral species richness (plant species/49m2:11.7 + 
5.8 versus 39.0 + 9.2, F = 103, n = 40 P< 0.001). In step- 
wise multiple regression, plant species richness proved 
to be the best predictor of total species richness of  the 
trap-nesting Hymenoptera  explaining 76% of the vari- 
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Table 3 Time taken for cell provision (minutes) spent by two bee 
species (O. caerulescens, 34. versicolor) and one wasp species 
(A. gazella) in early-successional and late-successional habitats 
(1 year-old set-aside fields and old meadows). Arithmetic means 
_+ one standard deviation are given; differences in sample means; 
one-way analysis of variance) 

Early- L a t e -  Significance 
successional successional level 

Osmia 38.0+_8.0 15.0_+6.0 F=50.6 
caerulescens (n=6) (n=14) (P<0.001) 

Megachile 33.6+_22.0 14.5+4.1 F=58.3 
versicolor (n= 1 l) (n=8) (P=0.03) 
Ancistrocerus 20.3__+4.3 21 .9+3 .5  F=h52 
gazella (n=19) (n=17) (P=0.22) 

ance (Fig. 3a). Alternative field characteristics (cover of 
Asteraceae, cover of Poaceae, habitat connectivity, habi- 
tat size) were either not significantly correlated with spe- 
cies number or did not significantly contribute to the ex- 
planation. Age of the naturally developed fallow was 
positively correlated with species richness of bees and 
wasps, since species numbers, not only of plants but also 
of bees and wasps, increased with age (from 1 year to 2 
year old fallow up to the >30-year-old meadows: r S = 
0.477, n = 20, P = 0.03). 

These differences between fields were associated with 
the body size of bees and wasps. Mean body size of the 
Hymenoptera community that had successfully colo- 
nized the four fields of each field-type was negatively 
correlated with the number of plant species (Fig. 3b). 

A further analysis tested the significance of this pre- 
dictable correlation of body sizes with the richness of 
plant species. Bees colonizing plant species-poor fields 
can be expected (i) to need more time to provision cells 
and (ii) to be better colonizers of distant sources of pol- 
len and nectar. Cell provision took Megachile versicolor 
and Osmia caerulescens twice as long in early-succes- 
sional habitats (1 year old set-aside fields with, on aver- 
age, 35 plant species/49m 2) as in late-successional habi- 
tats (old meadows with, on average, 50 plant spe- 
cies/49m2). Ancistrocerus gazella, a eumenid wasp with 
a rather uniform distribution among field types, took a 
similar time to provision cells in both field types (Table 
3). Bees in old meadows needed only 15 min for cell 
provision instead of 35 min, and wasps in any field type 
took about 21 min to collect 1 caterpillar for a cell. 

Comparison of the numbers of bee and wasp species 
found in mown and unmown fallow having naturally de- 
veloped vegetation revealed no difference between mo- 
wn and unmown 1-year-old fallow. But in the case of the 
2-year-old fallow, mown fields had more than twice as 
many species as unmown fields (4.8 + 1.9 versus 1.8 + 
1.2, F = 7.0, n = 8, P= 0.04). The number of plant spe- 
cies nearly doubled when early-successional fallow was 
mown once at the beginning of July (Greiler and 
Tscharntke 1991; Greiler 1994), but the effects of cutting 
the vegetation of 1-year-old fields could not be expected 
to influence bee colonization during the same year. 

Discussion 

The results of this study show that set-aside fields with 
naturally developed vegetation had twice as many spe- 
cies of trap-nesting Hymenoptera as sown fields (crops 
and sown fallow). These differences between habitats 
were due to the differential colonizing ability of the 14 
bee species, whereas the 9 species of "wasps" (Spheci- 
dae, Eumenidae) and parasitoids showed a rather uni- 
form distribution (Gathmann and Tscharntke 1993). Var- 
iability in species number of these trap-nesting Hyme- 
noptera was associated with corresponding differences in 
plant species number. Habitats with high floral diversity 
appeared to offer better and richer food resources for the 
flower-visiting (i.e. phytophagous) bees, whereas coloni- 
zation by predatory wasps and parasitoids was apparent- 
ly not influenced. Alternative hypotheses that field size 
or field surroundings influenced species richness were 
not supported. Habitat quality in terms of plant species 
number was the only predictor of Hymenoptera species 
number, although fragmentation and isolation of habitats 
are generally well-known causes of species losses (e.g. 
Wilcove et al. 1986; Thomas et al. 1992). The trap- 
nesting bees and wasps of all of the 40 fields came from 
reservoir populations from outside. Alternative nesting 
places appeared to be without importance: the 2-year-old 
and unmown fallow could be expected to offer dead (but 
very nan:ow) grass stems for nesting, but they were colo- 
nized even less than the mown fields. Furthermore, dead 
parts of fruit-trees in the four old meadows provided on- 
ly very small bore-holes that could only be used by dif- 
ferent, smaller species (Jagsch et al., unpublished). Be- 
sides species-rich vegetation, age was expected to be 
mainly responsible for the great Hymenoptera diversity 
observed in these >30-years-old meadows (see Westrich 
1989): 10% of all traps sampled 32% of all bee nests, in- 
cluding 4 bee species that were not found elsewhere. 

