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THE PARASITIC HYMENOPTERA IN A BEECH FOREST 
ON LIMESTONE I: SPECIES COMPOSITION, SPECIES 

TURNOVER, ABUNDANCE AND BIOMASS 

ABSTRACT: Between 1980 and 1987 a beech forest (Fagus sylvatica) on limestone near 
Gottingen (FRG) was studied using ground-photo-eclectors. 720 species of Hymenoptera 
were detected. 669 of the species were parasitoids, 29 phytophagous Tenthredinidae, 
Cynipidae and Eurytomidae, 9 ants, 4 vespids and 9 nest-building sphecids, megachilids, 
andrenids and bumble bees. Even after 8 years of sampling a great number of species seems 
to remain undetected. Estimates of extinction and immigration rates indicate species turnover 
rates of at least 5 to 1 0%. The abundance of the parasitic Hymenoptera ranged between 123 
+ 23 ( 1981) and 1078 + 186 ( 1984) in d. m -2 a-1. The most important groups were the 

parasitoids of Diptera with 56± 15 (1981) to 936 + 164 (1984) ind. m-2 a-1. As judged by 
the sorting according to parasitoid guild, the parasitoids of gall-makers (23 + 9 to 880 + 163 

2 1 2 1 ind. m- a- ) and the egg-parasitoids (21 ± 17 to 102 ± 33 ind. m- a- ) reached the highest 

densities. The biomass of the parasitic wasps ranged between 19 + 5 ( 1981) and 170 + 92 
2 2 1 (1987) mg DW m- a-1 with a mean of 68 mg DW m- a- . I~ comparison with other 

important insect taxa this is a low value. 
KEY WORDS: Hymenoptera, faunal composition, parasitoids, beech forest, density, biomass, 
species turnover, local extinction, local immigration. 

1. INTRODUCTION 

The parasitic Hymenoptera are one position, abundances and biomass of the 
of the least known groups of insects in parasitoids. Thiede studied a spruce forest 
our European ecosystems. Only in the Soiling (FRG) and Hilpert analyzed 
T hied e (1975), U I rich (1987a, 1988) the parasitoid fauna of a mixed leaf forest 
and H i I pert ( 1989) provided compre near Freiburg (FRG). Other studies (for 
hensive quantitative data on species corn- example Abraham 1969, Konig 
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1969, Horstmann 1970, 1988, Jones 
1976a, b, Cop land and Askew 1977, 
A itch i son 1979, K us s m a u I and 
Schmidt 1987, Vidal 1988) only 
dealt with part of the Hymenoptera or were 
not quantitative. There are two causes for 
this limited knowledge: the great taxo
nomic difficulties and the high number of 
species to deal with. The Hymenoptera ac-

count for more than 1 /4 of the total Euro
pean insect fauna, in certain habitats for 
even more than half of it (U 1 r i c h 
1987a). 

This paper continues previous work 
of U I rich ( 1987a, b, 1988, 1989) and is 
the first in a series dealing with the para
sitic Hymenoptera in a beech forest on 
limestone. 

2. STUDY AREA AND METHODS 

2.1. STUDY SITE 

The studies were perfortned in a 
beech forest (Fagus sylvatica) on lime
stone near Gottingen (northern FRG). 
The study site is on a chalk plateau ap
prox. 420 m above sea level (cf. U I r i c h 
1988, Schaefer 1990). The trees are about 
120 to 140 years old, their crowns reach 
to a height of 30 m. Besides the dominat-
ing beech, elm ( Ulmus glabra), oak 
(Quercus robur), ash (Fraxinus excelsior) 
and maple (Acer pseudoplatanus and A. 
platanoides) occur. The vegetation can be 
classified as a Melico-Fagetum subasso
ciation Lathyrus vernus. The herb layer is 

well developed and consists mainly of 
spring geophytes (D i e r s c h k e and 
Song 1982, Egg er t 1985) that usually 
disappear in summer. Mercurialis peren

nis and Allium ursinunz dominate. Also 
abundant are Anemone nemorosa, A. 
ranunculoides, Asarum europeum, Arum 

macu/atum, Oxalis acetosella and Melica 

uniflora. A distinct shrub layer is absent. 
The soil is characterized by a patchy 

alternation of Terra fusca Rendzina (50% 
of the area), Rendzina (26%), and Terra 
fusca(14%)(Meiwes eta/. 1981). 

2.2. SAMPLING PROGRAM 

All quantitative data were obtained 
by using ground-photo-eclectors. U I -
rich ( 1988) gives a detailed account of 
the eclector program and discusses the 
limitations of the method. 

Sampling was done with round 
eclectors of 1 m2 sampling area and these 
were checked weekly or every 14 days. 
Picric acid was used as killing-liquid. In 

2 both 1981 and 1982 we used 12 one m 
eclectors which changed place every 6 or 
12 weeks. In 1983 to 1985 the traps 
( 4 traps with a sampling area of one m2 

(1983) and 5 eclectors with 0.25 m2 each 
(1984, 1985)) remained in the same place 

from spring to autumn and in 1986 and 
1987 the traps ( 4 eclectors with one m 
sampling area each) were removed during 
mid July when emergences have their 
summer minimum. Besides these eclec
tors, various others were placed on ex
perimental plots with a manipulated 
amount of leaf litter or predator density 
(U I rich 1988, Hove me ye r 1992). 

Two special habitats were included 
in the sampling program: areas around 
tree trunks and an old stump of a dead 
beech tree: In 1981 10 beech stems were 

enclosed by 4 x 4 m2-eclectors each with 
a total sampling area of 3.77 m2• They 



263 Parasitic Hymenopteria in a beech fores .... I 

were transferred to other places at the 
same interval as the other traps. In 1980 
one 1-m2-eclector was placed above an 
about I 0-year-old tree stump covered 

with a thick layer of mosses. H 5 v e
me ye r (1984) describes the dipterous 
fauna of this stump that was gathered in 
the same trap. 

2.3. COMPUTATION OF DENSITY AND BIOMASS 

To estimate abundance I added up all 
emergences of a species during one year 
and referred it to a number per square me
ter. Only animals that apparently or pre
sumably had emerged were included. 
Wasps that probably had overwintered or 
had left to look for places to hibernate 
were excluded. 

To estimate fluctuations of density, 
the quotient of highest and lowest density 
was used. In years in which a certain spe
cies was not represented in the catches, 
the reciprocal of the whole sampled area 
was considered to be the maximum den
sity. Due to the high number of zero 
counts, this method underestimates the 
real fluctuations for many species. Except 
for a few abundant species it is not possi
ble to estimate the real fluctuations of the 
species. Instead, the quotient gives a 
lower estimate of the real magnitude of 
density fluctuations. 

To calculate the dry weight (DW), the 
thorax of one specimen (female) of each 
species was measured. The thorax volume 
was calculated by the fonnula: 

V= length of(thorax + Propodeum) x max. 

height of thorax x width ofmesoscutum 
The possible statistical error, due to 

the measurement of only one specimen of 

every species, is very small if one com
pares the small biomass of each species 
with the total number of species. Usually 
females are slightly larger than males. 
But because of the fact that in almost all 
species many more females than males 
occur (U I r i c h 1998a) the resulting er
ror is very small. A regression equation 
was obtained by measuring specimens of 
84 wasp species of all size classes 
(Fig. 1 ). The specimens were dried for 

one week at 1 00 oc and weighed with a 
balance (precision I o-6 g). The equation 
of the regression is: 

3 DW (mg) =V (mm3) 0.52493 (mg/ mm ); 

r = 0.97; p < 0.001. 
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Fig. 1. Relationship between dry-weight (mg) 
and thorax volume (mm3) of the Hymenoptera 

of the Gottingen beech forest 

2.4. CLASSIFICATION OF THE PARASITOIDS INTO ECOLOGICAL GUILDS 

The specimens of wasps from all 
study years were identified and sorted ac
cording to species. The identification of 
the ichneumonids was kindly done by 
E. Diller, R. Hinz and K. Horstmann. The 
Diapriidae and Serphidae were compared 

w·ith the collection of H. Hilpert. The 
identification of all other species was 
done by the author. In each case a separa
tion according to species was made and, 
as a rule, an identification to generic level 
was undertaken. 
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The aim of every ecological study 
should be to work with ecologically 
meaningful groups. To do so, I sorted the 
parasitoid species not into families or 
other systematic groups but into ecologi
cal guilds. As an extension of the list in 
U I rich (1987a), the Hymenoptera were 
sorted into the following 1 0 guilds (the 
mentioned taxa represent the hosts of the 
parasitoids existing in the Gottingen 
beech forest): 

1. parasitoids of mining Diptera, 
Lepidoptera, and Coleoptera. 

2. parasitoids of gall inducing Ceci
domyiidae and Cynipidae. 

3. parasitoids of ectophytophagous 
Coleoptera, Lepidoptera, and Symphyta. 

4. parasitoids of sap sucking Rhyn
chota and Thysanoptera. 

5. parasitoids of predatory Miridae, 
Planipennia, Carabidae, and Staphylini
dae. 

6. parasitoids of saprophagous Cera
topogonidae and Brachycera. 

7. parasitoids of mycetophagous My
cetophilidae and Sciaridae. 

8. hyperparasitoids 
9. egg-parasitoids 
10. parasitoids of xylophagous Coleo

ptera 
The classification of the wasps into 

these 10 guilds was mostly done accord
ing to literature (compare U I rich 
1987a, 1988). Some species (especially 
some Oxytorinae and Gelinae, Aspilota 
spp., Kleidotoma psiloides and Basalys 
spp.) were reared out of saprophagous 
and mycetophagous Diptera. 536 out of 
669 parasitoid species could be classified 
into one of these guilds. 

3. RESULTS 

3.1. NUMBER OF SPECIES 

In total 43,695 specimens were col
lected with ground-photo-eclectors in the 
area under study. This material contained 
as many as 720 species of Hymenoptera. 
(Appendix and Tables 1 and 2). Among 

them are 669 parasitoid species (93 % ). 
This means that nearly 40% of the more 
than 1700 insect species of the Gottingen 
beech forest (S c h a e f e r 1996) are en
tomophagous wasps. 

