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Abstract

Communities of Heteroptera in tree crowns of beech, oak and spruce were studied at various managed forest 
sites in southern Bavaria during two consecutive years using � ight interception traps. True bug communities 
varied conspicuously between studied tree species. Their greatest diversity was on oak, whilst no signi� cant 
difference in diversity between beech and spruce was observed. The greatest number of specialist species 
inhabited oak, whereas only a few species showed an af� nity to spruce and only one species to beech. Dif-
ferences in the phenology of Heteroptera between tree species was re� ected by a greater activity in spring 
of species overwintering in egg and adult stage on oak, in comparison with beech or spruce. Guild structure 
differed considerably between broad-leaved (oak, beech) and coniferous (spruce) trees with respect to feed-
ing guild, feeding specialisation, and habitat guilds. Aphidophagous species exhibited great abundance in 
oak crowns, whereas their activity in beech and spruce crowns was much lower. Results are discussed in the 
light of previous studies on tree crown dwelling Heteroptera in Europe and on the guild structure of different 
tree species.

Zusammenfassung

Die Wanzenzönosen der Baumkronen von Buche, Eiche und Fichte wurden an verschiedenen bewirt-
schafteten Waldstandorten Bayerns in zwei aufeinander folgenden Jahren mit Hilfe von Lufteklektoren un-
tersucht. Die Zönosen unterschieden sich deutlich zwischen den Baumarten. Die höchste Artendiversität 
wurde auf der Eiche festgestellt, zwischen Buche und Fichte ergaben sich keine signi� kanten Unterschiede. 
Auf Eiche fanden sich die meisten Spezialisten, nur wenige Arten zeigten eine Af� nität zur Fichte und nur 
eine Art zur Buche. Imaginal- und Ei-Überwinterer wiesen deutlich höhere Aktivitätsdichten auf Eiche im Ver-
gleich zu Buche und Fichte auf. Ein Vergleich der Gildenstruktur ergab signi� kante Unterschiede zwischen 
den untersuchten Laubbäumen und Koniferen in Bezug auf Ernährungstyp, Breite des Nahrungsspektrums 
und Habitatbindung. Die Aktivitätsdichten aphidophager Arten waren in Eichenkronen auffällig höher als in 
Buchen- und Fichtenkronen. Die Ergebnisse werden im Vergleich zu vorangegangenen Studien zu Baumkro-
nenwanzen und hinsichtlich der Gildenstruktur der Zönosen auf verschiedenen Baumarten diskutiert.
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possible. I concentrate on species diversity, 
seasonal changes in communites, ecological 
guild composition and host tree speci� city.

Material and Methods

The data presented are part of two large-
scale projects (Schubert 1998, Ammer et al. 
2002). This study was conducted in several 
mature forest stands (average tree age >100 
years) at three sites: Ottobeuren (Landkreis 
Unterallgäu), Krumbach (Landkreis Günz-
burg), and Hienheim (Landkreis Kelheim) in 
southern Bavaria (Fig. 1). When discussed 
collectively, Ottobeuren and Krumbach will be 
referred to as central Swabia hereafter. The 
forestry departments of Krumbach and Otto-
beuren are located at 10°23’E, 48°23’N and 
10°21’E, 48°6’N, respectively. The stands in 
Krumbach were 520-535m asl. and mean an-
nual precipitation was 750-800mm, whereas 
stands in Ottobeuren were more elevated 
(620-645m asl.) and wetter (850-900mm). 
The mean annual temperature is 7-8°C at 
all sites. All study sites were located in a 
landscape called Schotterriedel with soils of 
high nutrient content, resulting in a favour-
able and rapid growth of trees. All sites were 
dominated by spruce as a consequence of 
forest management over the last three cen-
turies. The site Hienheim is located in the for-
est area Hienheimer Forst, close to Kelheim, 
and covers 2000ha. The stands are located 
on a mountain ridge between the rivers Alt-
mühl and Danube. The coordinates of the 
site were 10°47’E and 48°54’N. The altitude 
of the stands ranged between 400 and 475m 
asl. Annual precipitation is 650-730mm and 
the mean annual temperature varies from 
7.5-8°C. The forest area is characterised by a 
long tradition of oak forestry. Even though co-
niferous trees were established at an increas-
ing rate in 19th century, 50% of the forest is 
still covered with broad-leaved trees. Walen-
towski et al. (2001) described both regions 
(central Swabia and Hienheim) as colline and 
high montane beech forests. Both regions 
are located outside the natural growth range 
of spruce and spruce is de� ned as an exotic 
species. 