Management by cutting of set-aside fields with natu- 
rally developed vegetation promoted species richness of 
both plants and bees. Establishment of plants appeared to 
be facilitated by the suppression of the dominant annu- 
als, particularly Alopecurus myosuroides (Greiler 1994). 
Destruction of these monoculture-like grasses reduced 
shading of the ground and allowed germination and es- 
tablishment of further herbs (see also Harper 1977; Maas 
1988). Cutting promoted species richness of bees and 
wasps only in the 2-year-old fields, since cutting of the 
1-year-old fields (at the beginning of July) was too late 
to influence bee colonization in the same year. Manage- 
ment of early-successional habitats by cutting can be ex- 
pected to benefit insects and plants in general (Greiler et 
al., unpublished; Greiler 1994). In contrast, cutting of 
older grassland favours mainly phytophagous insects, so 
that both long and short grass are important in maintain- 
ing species diversity (e.g. Morris and Rispin 1988). 

The causes of the good correlation between plant spe- 
cies numbers and the numbers of bee and wasp species 
were studied more thoroughly. Bees nesting in 1-year- 
old fallow took twice as long to provision cells with food 
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as bees nesting in old meadows (significant differences 
were found for Osmia caerulescens and Megachile versi- 
color), whereas the eumenid wasp Ancistrocerus gazella 
took a similar time in both field types. Further, mean 
body length of the trap-nesting species was closely cor- 
related with the mean species number of plants per field 
type. These results support the hypothesis (Westrich 
1989) that only plant-rich habitats offer sufficient and 
suitable pollen resources to make a bee-rich community 
possible. In addition, plant species-poor habitats were 
evidently colonized only by large species, thereby sup- 
porting general hypotheses on the positive correlation of 
dispersal ability and body size (see den Boer 1990 with 
respect to carabid beetles, Steffan-Dewenter and 
Tscharntke 1994 with respect to butterflies). Availability 
of suitable pollen can be expected to be a major force 
structuring bee communities, whereas the specific nature 
of nectar sources is of minor importance (Westrich 
1989). The results suggest that the reduced pollen quality 
and quantity in early-successional habitats shaped not 
only species number of the community, but favoured se- 
lectively large species. Large bees invade new habitats 
faster and can nest far from their forage source due to 
their greater dispersal ability. Species number of both 
bees and plants increased with the successional age of 
the habitat. Pollen and nectar availability should also in- 
crease with succession, since annuals offer less nectar 
than perennials and are visited less often by long-ton- 
gued bees (Parrish and Bazzazz 1979, Fussell and Corbet 
1992). But conservation strategies also have to consider 
the exceptions: the rare and endangered bee Andrena 
tscheki prefers pollen from small-sized annual Cruciferae 
like Capsella bursa-pastoris (Westrich 1989; K. Schmidt 
personal communication) and therefore may greatly ben- 
efit from early-successional set-aside fields. Bees and 
wasps nesting in sandy soils even prefer vegetation-free 
areas, shown by experiments with manually removed 
plant cover (Wesserling and Tscharntke 1994). 

Farmers often prefer sown fallows, because they are 
afraid of weeds when the vegetation is allowed to devel- 
op naturally (starting a secondary succession; see Brown 
and Southwood 1987). Furthermore, bee-keepers empha- 
size that fields sown with Phacelia tanacetifolia promote 
not only honeybees, but also solitary wild bees and na- 
ture conservation in general (e.g. Bauer and Engels 
1991). Despite such statements, Phacelia-fields proved 
to be species-poor habitats in which none of the nesting 
bees were found, presumably because these habitats (i) 
were dominated by a foreign plant species with a pre- 
sumably non-nutritious pollen resource for wild bees 
(equally, Phacelia plants were almost never attacked by 
phytophagous insects), (ii) had very few plant species 
(see Table 1), and (iii) flowered for only a short time (Ju- 
ne and July). Availability of large amounts of Phacelia 
nectar during June and July appeared to be attractive on- 
ly to the large and social Apidae (honeybees and bum- 
blebees), which range over several fields for forage 
sources. 