3.2. THE NON-ENTOMOPHAGOUS HYMENOPTERA 

51 species of nonparasitic Hymeno
ptera are represented by Tenthredinidae 
(20 species), Cynipidae (8), Eurytomidae 
( 1 ), F onnicidae (9), Vespidae ( 4 ), Spheci
dae ( 1 ), Andrenidae (I), Megachilidae 
(1) and Apidae (6) (Table 1). All ofthese 
species only reach very low abundances 
(Table 1 ). Their total biomass is also be
low 1 mg DW m-2 a-1. The densities of 
the Bombus species, the ants and nest
building-species could not be estimated 
exactly, but all bumble-bees and the 

Dolichovespula species were common. 
Rhopalum clavipes, Osmia rufa and An

drena spec. were found only once. They 
surely not belong to the local fauna. 

9 species of ants were found, but only 
one nest of Lasius flavus occurred in the 
study-area. Of Lasius niger also workers 
were found in the traps, but no nest could be 
detected. All other species are repre
sented only by immigrating males and fe
males. 



Table 1. The nonparasitic Hymenoptera in the Gottingen beech forest 1981 to 1987. Densities: ind. m-2 a-1 

Farniliy 

Andrenidae 
Apidae 
Apidae 
Apidae 
Apidae 
Apidae 
Apidae 
Cynipidae 
Cynipidae 
Cynipidae 
Cynipidae 
Cynipidae 
Cynipidae 
CJ'll:ipidae 

j 

Cynipidae 
Eurytomidae 
Formicidae 
Formicidae 
Formicidae 
Formicidae 
Formicidae 
Formicidae 
Formicidae 
Formicidae 
Formicidae 
Mesachilidae 

Species 

;.1ndrena GW1 

Bon1bus hortorzan 
Bombus lucorunz 
Bornbus pascuorun1 
Bornbus pratonun 
Bornbus soeroeensis 
Bonzbus terrestris 
Cynipidae GW1 
)(estophanes GW1 

Neuroten1s aprilinus 
Andricus ostreus 
Andricus curvator 
Andricus GW2 
Andricus GW1 
Neuroterus quercusbaccanan 
Tetrarnesa longula 
Mynnica ruginodis 
Hypoponera punctatissinza 
Lasius flavus 
Lasius rnixtus 
Lasius niger 
Lasius unzbratus 
Leptothorax nylanderi 
Mynnica lobicomis 
Mynnica rubra 
Osrnia ruL.a 

Mean 

densities 

1981-1987 
-

< 1 
< 1 
< 1 
< 1 
< 1 
<1 
< 1 

1 
< 1 
-

-
-
-

Familiy 

Sphecidae 
T enthredinidae 
Tenthredinidae 
T enthredinidae 
Tenthredinidae 
T enthredinidae 
Tenthredinidae 
Tenthredinidae 
Tenthredinidae 
Tenthredinidae 
Tenthredinidae 
T enthredinidae 
T enthredinidae 
Tenthredinidae 
Tenthredinidae 
Tenthredinidae 
T enthredinidae 
Tenthredinidae 
T enthredinidae 
T enthredinidae 
Tenthredinidae 
Vespidae 
Vespidae 
Vespidae 
Vespidae 

Species 

Rhopalurn clavipes 

Profenusa GW1 
Tenthredopsis nassata 
Tenthredopsis litterata 
Tenthredopsis annuligera 
Tenthredo livida 
Tenthredo ferruginea 
Tenthredo bipunctula 
Sterictophora GW1 
Pseudodineura parvula 
Phymatocera aterrima 

Pachyprotasis rapae 
Nematus fagi 
Nematus GWI 
Monophadnus pallescens 
Mesoneura opaca 
Hoplocarnpa rninuta 
Dolerus GWl 
Blennocwnpinae GW1 
Aglaostigma aucupariae 
Selandria serva 
Paravespula vulgaris 
Dolichovespula saxonica 
Dolichovespula sylvestris 
Paravespula rufa 

Mean 
densities 

1981-1987 

< 1 
< 1 
< 1 
< 1 
< 1 
< 1 
< 1 
< 1 
< 1 

1 
< 1 
<1 
<1 
< 1 
< 1 
< 1 
< 1 
<1 
< 1 
< 1 
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Table 2. Densities (ind. m-2 a-1
) of abundant parasitoid species in the Gottingen beech forest 1981 to 1987 

S~ecies Year 
1981 1982 1983 1984 1985 1986 1987 

Acoelius erythronotus 1 ± 1 2±1 1 ± 1 2±4 2±3 5±1 < 1 
• Anacharis eucharioides ' 2±1 3±2 1 ± 1 < 1 <1 3±2 2±1 

Aphelopus melaleucus 3±1 5±2 4±3 15 ± 8 1 ± 2 2±2 1 ± 1 
Aspilota spec. 2 4±- 4±2 7±3 < 1 1 ± 2 27 ± 11 18± 9 
Basa/ys pedisequa 2±1 <1 1 ± 1 38± 19 10 ± 6 9±4 4±3 
Charitopes gastricus 2±1 7±2 3±2 1±2 - 20±4 6±2 
Chrysocharis prodice 6±2 5±2 1 ± 1 1±2 3±4 9±3 1 ± 1 
Cleruchus spec. 2±2 13 ± 8 1 ± 1 9± 24 18 ± 17 50±29 10± 6 
Eretmocerus mundus - 4±2 99 ±43 9±5 < 1 <1 -

~ Eustochus atripennis 3±3 4±3 5±6 36 ± 71 1 ± 2 9±7 2±2 .., ~ 
Exallonyx quadriceps 1 ± 1 2±1 < 1 - <1 5±2 2±1 :::s 

.., ~ 
Exallonyx subserratus < 1 < 1 1 ± 1 - 1±2 1 ± 1 <1 c:: -Gastrancistrus walkeri 2±3 8±7 7±7 39 ± 19 <1 7±5 26± 7 

.., -· (') 
::r 

G/auraspidia microptera 4±2 5±2 4±3 5±2 2±3 3±3 1 ± 1 
lsmarus dorsiger < 1 - 5±3 5±5 2±2 <1 <1 
Lagynodes pallidus 1 ± 1 1 ± 1 - 2±4 7±4 1 ± 1 1 ± 1 
Litus cynipseus 6±9 40± 14 2±2 18± 36 <1 22 ± 10 24±28 
Mesopolobus spec. 1 - - - 6±4 64± 21 3±2 < 1 
Phygadeuon ursini 1 ± 1 2±1 12 ± 4 <1 - 5±2 72 ± 77 
Synopeas spec. 1 1 ± 1 1 ± 1 47±38 658 ± 149 77± 28 - <1 
Tetrastichus brachycerus 7±3 25 ± 11 17 ± 10 83± 57 <1 6±5 59 ±24 
Tetrastichus fageti 5±2 3±1 3±1 12 ± 9 10 ± 6 3±2 1 ± 1 
T etrastichus lute us < 1 < 1 2±2 19 ± 13 12 ± 7 8±3 1 ± 1 
Trichogramma embryophagum < 1 8±4 < 1 < 1 - 4±5 < 1 
Trichopria aequata 1 ± 1 1 ± 1 6±4 1 ± 2 < 1 1 ± 1 1 ± 1 
Trichoe_ria evanescens < 1 < 1 1±2 - - 9±7 <1 



Table 3. Estimation of the propability of local extinction estimated from data on density fluctuations and collector's curves. 
Control areas: Surface sampled that served as a control for ditierent experiments 

Expected No. of 
No. of Expected Expected Expected Expected No. of species with Expected species with 

. . No. of species with density ~ spectes tn No. of No. of No. of minimal densities below 0. 0 1 and No. of mean densities ~ ..., Parasitoids of fluctuations > I 0-told and . . . • . . 2 . . ~ control spectes 1n spectes tn spectes tn 0 .003 ind. m· a· 1 and percentage of spectes tn between 0. 0 1 and en 
2 ~ > 1 00-fold and % of control areas -· 2 areas lm 30m 2 100 m species in 100m2 200m 2 0 .005 ("') -· 

-2 -1 :t ind. m a ~ 

3 < 0.01 < 0.003 ~ 
> 10 > lOO ~ . d -2 -1 . d -2 -1 0 tn . m a tn . m a "'0 

No. % No. % No. % No. % ..., 
~ 

-· 
~ 

Miners 44 9 20% 0 0% I 32 43 2 5.2% 0 0 .0% 50 7 -· ~ ~ 
Gall-makers 52 16 31% 4 8% 12 38 58 8 14.1% 2 2.7% 74 16 ~ 

r:::r Ektophytophages 64 2 3% 1 2% 7 43 82 2 2.2% 1 0.7% 119 37 ~ 
~ 
("') Sap-suckers 24 7 29% 2 8% 6 17 24 3 12.3% 1 2.4% 30 6 ::r 

Saprophages 41 10 24% 1 2% 9 31 49 5 10.1% 1 2.0% 64 15 ~ ..., 
Mycetophages 38 1 3% 0 0% 1 1 29 72 1 1.6% 0 0 .0% 132 60 en ~ 

• . . Predators 27 10 37% 0 0% 6 26 33 3 7.9% 0 0.0% 38 5 
Eggs 29 8 28% 1 3% 7 21 31 3 10.5% 1 3.2% 39 8 

• -
Parasitoids 20 1 5% 0 2% 2 15 34 1 3 .6% 0 1.1% 53 19 
Xylophages 1 0 0% 0 0% -
Guild unknown 82 13 16% 1 1% 10 55 99 8 7.6% 1 0.7% 138 39 
All Earasitoids 422 78 18% 9 2% 71 311 525 45 8.5% 5 1.1 0/o 709 184 



W ern er U lri eh 268 

3.3. THE PARASITIC HYMENOPTERA 

Table 4 shows a classification of the 
parasitoids into their kind of host. It ap
pears that the parasitoids of Diptera are 
by far the largest group (262 species). 
Species rich are also the parasitoids of 
Lepidoptera (1 03 species) and Coleoptera 
(60 species). All other Arthropod taxa har
bor minor numbers of parasitoid-species. 

A classification by host-guild reveals 
that the parasitoids of ectophytophagous 
hosts are the most numerous group (Table 
5). It contains 108 detected species. The 
next species-rich guilds are the parasi
toids of mycetophagous Diptera (82 spe
cies) and saprophagous Diptera and 
Coleoptera (63 species). Species rich are 
also the parasitoids of predators ( 41 spe
cies) and the egg-parasitoids ( 45 species). 