Introduction

True bugs (Heteroptera) represent a spe-
cies-rich and ecologically diverse insect or-
der with approximately 1,100 species known 
from Central Europe (Günther and Schuster 
2000, Hoffmann and Melber 2003). Many 
species have explicit habitat requirements 
and a speci� c spectrum of host plants (Schuh 
and Slater 1995, Wheeler 2001). This makes 
arboreal Heteroptera an interesting group 
for questions related to community ecol-
ogy and applied nature conservation. Their 
suitability as an indicator group has been 
demonstrated for the evaluation of open 
land (Albrecht 1997, Duelli and Obrist 1998, 
Obrist and Duelli 1998), trees in urban areas 
(Göllner-Scheiding 1992) and forest biotopes 
(Achtziger 1995, Flückiger 1999, Dorow 
1999, 2002, Goßner 2004, Goßner and Bräu 
2004). However, in most previous studies in 
Central Europe, Heteroptera have not been 
considered. Notably, this applies to investiga-
tions dealing with forest ecosystems. Most of 
the few ecological studies performed in for-
ests that concentrated on Heteroptera were 
restricted either to near-ground strata (e.g. 
Dorow 1999, 2002, Brändle and Rieger 1999) 
or to the edge of the forest (Achtziger 1995, 
Flückiger 1999). Further examinations of tree 
speci� c Heteroptera were in essence fau-
nistic (Reuter 1908, Strawinski 1936, Engel 
1941, Štepanovi�ová 1972, Cmoluchowa and 
Lechowski 1990, Štepanovi�ová and Bianci 
1999). As a consequence, knowledge about 
the structure of heteropteran communities in 
tree crowns of closed forests in Central Eu-
rope is still rudimentary.

During two comprehensive projects (Schu-
bert 1998, Ammer et al. 2002), arboreal heter-
opteran communities of the three most impor-
tant forest tree species in southern Bavaria, 
beech (Fagus sylvatica L.), pedunculate 
oak (Quercus robur L.) (both Angiospermae: 
Fagaceae), and spruce (Picea abies (L.) 
Karst.) (Coniferae: Pinaceae) were collected 
using a comparable sampling method (� ight 
interception traps). For the � rst time in Cen-
tral Europe a comparative statistical analysis 
of the community structure of crown dwell-
ing Heteroptera of these tree species was 
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are mounted � lled with killing and preserving 
agent (1.5% copper sulphate solution). Fly-
ing arthropods were intercepted by the win-
dow; either closing their wings and falling, 
being sampled in the lower jar, or, in trying 
to avoid the window by � ying upwards, were 
sampled in the upper jar. Since the data used 
in the present study originated from different 
projects, sample size differed between sites 
and years (Tab.1).

The traps were installed in the centre of 
each tree crown at a height between 18m and 
26m. In central Swabia sampling took place in 
1999 and 2000, and in Hienheim during 1996 
and 1997. In Hienheim and Ottobeuren, the 
same trees were sampled in both sampling 
years. (In Ottobeuren, oaks only were sam-
pled in 1999 and one trap in a beech failed in 
1999). In Krumbach, the same spruce trees 
(except one failure in 2000) were examined 

Heteropteran communities in the tree 
crowns of F. sylvatica, Q. robur and P. abies 
were sampled using � ight interception traps 
(FIT) (Winter et al. 1999). Traps consisted of 
a crossed pair of transparent plastic shields 
(400x600mm) with a funnel of smooth plas-
tic cloth attached to the bottom and to the 
top; at the end of both funnels sampling jars 

Fig. 1: Map of the location of the study sites in southern Bavaria (insert).