Accordingly, set-aside fields with naturally developed 
vegetation provide more species-rich communities than 
sown fields. In general, diversity increases with age of 
succession (Brown and Southwood 1987), but early-suc- 
cessional habitats harbour a few typical species. Further- 
more, mowing once a year leads to an increase in both 
plant and bee species richness. Consideration of the dif- 
ferential habitat use of bees, wasp.s and many other in- 
sect taxa (Greiler et al. 1992; Greiler 1994; Steffan-De- 
wenter and Tscharntke 1994; Greiler et al., unpublished) 
shows that only a mosaic of different habitats can gener- 
ally guarantee high species diversity in an agricultural 
landscape. 

Mortality due to unknown causes (diseases, parasiti- 
zation failures etc.) was low (maximum 33%, Table 2) 
and within the range (8-60%) found by other authors 
(Danks 1971; Tasei 197; Schneider 199; Westrich 1979). 
Similarly, the very low (2%) mortality caused by parasi- 
toids is not unusual. Westrich (1979) argues that parasi- 
told mortality may become much more important, when 
trap nests stay in a habitat for more than 1 year. 

Because of the relatively low mortality rate and the 
ease of construction, trap nests of this design are recom- 
mended as a means of augmenting the number of bees 
and wasps (see also Dorn and Weber 1988 who give in- 
formation on augmentation of the crop-pollinating Meg- 
achile rotundata). In the agricultural landscape, most 
habitats lack suitable nests, and this appears to be a ma- 
jor factor limiting bee abundance. In addition, experi- 
mental exposure of such trap nests also provides an op- 
portunity for experimental evaluation of habitat quality. 

Acknowledgements We thank J. Griese and B. Holz for plant 
mapping and the Ministry of Agriculture of Baden-Wtirttemberg 
for financial support. This paper greatly benefitted from the com- 
ments of Sarah A. Corbet and Bradford A. Hawkins. Thanks are 
also due to Ingolf Steffan-Dewenter and J6rg Wesserling for criti- 
cally reading an earlier draft of the manuscript. We are grateful to 
Konrad Schmidt, Stefan Vidal and Paul Westrich for help with 
species identification. 

References 

Anderson DJ (1986) Ecological succession. In: Kikkawa J, Ander- 
son DJ (eds) Community ecology. Blackwell, Oxford, pp 
269-285 

Bauer M, Engels W (1991) Bienenweide auf stillgelegten Acker- 
fl~chen. Allg Dtsch Imker Ztg 4:40~,3 

Brechtel FM (1986) Die Stechimmenfauna des Bienwaldes und 
seiner Rand..bereiche (S~idpfalz) unter besonderer Berticksichti- 
gung der Okologie kunstnestbewohnender Arten. Poltichia- 
Buch 9, Bad Dtirkheim, pp 1-282 

Brown VK, Southwood TRE (1987) Secondary succession: pat- 
terns and strategies. In: Gray AJ, Crawley MJ, Edwards DJ 
(eds) Colonization, succession and stability. Blaekwell, Ox- 
ford, pp 315-338 

Clarke W (1992) Set-aside. British Crop Protection Council Mon- 
ogr 50 

Corbet SA (1987) More bees make better crops. New Sci 115: 
40-43 

Corbet SA, Williams IH, Osborne JL (1991) Bees and the pollina- 
tion of crops and wild flowers in the European community. 
Bee World 72:47-59 



14 

Danks HV (1971) Nest mortality factors in stem-nesting aculeate 
Hymenoptera. J Anim Ecol 40:79-82 

Den Boer P (1990) The survival value of dispersal in terrestrial ar- 
thropods. Biol Conserv 54:175-192 

Dorn M, Weber D (1988) Die Luzerne-Blattschneiderbiene. Ziem- 
sen Wittenberg-Lutherstadt, pp 1-110 

Fussell M, Corbet SA (1992) Flower usage by bumble-bees: a ba- 
sis for forage plant management. J Appl Ecol 29:451-465 

Gathmann A, Tscharntke T (1993) Bienen und Wespen in Nisthil- 
fen auf einges~iten Fl~ichen und ..selbstbegrtinten Brachen (Hy- 
menoptera Aculeata). Verh Ges Okol 22:53-56 

Greiler H-J (1994) lnsektengesellschaften auf selbsthegrtinten und 
einges~ten Ackerbrachen Agrar6kologie. Paul Haupt, Bern (in 
press) 