Parasitoids of sap sucking insects are rep
resented by 33 species only. 

Despite the large number of collected 
species, the entire number of Hymenop
tera is still unknown. In each of the 8 
years in which collections with eclectors 
were made, I found many "new" species. 
Even in the last of the 8 years, I found 72 
species previously unrecognized. So, fur
ther investigation will surly extend my 
species list. 

There are three different methods to 
compute the species numbers from the 
given data set (for a review of other meth
ods cf. B u n g e and K i r k p at r i c k 
(1993) and So I o w (1994)). A combina
tion of these computations also allows 
rates of immigration and extinction to be 
assessed. 

3.4. ANNUAL NUMBER OF SPECIES 

One possible way of assessing the to eclectors: this number is equal to the total 
tal number of species (S) is to compute area under the curve from 0.5 to oo 

collector's curves (Pie I o u 1977, U I - S = J f(x)dx =(I 05.66 0.5-0·0953) I 0.0953 
r i c h 1988). The function S = f(sampled Smax = 1184 species I year 
area) should asymptotically approximate This is the maximum number of spe
the total number if such a maximum ex cies possible. But it is, of course, too high 

ists. because of the unrealistic assumption that 

For the year 1981 it was possible to species might have an infinitely low 

compute the total number of species that abundance. A more realistic assumption 

occurred in that year in the part of forest is that each species has a lower density 

under study (Fig. 2). Ten ground-tree I imit beyond which it cannot sustain its 

photo-eclectors were placed which sam population. This results in a lower annual 
2 pled an area of 37.7 m . A plot of the number of species: 

. 
newly found species S as a function of mtn 

L f(x) 
the number of eclectors N shows that 0.5 
such a plot can readily be described by If one takes 1 individual I 100 m as a 
the function: lower limit (1 00 individuals I ha) a total 

- S = 105.66 N-1.0953 ; R2 = 0.98; r = 0.99; of 376 species per year results. For 1 ind. 
p < 0.001. I 200 m2 the total species number is 427 

From this equation one can compute per year (Table 4). 289 species were actu
the maximal number of species that could ally found with the ground-photo-eclec
be found in that year with ground-photo- tors and it seems realistic that no more 



2 1 2 1 Table 4. Abundance (ind m- a- ) and biomass (mgDW m- a- ) of the parasitic Hymenoptera of different host taxa 

in the Gottingen beech forest 1981 to 1987 

No. of 
Parasitoids of . 198I 1982 1983 1984 1985 1986 1987 ., s ectes 

.., ~ 
ind./m2 mg/m2 ind./m2 mg/m2 ind./m2 mg/m2 ind./m2 mg/m2 ind./m2 mg/m2 ind./m 2 mglm- ind./m2 mg/m 2 

Vl 
~ Arachnida 3 1 ± I < 1 

~ 

-· 1 ± I < 1 2 ± 2 < 1 2 ±3 1 ± 1 2 ± 3 < 1 2 ± 2 1 ± 1 2 ± I < I (") -· 
Psocoptera 1 < 1 < 1 2 ± 2 < 1 7 ± 4 < 1 < I < 1 < 1 < 1 < I < 1 < I < I ::r: 
Thysanoptera 2 1 ± 2 < 1 < 1 < 1 < 1 < 1 < 1 < I < I < 1 6±6 < 1 3±3 < I 

'< 
3 
("D 

Heteroptera 3 3 ± 2 1 ± 1 1 ± 1 < 1 3 ± 2 1 ± 1 7 ± 6 1 ± 1 4 ± 2 I ± I 1 ± 1 < 1 1 ± 1 < 1 ::s 
0 

Cicadina 14 9 ± 4 1 ± 1 20 ± 7 1 ± 1 9±3 1 ± 1 18 ± 8 3 ± 1 1 ± 2 < 1 4 ± 3 < 1 3 ± 2 < 1 "0 
("D 

Aphidina 16 2 ± I < I 2 ± l < 1 2 ± 2 < 1 2 ± 4 < 1 < 1 < 1 3 ± 2 < l 30 ± 18 1 ± 1 
..., 
~ 

-· 
Coccina 5 < I < 1 < ] < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 < I < 1 < 1 -· ~ 

::s 
~ Aleyrodina 3 < I < 1 4 ± 2 < 1 100 ± 43 1 ± 1 1 ± 2 < 1 < 1 < I < 1 < 1 < 1 < 1 c-

Psyllina 1 < 1 < 1 ("D < 1 < I < 1 < 1 < 1 < 1 < 1 < 1 < 1 < 1 1 ± 1 < 1 ("D 

Planipennia 1 1 4 ±2 1 ± 1 13 ± 4 4 ± 1 4 ± 3 1 ± 1 1 ± 2 < 1 < 1 < 1 26 ± 6 7 ± 2 8 ± 3 2 ± 1 :r 
(") 

Coleoptera 60 25 :1. I7 . 3 ± 1 65 ± 23 5 ± 2 14 ± 7 2 ± 1 58 ± 80 1 ± 1 8 ± 7 1 ± 1 56 ± 15 5 ±2 45 ± 28 4 ± 2 ..., 0> 
Vl Symphyta 14 < I 1 ± 2 1 ± I 1 ± 2 < 1 1 ± 1 < 1 I ± 1 < I < 1 < 1 < I < 1 < 1 • . 
("D 

• 

. Apocrita 46 2 ± 1 < 1 6±3 1 ± 1 9±3 1 ± I 5 ± 5 1 ± 1 3±3 1 ± 1 5±3 1 ± 1 3 ± 2 < 1 -Diptera 262 56 ± 15 6±2 121 ± 40 11 ± 4 137 ± 41 24 ± 5 936 ± 164 33 ± 7 186 ± 38 14 ± 4 195 ± 24 39 ± 7 261 ± 83 113 ± 91 
Lepidoptera 103 14 ± 4 6 ± 4 37 ± 9 11 ± 6 12 ± 4 17 ± 10 6±5 8 ± 14 42 ± 14 31 ± 29 36 ± 7 34 ± 11 32 ± 35 42 ± 14 
Host unknown 125 7 ±3 < 1 30 ± 13 1 ± 1 2I ± 5 2 ± I 42 ± 32 I ± 1 105 ± 28 4 ± 2 96 ± 30 11 ± 7 29 ± 7 7 ± 5 
Sum 669 123 ± 23 19 ± 5 30I ± 49 36 ± 8 319 ± 61 52 ± 11 1078 ± 186 49 ± 16 351 ± 50 53 ± 29 428 ± 42 98 ± 15 418 ± 97 170 ± 92 

' 
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Table 5. Abundance (ind m- a- ) and biomass (mgDW m- a- ) of the parasitic Hymenoptera of different host guilds 

in the Gottingen beech forest 1981 to 1987 

No. of 1986 1987 Parasitoids of . 1981 1982 1983 1984 1985 
s ectes 

2 2 2 
2 2 2 2 2 2 2 

ind./m2 ind./m2 ind./m2 ind./m m~m ind./m2 m~m ind./m m~m ind./m m~m m~m m~m m~m 
3 ± 2 31 ± 6 8 ± 3 78 ± 77 85 ± 91 Miners 55 14 ± 4 3 ± 2 23 ± 5 4 ± 2 22 ± 5 15 ± 5 4 ± 5 <1 36 ± 13 ~ 

~ 13 ± 4 72 ± 12 12 ± 3 121 ± 26 5 ± 1 Gall-makers 68 23 ± 9 1 ± l 95 ± 39 4 ± 1 86 ± 40 3 ± 1 880 ± 163 29 ± 7 167 ± 37 3 
7 ± 5 29 ± 29 11 ± 3 32 ± 11 32 ± 35 43 ± 14 ..., ~ Ectophytophages 108 6 ± 3 7 ± 4 7 ± 3 11 ± 7 8 ± 3 18 ± 10 3 ±3 8 ± 14 

c: Sap-suckers 33 9 ± 3 1 ± 1 15 ± 5 I ± 1 110 ± 43 3 ± 1 21 ± 9 3 ± 1 1 ± 2 <1 12 ± 6 1 ± 1 37 ± 19 2 ± 1 -..., 
1 ± 1 15 ± 5 5 ± 4 12 ± 4 4 ± 2 (") -· Mycetophages 82 4 ± 3 1 ± 1 7 ± 3 4 ± 3 3 ± 2 2 ± 2 2 ± 4 <1 4 ± 3 :::r 

Saprophages 63 24 ± 11 2 ± 1 16 ± 10 1 ± 1 30 ± 9 3 ± 1 50 ± 20 2 ± 1 18 ± 9 1 ± 1 87 ± 19 5 ± 1 43 ± 15 3 ± 1 

6 ± 3 1 ± 1 44 ± 8 18 ± 4 19 ± 5 15 ± 6 Predators 41 10 ± 3 3 ± 1 22 ± 6 8 ± 2 13 ± 4 4 ± 2 10 ± 7 2 ± 1 
1 ± 1 Eggs 45 21 ± 17 <1 94 ± 27 1 ± 1 17 ± 8 <1 65 ± 84 1 ± 1 24 ± 18 <1 102 ± 33 1 ± 1 49 ± 29 

2 ± 1 <1 3 ± 3 1 ± 1 5 ± 2 1 ± 1 Parasitoids 37 2 ± 2 <1 6 ± 3 1 ± 1 8 ± 3 1 ± I 5 ± 5 <1 
<1 <1 Xylophages 4 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

3 ± 2 86 ± 23 4 ± 2 51± 9 15 ± 7 27 ± 5 13 ± 5 Guild unknown 133 8 ± 3 1 ± 1 16 ± 5 1 ± 1 21 ± 5 3 ± I 38 ± 22 

Sum 669 123 ± 23 19 ± 5 301 ± 49 36 ± 8 319 ± 61 52 ± 11 1078 ± 186 49 ± 16 351 ± 50 53± 29 428 ± 42 98 ± 15 418 ± 97 170 ± 92 
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Fig. 2. Number of species found 
with 10 ground-photo-eclectors 
placed around beech trunks. Each 
eclector sampled an area of 3.77 m2. 
Smax: Maximal ntunber of species I 
year 

than 500 species occurred in the part of In other years there might be slightly dif
the forest under study. It should be men ferent results. 
tioned that this are the numbers in 1981. 