Tab. 1: Number of trees studied with � ight intercep-
tion traps. Oak was not sampled at Ottobeuren in 
2000.

site Ottobeuren Krumbach Hienheim
1999 2000 1999 2000 1996 1997

beech 11 12 12 12 15 15
oak 7 / 13 12 9 9
spruce 12 12 15 14 9 9
total 30 24 40 38 33 33
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ich-Hamerle test for unbalanced data was 
used (Bortz et al. 1990). Differences in the 
phenology of Heteroptera between tree spe-
cies were analysed using a Repeated Meas-
ure ANOVA and a Scheffé post hoc test. For 
comparison of species richness between tree 
species, two rarefaction statistics were ap-
plied to allow direct community comparison: 
1) standardising by the number of collected 
individuals of the smallest sample (Hurlbert 
rarefaction, Hurlbert 1971) and 2) standardis-
ing by the smallest number of discrete sam-
ples (Shinozaki 1963). These methods elimi-
nate the dependence of diversity on sample 
size by computing a number of expected 
species on a rare� ed sample size. This was 
the smallest number of individuals/samples in 
common between various samples. The cur-

in 1999 and 2000. Nine individuals of beech 
and oak were sampled in both years, while 
separate additional trees were studied in 
1999 and 2000. The traps were operated 
from mid March to mid October at the sites 
in central Swabia (in 1999 from mid May to 
mid October) and from the beginning of April 
to the end of October at Hienheim. Traps 
were emptied monthly. Arthropods were 
transferred into alcohol (70% ethanol) in the 
� eld. In the laboratory, samples were sorted 
into taxonomic orders. Species determination 
was either by the author (central Swabia) or 
by T. Maier (Hienheim) using common identi� -
cation keys (Wagner 1952, 1966, 1967, 1971, 
1973, 1975; Péricart 1972, 1987; Wagner and 
Weber 1978) and several other species-level 
publications. The determination of critical spe-
cies was checked by G. Schuster (Schwab-
münchen), Dr. A. Melber (Hannover), or Dr. 
C. Rieger (Nürtingen). Guild allocation was 
made after a thorough literature enquiry using 
the references mentioned above, as well as 
additional publications (Reuter 1908, Wheeler 
2001, Dorow 2002, Wachmann et al. 2004).

Based on expert knowledge the following 
species were classi� ed as ‘tourists’: ground-
living species, specialists of herbaceous 
plants, all broad-leaved tree specialists found 
on spruce and all specialists for spruce found 
on broad-leaved trees. With reference to feed-
ing specialisation (following Dorow 2002), 
stenophagous species were de� ned as feed-
ing on a single host species or a small host 
genus, oligophagous species as feeding on 
a low number of species of different genera, 
mesophagous species as feeding on many 
species of a wide range of genera, and poly-
phagous species as feeding on many species 
of different families. The speci� c classi� cation 
of species may be found in Appendix 1.

Data analysis was done using common 
computer programs and PC-ORD 4.10 for 
Windows (McCune and Mefford 1999) for Cor-
respondence and Indicator Species Analysis.

In order to analyse differences between 
the number of specimens or species as well 
as guild structure between tree species, a 
Kruskal-Wallis ANOVA (KW-ANOVA) and a 
Mann-Whitney U test (MWU-test) was per-
formed. For post hoc comparisons the Scha-

Fig. 2: Shinozaki curves (a; q = sample per year 
and site) and Hurlbert rarefaction curves (b), repre-
senting species accumulation with increased sam-
pling effort on beech, oak and spruce. #: ‘tourists’ 
were excluded.