Greiler H-J, Tscharntke T (1991) Artenreichtum yon Pflanzen und 
Grasinsekten auf gem~ihten und ungem~ihten Rotationsbra- 
chen. Verb Ges Okol 20:429-434 

Greiler H-J, Vidal S, Tscharntke T (1992) Abundance and species 
richness of Chalcidoidea (Hymenoptera) in fallows and culti- 
vated fields (malaise-trap samples). Proc 4th Eur Entomol 
Congr G6d6116 1991:289--302 

Harper JL (1977) Population biology of plants. Academic Press, 
London 

Kaule G (1991) Artenschutz in intensiv genutzter Agrarlandschaft. 
Universitfit Halle-Wittenberg Wiss Beitr 6:386-397 

Kevan PG, Clark, EA, Thomas VG (1990) Insect pollinators and 
sustainable agriculture. Am J Altern Agric 5:13-22 

Krombein KV (1967) Trap-nesting wasps and bees: life histories, 
nests and associates. Smithsonian Press, Washington, DC, pp 
1-570 

Kunz P (1989) Die Goldwespen Baden-Wfirttembergs. Doctoral 
thesis, Fakult/~t ftir Bio- und Geowissenschaften, Universit~it 
Karlsruhe 

Maas D (1988) Keimung und Etablierung yon Streuobstwiesen- 
pflanzen nach experimenteller Ansaat. Natur Landschaft 63: 
411-415 

Morris MG, Rispin WE (1988) A beetle fauna of oolithic lime- 
stone grassland, and the responses of species to conservation 
management by different cutting regimes. Biol Conserv 43: 
87-106 

Parrish JAD, Bazzazz FA (1979) Difference in pollination niche 
relationships in early and late successional plant communities. 
Ecology 60:597-610 

Schmidt K (1981) Materialien zur Aufstellung einer Roten Liste 
der Sphecidae (Grabwespen) Baden-Warttembergs IlI. Ver6ff 
Naturschutz Landschaftspflege Bad-Wfirtt 53/54:155-234 

Schmidt K (1984) Materialien zur Aufstellung einer Roten Liste 
der Sphecidae (Grabwespen) Baden-W~irttembergs IV. VerOff 
Naturschutz Landschaftspflege Bad-Wtirtt 57/58:219-304 

Schmidt K, Schmidegger C (1991) Faunistik und 0kologie der so- 
lit~en Faltenwespen (Eumenidae) Baden-Wgrttembergs. Ver- 
6ff Namrschutz Landschaftspflege Bad-W~rtt 66:495-541 

Schneider N (1991) Contribution ~ la connaissance des Arthro- 
podes rubicoles du Grand-Duch6 de Luxembourg. Bull Soc 
Nat luxemb 92:85-119 

Southwood TRE (1988) Tactics, strategies and templets. Oikos 52: 
1-18 

Steffan-Dewenter I, Tscharntke T (1994) Tagschmetterlinge als In- 
dikatoren ftir Ackerbrachen. Mitt Dtsch Ges Allg Angew En- 
tomol Jena 1993 (in press) 

STSC (1989) Statgraphics - Statistical Graphics System. Statisti- 
cal Graphics Corporation, Rockville, Md 

Tasei J (1973) Le comportement de nidification chez Osmia cor- 
nuta Latr. et Osmia rufa L. (Hymenoptera, Megachilidae). Ap- 
idologie 4:195-225 

Thomas CD, Thomas JA, Warren MS (1992) Distributions of oc- 
cupied and vacant butterfly habitats in fragmented landscapes. 
Oecologia 92:563-567 

Torchio PF (1990) Diversification of pollination strategies for US 
crops. Environ Entomol 19:1649-1656 

Wesserling J, Tschamtke T (t994) Habitatwahl yon bodennisten- 
den Wildbienen und Grabwespen - Pflegemagnahmen im Ex- 
periment. Mitt Dtsch Ges Allg Angew Entomol Jena 1993 (in 
press) 

Westrich P (1979) Faunistik und IDkologie der Hymenoptera acu- 
leata des Ttibinger Gebiets, vor allem des Spitzbergs, unter be- 
sonderer Berticksichtigung der in Holz und Pflanzenstengeln 
nistenden Arten. Doctoral thesis, Fakult~t ffir Biologie, Uni- 
versitfit Tfibingen 

Westrich P (1989) Die Wildbienen Baden-Wtirttembergs. Ulmer, 
Stuttgart 

Wilcove DS, McLellan CH, Dobson AP (1986) Habitat fragmenta- 
tion in the temperate zone. In: Soule ME (ed) Conservation bi- 
ology. Sinauer, Sunderland, Mass, pp 237-256 