3.5. SPECIES POOL 

A second method is to compute col
lector's curves that span over the total 
time of sampling, that means over 7 years 
(1981-1987). 

Fig. 3 shows such colJector's curves 
for each of the parasitoid guilds on the 
basis of 7 years and a total of 89 m2 of 
sampled area. A problem of computing 
such curves is that the annual variation 
and inherent trends in species numbers 
per year can greatly affect the resulting 
curves. That means it is not possible to 
start in one year and add sequentially the 
following years. The data points given in
stead reflect all possible independent 
combinations of each given sample-area. 
In this way one can overcome the annual 
variances and obtain mean values. The 
data points are, of course, not inde
pendent of each other. Therefore, the re
sults should be interpreted with caution. 
Especially it is not possible to infer a spe
cies-area-relationship (Pie I o u 1977). 
But it is possible to infer species numbers 
in a limited range of area. It is also possi
ble to compare the curves of different 
guilds. 

Fig. 3 shows also the functions that 
fit the data. Most of the resulting func
tions are power functions of the type y = 
a xb. In the parasitoids of predators and 
miners log-functions occur and the col
lector curve of the parasitoids of myceto
phages can be described by a linear 
relationship. 

None of the curves allows the com
putation of the maximum species-num
ber. Double-log transfounations did not 
result in curves that reached a maximum 
(data not shown). It is only possible to 
compute the number of species in a given 
area. Of course, the number of species in 
the Gottingen forest is not unlimited. But 
the limited area of sampling does not al
low a function to be computed that re
flects the real distribution and the 
processes of immigration and local ex
tinction. The functions also don't have a 
similar slope as had been reported for 
many species-area-relationships (P re -
s ton 1962 inferred a slope around 0.3 
for island communities, G a s to n et al. 
1996 used a slope of 0.25 to compute spe
cies numbers of Hymenoptera in Costa 
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Rica). Instead most of my slopes range in 
the order of 0.3 to 0.5. The function for 

4342 all parasitoids is s = 71.039 x0· . 

The next possible way of assessing 
the number of species is to compute 
curves that show the number of "new" 
species found in each of the years sam
pled. Fig. 4 gives plots of the number of 
species found per year and the number of 
species found per year per m2 of sampled 

450 
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"C 
c: 350 :::l 
0 ,.._ 

300 0 

·-Q) 

(.) ~ 250 
Q) cu 
C.Q) 
0 < > 200 -..... 
0 
~ 150 
C1) 
.0 
E 100 
:J 
z 50 

the traps were removed every 4 or 6 
weeks, in 1983 to 1985 they remained in 
place and in 1986 and 1987 they were re
moved once in mid-July. So the drop in 
the number of newly found species in 
1983 to 1985 probably is the result of the 
small area sampled. 

3. The number of species found per 
year per m2 rises towards the last years of 
sampling. (Fig. 4). 
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Fig. 4. Numbers of parasitic Hymenoptera found in the Gottingen beech forest 1981 to 1987. 
The expected number of species was calculated with the collectors curve of the total number 
of species (Fig. 3) and the area sampled in a given year. •: Nwnber of species found per year; 

•: Nwnber of species found I expected number. 

area. Fig. 5 gives a plot of the number of 
newly found species per year regardless 
of the different areas sampled in each 

• 

year and a plot of the species nu'mbers di-
vided through the sampling area. Both 
functions converge to zero, but due to the 

I 

limited number of years the variance-ex-
planations are not significant at the 0.05 
%level. 

From Figs 4 and 5 several conclu
sions can be drawn: 

1. In the first year of sampling ( 1981) 
about half of all species were detected. A 
detailed analysis showed that this trend 
holds for most of the parasitoid guilds. 

2. The curves in part reflect the dif
ferent sampling methods: 1981 and 1982 

4. There are "good" and "bad" years 
for collecting Hymenoptera. Good years 
were 1981 - despite the very low total 
densities- and especiaJly 1986. In the lat
ter year in most of the guilds a lot of spe
cies were found to be new. 

5. Several authors reported a correla
tion between species numbers and abun
dance (see Gas ton 1996 for a review). 
Fig. 6 shows that such a trend also holds 
in the Gottingen forest if one only com

pares density and species numbers. But 
one has to take into account that species 
numbers are an intrinsic function of the 
area on which the density had been esti
mated and which are given by the collec
tors curves. 
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3.6. DENSITY FLUCTUATIONS AND PROBABaiTY 
OF LOCAL EXTINCTION 

The computation of collector's curves, cf. Fig. 3) with mean densities be
curves allows a rough assessment of the tween 1 and 0.01 ind. m-2 a- 1. The mini

probability of extinction. For this purpose ma) abundances of these species are: 

Table 3 contains data about the density 
Xmin = Xmean I f·S fluctuations of the parasitoid populations 

(column 3 to 6 of Table 3). It should be with f: factor of the density fluctuation of 
mentioned that these estimations are of the population. In Table 3 I used a lower 

2 1 course biased because they underestimate density-limit of 0.01 in d. m- a- . My 
the real fluctuations in low density spe data give no hint that at densities below 

2 cies. The following assessment gives 0.02 ind. m- a-1 such a density-limit is 
therefore only lower limits of fluctuations reached. Analyses of the samplings in 
and hence lower limits of local extinction 1981 (49 m2 sampling-area) revealed no 
rates. Column 7 to 9 of Table 3 list the es gap between high and low density species 
timated number of species (computed or irregularities in the species distribu
with the equations of the collector's tion. But if one chooses even lower limits 



- -

276 Wemer Ulrich 

(say 1 ind. I 300 m2) the percentages of 
species that reach very low densities due 
to density-fluctuations will be in the same 
order. 

Given that these species with very 
low abundances have - on average - the 
same density fluctuations as the whole set 
of species (column 4 and 6 of Table 3), 
one can compute the number of species, 
and the percentage of the entire commu
nity, that may reach very low densities. 
The columns I 0 to 13 show such numbers 
and percentages for minimal densities 
(Xmin of 0.01 and 0.003 in d. m-2 a-1 ). The 
values were computed from the above 
equation with mean densities of 1 ind./ 
m2 to I in d. I 100 m2, and factors of den
sity fluctuations of 10 and 100. Due to the 
fact that, for the computations in Table 3, 
I used upper values for the mean abun

2 dances (0.3 ind. m- a-1) but lower ones 
for the population fluctuations (cf. part 2, 
sampling program), the apparent numbers 
of species reaching such low densities are 
very probably higher. 

It appears that especially in the 
parasitoids of sap-sucking, saprophagous, 
gall inducing insects, and in egg-parasi
toids many species might have reached 
local population densities below 0.01 in d. 

2 m· a·1 (I 00 in d. I ha). In these guilds 
even more than 2% might have had densi
ties below I indl 300 m. In total 8.5% of 
all species might have reached densities 
below 1 in d./ 100 m2 and 1.1% densities 
even below I in d./ 3 00 m2. This fits to the 
fact that 38.5% of the species could be 
detected in only one of the study years. 
Among the more frequent species, Eret
mocerus mundus, Synopeas spec. 1, 
Basalys pedisequa, Tetrastichus brachy
cerus and Litus cynipseus had very high 
density fluctuations (Table 2). Table 3 
also gives the number of species expected 
at densities between 0.01 and 0.005 ind. 

2 m· a· 1• 184 species are expected to be 
found by sampling between 100 and 200 
m2 area. These species are probably not 
pennanent residents but colonizers. 

Very low densities affect mostly the 
finding of the sexes in obligatory arrhe
notokous species. Perhaps most species 
have a certain lower limit beyond which 
the reproduction rate is too small to main
tain the population. Such low density spe
cies run a high risk of becoming extinct 
(cf. Krebs 1985, Den Boer 1985). 
Exceptions are species that are highly ag
gregated and have higher densities in 
their local patches. 

3.7. DENSI'fY AND BIOMASS 

Table 2 lists the densities of the most 
important species of the Gottingen forest. 
The other parasitoid species have mostly 

2 1 mean densities below 1 ind. m- a· . Ta

ble 4 gives the combined density and 

biomass of the parasitoids of all host taxa 
parasitized in the Gottingen forest. The 
total emergence of the entomophagous 

Hymenoptera ranged between 123 ± 23 

(1981) and 1078 + 186 (1984) ind. m-2 a-1; 

on average they occurred with 431 ind. 
m-2 a·1• The most important groups were 

the parasitoids ofDiptera (56± 15 to 936 

2 + 164 ind. m· a·1) and Coleoptera (8 + 7 
2 to 65 + 23 ind. m- a- 1). This means that 

the Hymenoptera are among the most 
abundant arthropods of the beech forest 
under study (cf. S c ha e fer 1989, 1991 ). 

But this is not the case if we look at 
the biomass (Table 4). That reached only 

values between 19 ± 5 ( 1981) and 170 
2 1 ± 92 (1987) mg DW m- a- , with a mean 

of 68 mg DW m·2 a·•. Other important 

groups of arthropods in the beech forest 
under study had much higher biomasses: 
spiders 95 (S t i p p i c h 1986), isopods 
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100 (S t r ii v e K use n be r g 1987), chi Table 5 shows the data of density 

lopods 265 (Poser 1988), springtails and biomass of the parasitoids sorted by 

138 (W o Iter s 1985), Carabidae (imag host guild. The parasitoids of gall-makers 

ines) 144 (Marti us 1981), and Diptera and egg-parasitoids reached the highest 
2 (imagines) 400 mg DW m- a-1 (Hove densities (23 + 9 to 880 + 163 and 21 + 

2 1 meyer 1985). 17 to 102 ± 33 in d. m- a- ). Concerning 
Interesting is the constant rise in the the biomass, the wasps that lay their eggs 

biomass from 1981 to 1987. This is into the larvae of ectophytophagous bee

mostly caused by the high abundance of tles and butterflies were in the first place 

some large Ichneumonids (Phygadeuon (7 + 4 to 43 + 14 mg DW m-2 a-1). This 

ursini, Phygadeuon spp., Cratichneumon group is represented mostly by large Ich

rufifrons, Charitopes gastricus). neumonidae and Braconidae. 