123Floren and Schmidl (eds.) 2008: Canopy arthropod research in Europe

vature of the Shinozaki curves depends on 
the heterogeneity of species composition and 
is a measure of beta diversity. If the slope of 
a curve reaches zero, the species are consid-
ered to be well represented in the samples. A 
deviation of the slope from zero indicates that 
further sampling will result in more species.

For community-level analyses a Detrend-
ed Correspondence Analysis (DCA) was per-
formed using relative abundance of species 
(Jongman et al. 1995). Detrending was used 
to reduce the arch effect. DCA calculates ei-
genvalues (for all axes), which are equivalent 
to the correlation coef� cient. The resultant 
axes are a measure of beta diversity. An In-
dicator Species Analysis (Dufrêne and Leg-
endre 1997) enabled computation of indicator 
values for each heteropteran species, based 
on information of the relative abundance and 
relative frequency of heteropteran species on 
a particular tree species. These were tested 
for statistical signi� cance using a Monte Carlo 
technique.

P-values between 0.05 and 0.10 were con-
sidered as a trend in order to present some 
conspicuous, but not statistically provable, 
differences between tree species.

Results

Diversity aspects

The following results are based on a to-
tal of 4717 specimens sorted to 79 species 
of Heteroptera. The heteropteran fauna of 
all tree species was dominated by the family 
Miridae, both in terms of abundance (beech: 
79%; oak: 93%; spruce: 66%) and species 
richness (beech: 45%, oak: 59%, spruce: 
48%). Most specimens (2814) and species 
(58) were sampled on oak, followed by beech 
(907 specimens, 42 species) and spruce (826 
specimens, 52 species).

Comparing all samples on a rare� ed sub-
sample (q = 50), Shinozaki curves (Fig. 2a) 
demonstrated that species richness was 
greatest on oak. However, Hurlbert rarefac-
tion (Fig. 2b) showed a different pattern, since 
sampling effort was three times as high on 
oak as on beech and spruce. Comparing the 

number of expected species on a sample size 
of 648 specimens (sample size on spruce 
when nymphs, which could not be determined 
to species level, were excluded) more spe-
cies were expected on spruce (52 species) 
than on beech (41 species) and oak (36 spe-
cies). The steep slope of the curve calculated 
for spruce indicates a much lower evenness 
in comparison with the broad-leaved tree spe-
cies (Fig. 2b).

On beech and oak, the average percent-
age of ‘tourist’ specimens (beech: 5.8%, oak: 
0.9%) and ‘tourist’ species (beech: 8.3%, oak: 
3.5%) was low. In contrast, ‘tourists’ represent-
ed 22.3% of all specimens and 29.9% of all 
species on spruce. Excluding ‘tourists’, beech 
supported 33 species, spruce 28 species and 
oak 47 species. A rapid � attening out of the 
Shinozaki curves was observed for all tree 
species (Fig. 2a). However, Hurlbert curves 
(sub-sample size of 452 specimens) indicat-
ed similar diversities for all trees (beech: 30 
species, oak: 29 species, spruce: 28 species) 
when ‘tourists’ were excluded (Fig. 2b).

The average number of specimens as 
well as species differed between beech, oak, 
and spruce. This was independent of study 
site and year of investigation (Fig. 3, Fig. 4). 
Whilst oak supported signi� cantly more spec-
imens and species than beech and spruce, 
no signi� cant difference between beech and 
spruce was found (Fig. 3, Fig. 4). 

A similar pattern occurred when ‘tourists’ 
were excluded from analysis; the number 
of specimens and species was signi� cantly 
greater on oak in comparison with beech and 
spruce at all study sites and in all study years 
(Table 2, 3). No statistical difference between 
beech and spruce was observed (Tab. 3). 

Seasonality

‘Tourists’ were included in the analysis of 
seasonality and community structure since 
they did not affect the results. In contrast, 
‘tourists’ were excluded for the more speci� c 
analysis of guild composition.