3.7. TREE TRUNKS AND BEECH STUMPS 

In 1980 and 1981 two important mi abundance and to the density of each of 
crohabitats were studied with emergence the parasitoid guilds (Table 6). Many 
traps: the area around the tree trunks and more parasitoids, however, emerged out 
an old stump of a dead beech tree. Tables of the old tree stump studied ( 190 in d. 
6 and 7 show that there are significant m-2 a- 1). Especially the parasitoids of dip
differences as well as identical patterns terous larvae and pupae living in soil 
between these habitats and in comparison reached a very high density (together 88 
with the soil and herb layer distant to the ind. m-2 a- 1). The parasitoids of miners 
trees. and the egg-parasitoids, on the other 

With regard to the density, there are hand, emerged in a lower density. 
no striking differences between the emer The biomass of the parasitoids near 
gences near tree trunks and the "nonnal" the beech trunks was higher due to higher 
emergences. This applies to the total values in the parasitoids of ectophyto-

Table 6. Density and biomass ofparasitoids in a 10 year old beech stump (emergence of 1980) 
2 1 2 1 

and near beech trunks (emergence of 1981) (ind. m- a- ; mgDW m- a- ) 

Mean densi~ Mean biomass 
out of an mean out of an mean 

Parasitoids of near beech near beech 
old beech density old beech biomass 

trunks trunks 
stum12 1981 stum12 1981 

Miners 17 ± 3 5 14 ±4 6±2 1 3±2 
Gall-makers 21 ±4 27 23 ± 9 1 ± 1 1 1 ± 1 
Ectophytophages 5 ± 1 8 6±3 10 ±4 14 4±4 
Sap-suckers 6±1 10 9±3 1 ± 1 2 1 ± 1 
Mycetophages 8±2 45 4±3 2±1 11 1 ± 1 
Saprophages 23 ±4 43 24 ± 11 2±1 3 2±1 
Predators 8±2 9 10 ± 3 3 ± 1 2 3 ± 1 
Eggs 14 ± 5 13 21 ± 17 1 ± 1 2 < 1 
Parasitoids 1 ± 1 < 1 2±2 1 ± 1 < 1 < 1 
Xylophages <1 < 1 < 1 < 1 < 1 < 1 
Guild unknown 10 ± 2 30 8±3 2±1 ) 

.- 1 ± 1 
Sum 113 ± 9 190 123 ± 23 27±4 41 19 ± 5 
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phages. Much higher instead was the control sites (24m2 area); only 289 could 
biomass of the wasps that emerged out of be found near the trunks (37 m2 area; in 

2 the beech stump (41 mg DW m- a-1). Ad such an area about 340 species are ex
ditionally to the parasitoids of ectophyto pected). This holds especially for the 
phages, the pronounced emergence of parasitoids of phytophagous and sapro
larger parasitoids of mycetophages Dip phagous hosts. The tree stump, on the 
tera - mostly Ichneumonidae and some other hand, was richer in species. 57 spe
Belytinae- account for this fact. cies were detected, 48 expected. Again 

Near the tree trunks there was a the parasitoids of mycetophagous and 
slight lowering of the number of species saprophagous hosts had a higher species 
(Table 7). 255 species were found at the number. 

Table 7. Observed versus expected (regression of collector's curves in 1981) number 

of parasitoid species near tree trunks and in old beech stumps 

Near tree trunks Control area 1981 ~ 2 Old beech stump~ 1 m 
Parasitoids of 1981 · 37m2 24m2 

Counted Counted Counted Expected 

Miners 33 32 4 1 

Gall-makers 36 35 5 8 

Ectophytophages 36 27 4 5 
Sap-suckers 11 7 2 4 

Mycetophages 38 24 10 7 

Saprophages 29 30 10 6 

Predators 20 13 5 4 

Eggs 20 23 5 5 

Parasitoids 14 12 1 1 

Xylophages - 1 
Guild unknown 52 51 11 7 

Sum 289 255 57 48 

4. DISCUSSION 

4.1. SPECIES NUMBERS 

Although there are many long-tenn been provided by We idem ann (1965) 
quantitative studies on other insect taxa (Serphidae), Ab r a ha m (1969) (Ptero
(for example on various insects: Ken malidae), K on i g (1969) (Braconidae), 
deigh 1979, on Diptera: Hove Ho r s t m an n ( 1970, i 988) (lchneu
me ye r 1985, on Carabidae: Den monidae), Copland and Askew 
B o er 1985, on Lepidoptera: Me (1977) (Chalcidoidea), Garb arc z y k 
i n i c k e 1984 and the literature therein, (1981) (Serphoidea and Scelionoidea), 
see also the compilation of S t i I i n g S t er z y n ski ( 1981) (Braconidae ), Sa
1987 of studies on density dependence) won i e w i c z (1981) (lchneumonidae ), 
the Hymenoptera are very poorly studied. K u s s m a u I and S c h m i d t ( 1987) 
Detailed species lists for certain families (Ichneumonidae ), V i d a I ( 1988) (Eulo
or superfamilies that had been taken over phidae ). T h i e de ( 1975) published in
a longer and continuous period have only complete species lists as well as 
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estimations of the abundance and 
biomass. He studied a spruce forest in the 
Soiling (FRG) with the same type of 
eclectors used in our sampling program. 
More recently H i 1 p e r t ( 1989) gave a 
detailed account on the total hymenopter
ous fauna of a mixed leaf forest (Bechtal 
forest) near Freiburg (FRG). He also used 
ground-photo-eclectors. 

The most striking fact which ap
peared in all the studies is the extraordi
narily high number of parasitoid species 
that live in a certain habitat. In the Got
tingen forest the number of potential host 
species is probably around 800 to 1000 
species (U I r i c h 1987b) and more than 
1700 species of arthropods were found 
during several years of study in the Got-
tingen forest (S c ha e fer 1996). There
fore the parasitoids count for nearly 40% 
of the total arthropod fauna and are nearly 
as rich in species as their potential hosts 
(cf. U l rich 1989). Similar results were 
obtained by J an z en and Pond (1975), 
T h i e de (1975), Mora n and South
w o o d ( 1982), 0 w e n and S v e n s -
son (1974)andHilpert (1989). They 
also found some hundreds of parasitoid 
species irrespective of the kind of habitat 
studied. It seems as well that a ratio of 
40% is about constant for different eco
systems. The detailed analysis of U 1-
rich (1987a) and Hawkins and 
L a w t o n ( 1987) on the relations of 
parasitoid to host species numbers points 
in the same direction. 

What is the total number of parasi
toid species that can be found in a beech 
forest? This question has no simple an
swer. One has to differentiate between a 
yearly number of species and the number 
of species which can potentially live and 
colonize a certain habitat, the species 
pool(Eriksson 1993). 

The yearly number of species in the 
beech forest studied is surely above 400 

(in 1981 I found 407 species; Fig. 4 ), with 
a maximum of 1184 species I year (Fig. 
2). Judged by collectors curves I expect 
an upper limit of 600 species per year at 
the study site, which covered a about ten 
ha. These values are higher than those re
ported by H i 1 p e r t ( 1989), who made a 
similar computation and found a value of 

only= 366 species I year. 
Local extinction and colonization are 

nonnal processes even in stable ecosys
tems like old beech forests. Therefore, 
every year there is some degree of spe
cies-turnover. In a study on carabid bee
tles, Den B o er (1985) reported 
turnover rates of up to 8% I year in an old 
forest habitat and mean survival rates of a 
species of 10 to 40 years. Hilpert reported 
immigration rates of 10- 15% for the 
parasitoid fauna in the Bechtal mixed oak 
forest. Dempster et· al. ( 1995a) re
ported immigration rates between 9 and 
14% per year at patches offlowerheads. 

What is the amount of the species
turnover in the Gottingen forest? A com
parison of the species numbers per year 
with the species numbers over several 
years allows a rough assessment of immi
gration rates to be made. For this purpose 
Table 8 compares the numbers derived by 
the collectors curve in Fig. 2 (derived 
only from 1981) with the curves in Fig. 3, 
which are derived by combing several 
years. Difference in species numbers be
tween these two estimates can have two 
possible causes: the immigration of spe
cies during the study period (7 years and 
around 16 m2 area sampled per year) or 
pronounced structural changes in species 
composition. In a forthcoming paper (UI
r i c h 1998b) I will show that the struc
tural parameters of the populations 
remained rather constant during the study 
period. Therefore, the differences in spe
cies numbers between one year and 
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Table 8. Expected number of species per year and expected number during 

whole time of study. In the middle 16 m2 per year were sampled 1981-1987 

Area sampled m 2 

1 
16 
100 
150 
200 
Max. No. sEecies 

Sampling Total ExEected number of sEecies Species Species . 
during time (16 m 2 spectes 

turnover I turnover I 
per year several Ditierence area turnover I 

year year (0/o) 
yearly (0/o) l:ears samEled I 

48 71 23 1 23 48% 48% 
230 237 7 1 . 7 3% 3% 
376 525 149 6 25 7% 40o/o 
406 626 220 9 24 6% 54% 
427 709 282 13 22 5% 66% 
1184 3178 1994 27 74 6% 168% 

Data from collector's curves given in Figs 2 and 3. 

The data on maximal species numbers are taken from Fig. 5. 

longer periods should largely be caused 

by locally immigrating species. 
Parasitic Hymenoptera have a high 

colonization ability (Dempster et al. 

I 995a) and the rates obtained in Table 8 
2 reflect this fact. On one m area the dif

ference is 23 species, on 100 m2 area 149 

species. The resulting yearly immigration 

rates are surprisingly constant and range 

between 3 and 7% with a mean of 6% per 

year. That the latter number is obtained 

by a different method sustains the esti

mate. 
This value is slightly lower than the 

values reported by other authors and is 

probably the outcome of the more conser

vative estimation technique. D e m p -

s t e r et a/ ( 1995b) using radioactive 

markers found colonization of patches at 

a distance well over 800 m up to 2.8 km. 

Due to density fluctuations, at least 

8,5% of the species in the study area 

reached densities below I in d. I 100 m2, 

at least 1.1% abundances below I ind. I 
2 300 m . These are densities at which the 

species run a high risk of extinction. It 

seems very probable that the yearly ex

tinction rates due to low abundances are 

in the order of 5 to 1 0% and therefore 

range in the same order than the esti

mated yearly immigration rates. 
In their model of species area-rela

tionships Du r re t t and Levin (1996) 

obtained a similar result. A balance of 

immigration and extinction resulted in 

power functions of the type S = a x2
• The 

slope and intersect, of course depend on 

the initial settings, that means on the rates 

of extinction and immigration. In their 

work on nested species-area relationships, 

which can be attributed also to the type of 

collector curves I used, Le i t n e r and 

R o s e n z w e i g ( 1997) showed that the 

slope z is also a function of the abun

dance of a certain species and the area in

habited. To reveal the exact form of these 

functions further studies should concen

trate on detet tnining the spatial distribu

tion of the species and mean abundance. 

In the case of the parasitic Hymenoptera 

more habitats have to be sampled during 

several years and compared. The result

ing species-area-relationships, the abun

dances and the spatial distribution should 

result in more detailed theories about the 

relationship between species turnover and 
spatial distribution. 

Of course, not all species of the mid

dle European fauna colonize a beech 



281 Parasitic Hymenopteria in a beech fores .... I 

~0~----------------------~ 
y = 300.33x-1.2444 

R2 300 = 0.9935 
"g 38,50°/o 

-5 250 
Cl) 

·o 
~ 

2oo 
~ 

fA
(51 50 
~ 

Q) 

..0 100 E 
:::J z 

50 

0 2 4 6 8 

Number of sampling years 

Fig. 7. Number ofparasitoid species found in 
exactly 1, 2, ... 8 of the sampling years. Given 

are also the percentages of the total fauna 

wood. There is a subset of species, a spe
cies pool (Er i k ss on 1993), which has 
the potential to colonize the ecosystem 
beech wood. Limiting factors are mainly 
the microclimate, available hosts and 
competitors. That means we can speak of 
a number of potentially indigenous spe
cies, the species who may be found at 
some time in a certain habitat but are not 
necessarily found in each year. My data 
indicate that for the parasitic Hymenop
tera these numbers may be extraordinar
ily high and reach a value up to 3178 
species (nearly 1/3 of the total middle 
European fauna of parasitic Hymenop-

tera), and that it would take 27 years to 
list them. 

On the other hand there are very few 
species which are perrnanent or nearly 
pern1anent residents. In the Gottingen for
est only 20 species of Hymenoptera 
(2.8%) were found in all of the study 
years and 47 species (6.5%) in at least 
7 of the years (Fig. 7). Table 2 lists the 
most important of these species. Fig. 7 
also shows that the species numbers found 
during a period of study can well be de
scribed by a power function s = k ra. 
Its fortn is dependent on the extent of 
sampling, the species rank order and the 
yearly species turnover. But is has inter
esting properties. More sampling-years 
result in higher values of k due to newly 
found species. But the slope is roughly 
constant. An analysis of all combinations 
of years between 5 and 8 sampling years 
revealed a maximum value of - 1.308 and 
a minimum value of - 1.1018. From func
tions with these two values one can infer 
that only between 0.5 to 0.1% of the 
yearly number of species, that means less 
than 5 species, can be found in every year 
in the part of the beech forest under 
study. 

4.2. DENSITIES AND BIOMASS 

A comparison of the abundances 
given in this study with those reported by 
T h i e d e ( 1 97 5) and H i I p e r t ( 1 9 89) 
reveals that the spruce forest studied by 
Thiede had much lower parasitoid densi
ties than the Gottingen beech forest. The 
abundances ranged between 66 and 600 
ind. m-2 a-1, that is roughly half the value 
of my beech forest. On the other hand, the 
oak forest of Hilpert had greater parasi
toid densities. He measured values be
tween 410 and 518 ind. m-2 a-1• The spruce 
forest has the least developed herb layer, 

the mixed leaf forest the best developed, 
the Gottingen forest takes the middle po
sition. This points to the explanation that 
the development of the herb layer greatly 
affects the densities of parasitic 
Hymenoptera. 

Despite the lower densities of the 
spruce forest the biomass reported by 
Thiede equals that of the Gottingen beech 
forest. The mean biomass of the parasitoids 

2 of the Soiling forest was 59 ind. m- a- 1 (68 
2 mg DW m- a- 1 in the Gottingen forest). 

The values ranged between 7 and 259 mg 
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DW m-2 a-1 ( 19 to 170 in the Gottingen cho/ica, Campopex cursitans and Mesa
forest). The reason for this high biomass chorus tachypus) in the Soiling forest. 
is the greater percentage of large Ichneu These species reached maximal densities 

d -2 -1 monids (especially Eusterinx oligomera, a b ove 40 In . . m a . 
Lissonota dubia, Cylloceria me/an-

5. SUMMARY 

Between 1980 and 1987 a beech forest 
(Fagus sy/vatica) on limestone near Gottin
gen (FRG) was studied using ground-photo
eclectors. 720 species of Hymenoptera were 
detected. 669 of the species were parasitoids, 
29 phytophagous Tenthredinidae, Cynipidae 
and Eurytomidae, 9 ants, 4 vespids and 9 
nest-building sphecids, megachilids, an
drenids and bumble bees (Table 1 ). To assess 
the final number of species, collector's curves 
(Fig. 2) as well as species/ year-plots were 
studied (Figs 3, 4, 5). Even after 8 years of 
sampling a great number of species seems to 
remain undetected. At the same time, estima
tions of the frequency of extinction showed 
that during the sampling period in most of 
the parasitoid guilds more than 10% of the 
species reached abundances below 1 ind. I 
100 m2 (Table 3). Species with such low den
sities run a high risk of local extinction. An 
estimation of the yearly immigration of spe
cies gave values of 6o/ol year (Table 8). Less 
than 1% of the species can be found in every 
year in the part of the beech wood under 
study (Fig. 7). The species number appeared 
to be positively density dependent (Fig. 6). 

To compute the biomass of the wasps a 
regression equation was developed based on 
the thorax volume of the specimens (Fig. 1 ): 
DW (mg) = V (mm3) 0.52493 (mg/mm3); r = 
0.97; p < 0.001. 

The densities of the parasitic Hymenop
tera ranged between 123 + 23 ( 1981) and 

2 1078 + 186 (1984) ind. m- a-1 (Tables 2, 4, 

5). The most important groups were the 
parasitoids of Diptera with 56 + 15 ( 1981) to 
936 + 164 ( 1984) in d. m-2 a-1. As judged by 
the sorting according to parasitoid guild, the 
parasitoids of gall-makers (23 + 9 to 880 

2 + 163 ind. m- a-1) and the egg-parasitoids 
2 (21 17 to 102 + 33 ind. m- a-1) reached the 

highest densities. The biomass of the para
sitic wasps ranged between 19 + 5 ( 1981) 
and 170 + 92 (1987) mg DW m-2 a-1 with a 

1 mean of 68 mg DW m-2 a- . Compared with 
other important insect taxa this is a Jow 
value. 

Quantitative samplings near the tree stems 
showed nonnal abundances whereas emer
gences out of an old dead tree stump were 
higher (Table 6). But the area around the tree 
stems were poorer in species (Table 7). 
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Appendix . Alphabetical list of the Hymenoptera and the number of individuals (N) 
collected with photo-eclectors in the Gottingen beech forest near Gottingen (FRG) 

Species N Species N Species N 

'Jfethades GW1 1 Anaphes ?dwna 1 1 Aphe/mus GW2 1 

Acanosema nervosa 2 Anaphe.\· aries 14 Aphelopus holomelas 75 

Achrvsocharou.les cilia 69 Anaphes dorcas 346 Aphelopus melaleucus 521 

Aclastus nucalor 166 Anaphes GW2 15 Aphelopus serratw; 179 

Aclastus solutus 24 Anaphes GW5 1 Apludencyrtus GW 1 1 

Achsta ")ana/is 1 Anaphe.'i GW6 9 Aphtdtus erv1 3 

Ac/isla /hiimorrhoidalis ') .... Anaphes GW7 1 Apfudrus GW 1 2 

Aclrsta iJanssom 1 Anaphes GW8 3 Aphulrus GW2 1 

Acl1sta canttanus 7 Anaphes long1corms ] 41 Aph1d1u.s GW3 1 

Aclista GW1 2 Ancyloccntrus edentatus 3 Asaphes su~pensw; 1 

Acltstu GW2 1 AncylocentrzL\' GW2 1 Asaphes vulgaris 11 

Acltsta prolongata 7 Andrena GW1 1 Asobara 1ab1da 3 

Achsta rufopetwlata 2 Andncus curvator 1 1 Aspilola GW"2" 1131 

Adisla soror 10 Andru:us GW 1 8 A.,pt!ota GW 1 0 

Adisla strwlata 9 Andri(:U.\' GW2 1 A~ptlota GW 11 23 

Ad1sta subaequahs 9 Andncwi ostreus 5 Aspilota GW 12 0 

Acot!ltwi c!IJ'Ihronotus 222 Aneurhynchus longtcorms 4 Aspilola GW 15 3 

Acro( .. ,tu GW1 1 Aneurhynchus ruficorms 7 Aspilota GW16 0 

Acrolyta margmata 9 Anopedws obscurus 2 Aspi/ota GW 17 0 

Acrolyta nens I Anteon GWl 1 A.,pJ!ola GW 19 1 

Acroptesta jlavtpes 21 Antens GW1 1 Aspilota GW20 108 

Acrop1esta GW1 4 Aoplus cw;taneus 1 Aspilota GW21 45 

Acrop1esta GW2 1 Aop/us ochropis 39 A.,pi/ota GW23 547 

Acrop1esta macrocera 5 A op/us ruflceps 0 Aspilota OW26 1 

Acroptesta rufiventns 29 Apanleles GW I 9 A.,pilola GW27 40 

Adelognatlw.\ GWl 0 Apanleles OW2 5 A~ptlota GW28 8 

Ademon GWI 1 Apante/es OW3 12 Aspllota GW29 2 

Aegilips GW 1 1 Apanteles GW4 7 Aspilota GW3 61 

Aglaost1gma aucupanae 4 Apanteles GW5 3 A.\pilola GW30 3 

Agrothereutes abbrevtator 1 Apanteles GW6 5 A.,pt!ota GW31 7 

Agrypon jlaveolatum 2 Apechthts quadndentata 6 Aspilota OW32 1 

Alaptwi GWI 244 Apechthl.\ rufata 1 Aspilota GW33 1 

Alewde.\ GW 1 2 Aperileptus GW1 4 Aspilota GW5 312 

Alewde.\ GW2 .... ') Aphaereta tenuicorms 7 A.,pdola GW6 0 

Alewdes GW3 2 Aphanogmus GW I 101 Aspilota GW8 4 

Alloea GWl 7 Aphanogmus OWl 0 5 Asllchus anthmetrcus 1 

Allotropa mecndu 9 Aphanogmus GW11 0 Asllchus macula/us 1 

Allo:n sta ).\uhclavata 3 Aphanogmus GWI2 2 Asllphromma strenuum 1 

Alloxysta OWl 1 Aphanogmus GW 13 2 A tract odes GW 1 58 

A 1/oxvsta v1ctrix 53 Aphanogmu.\ OW 14 3 Atractodes GW2 
• 

4 

Amb(vasp1s GW I ') Aphanogmu.'i GWI5 1 Aulogymnus arsames 3 -
Amb~vaspts GW2 17 Aphanogmus GW16 2 Aulogymnu'i euedoreschus 1 

Amb(vasptJ GW3 2 Aphanogmus GWI7 1 Basalys abrupt a 169 

Amb(ra.\pts nod1cornis 52 Aphanogmus GW2 7 Basalys cymoc/es 2 

Amblyteles armatonus 1 Aphanogmus OW3 246 Basalys parva 22 

Am1tus nunen,ae 22 Aphanogmus GW4 19 Basalys pedtsequa 523 

Anachans euchan01des 208 Aphanogmu.\· GW5 54 Basalys smgulans 1 

Anachans munums 49 Aphanogmus GW6 8 Basa~vs tr1pariiia 1 

Anagrus atomus 269 Aphanogmus GW7 11 Basalys tubercula/a 1 

Anagrus GW1 59 Aphanogmus GW8 2 Bathytri.x pellucidator 33 

Anagru .. GW2 21 Aphanogmu.\ GW9 4 Batythru margaretae 1 
Anagru.\· .\'ubjuscus 1 Aphelmus GW I 39 Belyta ?filicorms 4 
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Belyta elegans 15 Chorebus GW3 1 Dendrocerur lattceps 2 

Belyta moml meat a 2 Chorebus nenssa 6 Dendrocerus serncornis I 

Belyta quadndens 2 Chorebus phaedra 29 Derostenus gemmeus 91 

Blacus fischen 10 Chrysocharis ?laomedon 69 Dwdegma chrysosltctos 2 

Blacus GWI 28 Chrysocharis aeons 1 Dwdegma GW4 7 

Blacus GW2 30 Chrysocharis nephereus 3 Dwdegma me/anius 3 

Blacus humdt.\' 8 Chrysocharts pllosa 3 Dwdromus troglodytes 7 

Blacus ruficorms ) Chrysocltans prodtce 622 Dtaeretellus ephtpptum 59 

Blastothru bntanmca 1 Chrysonotomya chlorogast 15 Dtaerellella rapae 65 

Blennocampmae GW 1 I Cidaphus GWI 1 Dtbrachys cavus 26 

Bombus hortorum 0 Cinetus ?atriceps 1 Dichrogaster aesltvalis 10 

Bombus lucorum 0 Cinetus OW2 I Dtchrogaster modesta 11 

Bombus pascuorum 0 Cmetus GW3 2 Dtcladocerus GW I 1 

Bomb us pratorum 0 Cmetu.s monrllcornts 8 Dtglyphus mmoeus 1 

Bombus soeroeensts 0 Cmetus perplexws 6 D10spi/us rufipes 1 

Bombus terrestrts 0 C met us procns 1 Dipara pet10lata 2 

Bothriothorcu OWl 6 Cirrospilus dwllus 55 Dtphyus pal/iatonus 1 

Bothr10thorcu mtermedta 22 Ctrrospdus vtllatus 100 Dtpla=on /aetatorzus I 

Brachyserphus laewceps 1 Cleruchus GW1 721 Dtpla=ontmae GW1 2 

Bracon GWI 5 Cleruchus pluteus 1 Dtpla=ontmae GW2 2 

Bracon OW2 3 Coelichneumon desmatorli 2 Dtpla=onttnae OW3 40 

Bracon GW3 1 Colastes braconius 24 Dtpla=ontmae GW4 1 

Bracon GW4 1 Conostigmur GW1 14 Dtsogmus areola/or 37 

Bracomdae GW3 1 Conosttgmus GW2 12 Dtsogmus basalts 8 

Bracomdae 0 W 4 1 Conost tgmus G W3 I9 Dolerus OWI 1 

Bracomdae OW5 0 Conosllgmus GW4 155 Doltchove.\pula scuomca 0 

Campoletts OW 1 5 Conosllgmus GW6 3 Doltchovespula sylvestns 0 

Campopleginae OW 1 2 Conosttgmus GW1 2 Doryctinae GW1 ) 

Campople.x hercymcus 6 Conosttgmus GW8 ) Duwna contumcu 4 

Camptoptera aula 2 Coptdosoma OW 1 l 1 Duwna o.xyacantha 3 

Centtstes cusptdatus 4 Coptdosoma GW2 303 Dy.'icntulus OW I 3 

Ceranisus pacuvtus 86 Corynopria soltda 10 Earmus glonatonus 1 

Ceraphron OWl 14 Craltchneumon culex 25 J:.:armus thoractcus ) 

Ceraphron GWtO 40 Cratichneumon dtsstmilts 2 Ecphylus GW1 1 

Ceraphron GWll 14 Crattchneumon fabncator 3I Elachertus munctus 2 

Ceraphron OW12 1 Crattchneumon foersten 5 Embolemus antenna/is 1 

Ceraphron GWI3 6 Cratichneumon luteiventri: 1 Encarsw OWl 39 

Ceraphron OW2 79 Craltchneumon punctifron. 4 Encyrttdae OWl I 

Ceraphron GW3 14 Crat ichneumon rufifrons 85 Encyrttdae OW2 1 

Ceraphron GW4 5 Cryptoserphus aculeator 3 Encyrttdae OW4 1 

Ceraphron GW5 38 Ctemchneumon funereus I l·.:ncyrttdae OW5 3 

Ceraphron GW6 20 Cymptdae GW I 6 Endasys GW1 3 

Ceraphron OW1 4 Cyrtogaster vulgans 16 l•.:ndasys GW2 I 

Ceraphron OW8 I3 Dacnusa GWI 2 Entedon GW1 123 

Ceraphron OW9 2 Dacnusa OW2 2 Entomacis perplexa 107 

C erobelus jugaeus 8 Dacnusa laeta 2 Entomacts platyptera 2 

Ceroptres arator 2 Dapsilarthra dtctynna 2 l:!phedrus lacertosus 329 

Chantopes c/au.'ius 43 Dapsllarthra ruftventns 6 Epitomus mfuscatus 2 

Chanlopes gastncus 444 Dapsllarthra tenwcorms 2 Erdoesta tesselata 7 

Chantopes hemerobtus I Delopia forstert 1 Eretmocerus mundus· 4359 

Charmon extensor 25 Dendrocerus carpenten 44 lindohus G W 1 1 

Charmon OWI I Dendrocerus dubtosus 14 Ethelurgus sodalts 51 

Chlorocytus ultomcus 1 Dendrocerus G W 1 9 Euceros albttarsus 1 

Chorebus OW1 1 Dendrocerus hal1dayt 1 Eulophus /arvarum 154 

C horebus 0 W2 5 Dendrocerus laevts 2 Eumacepolus graham1 178 
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~·upelmus uro:onus 1 Holcaeus calligetus 1 Mesoneura opaca 2 

J•.:uplectromorpha /aevrscw 14 Holcaeus GW1 8 Mesopolobus dubius 0 

Euryproctim GWI 1 Holcaeus GW2 3 Mesopolobus GW1 388 

Eusterinx alpigenus l Holcaeus stenogaster 4 Mesopolobus GW2 1 

Eustochus atripennis 613 Holcopelte GW1 1 Mesopolobus GW3 4 

Eustochus GW1 13 Holcopelte obscura 12 Mesopolobus tibialis 3 

Exallonyx ater 93 Homolobus annulicornis 9 Metanopedias lasiopterae 1 

Exallonyx brevrcornis 16 Homotherus varipes 2 Metaphycus GW1 2 

cxal/onyx /ongicornis 12 Hop/ocampa minuta 1 Meteorus colon 1 

Exal/onyx microcerus 40 Hyperimerus pusil/us 13 Meteorus jaculator 3 

cxallonyx minor 14 Hypoponera punctatissrma 0 Meteorus vexator 3 

Exallonyx quadriceps 230 Hyposoter citrofrontalis 0 Microctonus GW 1 58 

Exallonyx subserratus 133 Hyposoter GW2 3 Microctonus GW2 15 

Exallonyx trichomus 109 Ichneumon albiger I Microlycus heterocerus 8 

Exallonyx trivoveatus 2 Ichneumon stramentarius 8 Microp/itis mediator 2 

Exeristes ?longiseta 2 lchneutes reunitor 1 Microterys GWI 23 

Exochus GWI 2 ldiotypa nigriceps 2 Monophadnus pa//escens 4 

Exotela obscura I lphitrache/us far 3 Mymar pulche/lum 1 

Gastracanthus pulcherrrm1 16 !sadelphus inimicus 4 Myrmica /obicornis 1 

Gastrancrstrus autumnalis 114 I smarus dors iger 134 Myrmica rubra 4 

Gastrancrstrus GW 1 30 ltop/ectis a/ternans 5 Myrmica ruginodis 2 

Gastrancrstrus GW2 2 Kleidotoma GW1 6 Necremnus leucarthros 1 

Gastrancrstrus GW3 2 Kleidotoma psr/oides 115 Nematus fagr 6 

Gastrancrstrus GW4 3 Klerdotoma tetratoma 3 Nematus GW1 5 

Gastrancistrus GW6 65 Labolrps innupta 1 Nete/ia GW2 4 

Gastrancistrus wa/keri 1129 Laepserus dent ifer 2 Netelia /atungula 4 

Ge/rnae GW7 11 Lagynodes pall id us 229 Netelra testacea 1 

Gelrs a/brpalpus I Lasrus flavus 0 Neurateles GW1 16 

Gel is area tor 13 Lasrus mutus 7 Neurateles GW2 2 

Ge/rs brassrcae 2 Lasrus nrger 10 Neurateles GW3 I 

Gelrs GWl 10 Lasrus umbra/us 1 Neuroterus apri/inus 1 

Gelrs GW2 5 Le wphron basal rs 21 Neuroterus quercusbaccar 33I 

Gelrs GW5 3 Lerophron fascrpenms 28 0/esicampe GW1 20 

Gelrs longrcauda 5 Leptacrs tipu/ae 4 Omphale aetrus 115 

Gelrs sulcata 15 Leptothorax nylanden 1 Ompha/e GW1 85 

Glaura~prdra mrcroptera 498 Lissonota brguttata 4 Omphale GW2 463 

G/ypta GWI 20 Lissonota GW1 2 Omphale GW5 3 

Gnaptodon pumrlro 69 Litus cympseus 1679 Ompha/e GW7 8 

Gonatocerus /aora/rs 1 Mastrus demrnuens 1 Omphale versrco/or 52 

Gregoprmp/a mqursrtor I Mastrus varicoxrs 3 Ooctonus vu/gatus 8 

Gryon GWl I Medophron G W 1 7 Ophron minutus 4 

G1ypocentrus GWI 1 Megastrgmus dorsalrs 3 Ophron mocsaryr 3 

Fabrocytus GW 1 8 Megastylus cruentator 53 Oprus caudatus 2 

Habrocytus GW2 1 Megastylus GW1 8 Oprus GW1 7 

Habrocytus GW3 1 Me/amps opacus 37 Oprus GW2 2 

Habronyx GW 1 1 Mensmus megapterus 1 Oprus GW3 3 

Hadrodactylus GWI 1 Merismus nitidus 2 Opius GW4 2 

Haltrcoptera aenea 4 Mesochorus G W I 2 Oprus GW6 1 

Helrctes GWI 10 Mesochorus GW2 4 Opius GW7 1 

Helorus ruficorms 3 Mesochorus GW3 3 Opiu11 GW8 1 

Hemrgastennr GWI 1 Mesochorus GW4 1 Oresbrus GW1 2 

Hemrgasterim GW2 1 Meso/eius au/icus 6 Ormyrus rufimanus 1 

Hemrptarsenus fulvico/lrs 4 Mesoleius GW1 3 Ortht:ema triannulatum I 

Hemiptarsenus unguicellw 4 Meso/eptus GW1 I Orthocentrinae GWI 8 

H ercus font mal rs 19 Mesoleptus scrutator 2 Orthocentrus GW2 12 



288 Werner Ulrich 

Species N Species N Species N 

Orthocentrus GW3 13 Phygadeuon GW4 30 Pseudodmeura parvula 1 

Orthocentrus GW5 24 Phygadeuon GW5 17 Pseudomesocrrna GW1 1 

Orthocentrus GW6 14 Phygadeuon GW6 17 Psi/us caecutiens I 

Orthocentrus GW7 1 Phygadeuon GW7 1 Psrtyrus bohemicus 0 

Orthocentrus GW8 1 Phygadeuon GW8 82 Pteromalidae GWI 3 

Orthocentrus GW9 I Phygadeuon GW9 4 Pteromalus GW 1 22 

Orthosllgma GW1 5 Phygadeuon trrchops 3 Pteromalus GW2 6 

Orthost1gma GW2 I I Phygadeuon ursmi 797 Pygostolus sltcltcus 24 

Osmw rufa 0 Phymatocera aterrrma 0 Rhemhob1us perscrutator 1 
') • Rhopalum clav1pes I Oxylab1s brsulca Phytodretus GWI 3 -

Oxylab1s thomsom I Phytod1etus GW2 2 Rhyssalus clava/or 85 

Oxytormae GW5 5 P 1crosl 1geus G W 1 105 Saphonecrus connatus IO 

Oxy1onnae GW8 I P1cros11geus GW3 4 Scambus GW1 1 

Pachyneuron formosum 15 Plcrost1geus GW4 5 Seladerma breve 10 

Pachyneuron grande 1 P1estopleura jlavrmanus 36 Seladerma GWI 20 

Pachyprotasrs rapae 4 Ptmpla GW1 35 Selandria serva I 

Panstenon oxylus I Prmpla melanacrias IO Semrotel/us GW I 1 

Pantoclts /ruralis 1 Prmpla turioneilae 3 Skleroceras clavrgerum 6 

Pantoclts GW2 1 Ptrene chalybea I Spalangw erythromera 3 

Pantoclrs mese 1 Ptrene cofl}ungens 1 Spamopus amoenus 24 

Pantoclts scoi1Ca 1 P1rene varrcox;s 3 Sprlomicrus 'Jannulicorms 1 

Pantochs S1mtl1s 30 Platygaster GW1 I26 SpJ!omrcrus mteger 2 

Pantoclls su/cata I Platy?,aster GWlO 3 Spudast1ca robusta 3 

Pantolyta ?QW2 92 Platygaster GW11 4 Stemclmeumon culpator 1 

Pantolyta ashmeadr 2 Platygaster GW12 I Stenomacrus GW1 58 

Pantolyta atrata 4 Platygaster GWI3 ') .... Stenomacrus GW2 4I 

Pantolyta GW 1 1 Platygaster GW2 404 Stenomacrus GW3 I 

Pantolyta GW5 29 Platygasler GW3 4 Stenomalina gracJirs 7 

Pantolyta parvula 4 Platygaster GW4 2 Sterrctophora GWI 3 

Paravespula rufa 0 Platygaster GW5 5 Strctom1schus GWI 3 

Parave.\pula vulgaris 0 Platygaster GW6 9 StJibops vetula 6 

/~roxylabts senurufa 13 Platygaster GW7 4 Stllpnu.,· GW1 85 

l'aroxylab1s spmifer 0 Platygaster GW8 24 Stllpnus GW2 3 

Pedwbru.\· alcaeus 84 Platygaster GW9 10 Sussuba cognala 1 

Pedwbws cas:Hdae 2 Platylabus hrstrw 3 Susterara acerma 9 

P edwb 1us folwrum 15 Plectlscidea GW1 5 Symp1esis gordrus 3 

Pentapleura GW1 25 Plecllscldea GW2 3 Sympresrs GW1 I 

Pendesmra congrua 2 Plecttscrdea GW3 1 Sympiesrs serzceicornis 33 

Pen/1ssus ser1ceus 1 Plect1scus GW1 3 Symp1es1s xanthostoma 9 

Perrstenus GW 1 104 Pleolophus vesttgralis 4 Symplec1s GW1 1 

Perrstenus GW2 I 21 Plutothnx scenicus 10 Synacra GW1 1 

Phaedroctonus transfuga 64 PlutothrLt trifascwtus 14 Synergus albrpes 4 

Phaenocarpa GW1 3 Pmgalro GW1 1 Synopeas decurvatus 1 

Phaenocarpa GW2 I Pnigaho pectmrcorms 1 Synopeas G W 1 4174 

Phaenocarpa GW3 ') - Pmga/10 soemrus 9 Synopeas GW2 42 

Phaenoglyphts stricta 9 Polyaulon paradoxus 19 Synopeas GW3 22 

Phaenoglyplus vlllosa 18 Polynema fum rpenne 26 Synopeas GW4 5 

Phaneroserphus calcar 34 Polynema GW 1 1 Synopeas GW5 30 

Plwbocampe crassruscula 2 Polynema GW2 4 Synopeas G W6 2 

Plwbocampe GW1 34 Praon GW" I" 41 Synopeas G W7 1 

P hobocampe G W3 I Probles m1crophtalmus I Synopeas mamertes I 

Phygadeuon cheiloswe 5 Prob/es mgnventns 8 Syntretus GWI 10 

Phygadeuon GVVIO 2 Procllfus GWI 5 Syntretus GW2 4 

Phygadeuon G W 12 1 Proclitus GW2 3 Syntretus GW3 I 

Phygadeuon GW3 40 Profenusa GWI 8 Syrrhizus GW 1 1 
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Syrrht:us GW2 l Torymus fulgens 31 Trzoxys btcuspts 79 

Tales heterocera 51 Torymus GWl 2 Trioxys GWI 4 
Te/enomus GWl 304 Torymus perstcanae 37 Trzoxys GW2 1 

Telenomus GW2 2 Toxares GWl 0 Trzoxys macroceralus 7 . 
Teleopterus GWI 1 Tranosema rostrale 2 Trisso/cus GW1 1 
Tenthredo btpunctula 1 Tretoserphus laricrs 9 Trybliographa melanopterc 23 
Tenthredo ferrugmea 1 Tnchacts pists 23 Tryphonmae I 3 
TenthreJo ltvtda 1 Tnchzonotus jlexonum 20 Tyndartchus ?navae 1 
/enthredop.H.\ annuligera 1 Trtchogramma embryopha. 162 Woldstedttus flavoltneatus 19 
Tenthredopsts ltllerata 2 Tnchogramma GW 1 3 Xenomerus ergenna 13 
Tenthredopsts nussata 1 Tnchomalus G W l 18 Xestomnaster chrysochlon 7 
Tetrumesa /ungula 8 Tnchomalus GW2 1 Xestophanes GW 1 1 
Te1rastu:hus )c/zaroba 233 Tnchopna aequata 232 Xorides securtcorms 6 
Tetrasllchus brachyceru .. \· 2648 Tnchopna cameroni 14 Xyalaspts GWI 2 
Tetras/tchu.\ .fagett 440 Tnchopna evanescens 103 Zele deceptor 5 
Terrasllchus GWl 213 Trtchopna GW2 30 Zygota clavtscapa 4 
J'etra.\ttchus GW2 7 Trichopna mermrs I Zygota ruficorms 30 
Tetrasttchus GW3 3 Tnchosterests glabra 1 

Tetrasttclws GW4 13 Trrchstus GW I I 

J'etrasttclws GW5 I Trmwrus GWI 16 

Tetrasllchus mtermedJUs 11 Trrmorus GW2 7 

Tetrastrchus luteus 392 Tnmorus GW3 1 

l11rtptoctenordcs gauss1 2 Trmwrus GW4 1 

J'l1ymans contammatus 1 Tnmoru.'\ GW5 1 

Torymrdae GW I 1 Tnmorus GW6 2 

Torymus aura/us 0 Trrmorus GW7 1 
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