In order to analyse seasonal patterns, 
Heteroptera were classi� ed into species with 
different overwintering developmental stag-
es; egg, imago, or imago/nymph. All trees 
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Fig. 4: Average number (me-
dian) of species (all species) 
caught in tree crowns of beech, 
oak and spruce. Results of a 
Kruskal-Wallis ANOVA, except 
# (MWU-test). x-axis repre-
sents a south-north gradient. 
Signi� cantly different medi-
ans are indicated by different 
letters at the top of the � gure 
(Schaich-Hamerle post hoc 
test, p<0.05). N: number of 
trees; box: 25%/75% percen-
tiles, whisker: min-max values. 
A circle indicates extreme val-
ues between one and three 
times the box length.

Fig. 3: Average number (me-
dian) of specimens (all spe-
cies) caught in tree crowns of 
beech, oak and spruce. Re-
sults of a Kruskal-Wallis ANO-
VA, except # (MWU-test). x-
axis represents a south-north 
gradient. Signi� cantly different 
medians are indicated by dif-
ferent letters at the top of the 
� gure (Schaich-Hamerle post 
hoc test: p<0.05). N: number 
of trees; box: 25%/75% per-
centiles, whisker: min-max val-
ues. A circle indicates extreme 
values between one and three 
times the box length. At site 
Krumbach two extreme values 
in 1999 (129 and 170 speci-
mens) and one in 2000 (138 
specimens) are not shown.
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as imago/nymph exhibited greater abundance 
in Krumbach in comparison with Hienheim, 
notably the total number of sampled speci-
mens within this guild was low at both sites.

The seasonal activity pattern was signi� -
cantly different between tree species with re-
gard to species overwintering in the egg or 
adult stage, respectively, at both sites and in 
all years of investigation (Fig. 5, Repeated 
Measure ANOVA: p<0.01). An exception was 
the sampling result in Krumbach 1999. Since 
sampling did not start before mid May, almost 
no species overwintering as imagos were 
captured (Fig. 5). Signi� cantly more species 
overwintering as egg or imago were found 
on oak than on beech and spruce (Fig. 5, Ta-
ble 4). The activity of the mirids Deraeocoris 
lutescens (Schilling, 1837) (within the cat-
egory ‘imago’), Harpocera thoracica (Fallén, 
1807), Dryophilocoris � avoquadrimaculatus 
(De Geer, 1773), Cyllecoris histrionius (Lin-
naeus, 1767), Rhabdomiris striatellus (Fab-
ricius, 1794), and Psallus spp. (within the 
category ‘egg’) were of greatest signi� cance 
for the described peaks. Only four species 
that overwinter as imago/nymph were found 
in this study: Pentatoma ru� pes (Linnaeus, 
1758) (Pentatomidae), Aneurus avenius (Du-
four, 1833) (Aradidae), collected from beech 
and oak, Xylocoris galactinus (Fieber, 1836) 
(Anthocoridae), on oak, and Gastrodes abi-
etum Bergroth, 1914 (Lygaeidae), on spruce. 
The difference in seasonal pattern for spe-
cies in this category was low between studied 
tree species (Fig. 5). Only from mid August 
to mid September 2000 signi� cantly greater 
abundance was found on oak in comparison 
with spruce in Krumbach (Repeated Measure 
ANOVA: F = 1.12, p<0.05; Scheffé post hoc 
test: p<0.05).

Guild structure

Analysis of guild structure concentrated on 
composition of feeding guilds: phyto-, zoo-, 
mycetophagous, omnivorous; feeding spe-
cialisation: steno-, oligo-, meso-, polypha-
gous; and habitat guilds: vegetation (leaf area 
of tree), bark (lichens, mosses), eurytopic.

in Krumbach and Hienheim that were sam-
pled over consecutive years were analysed. 
When the different sampling intervals of the 
two studies (Hienheim: beginning to end of 
month, Krumbach: middle of month to middle 
of the next) and differences between years 
in population densities were taken into con-
sideration, a similar seasonal activity pattern 
was observed at the two sites (Fig. 5). One 
notable exception was the seasonal pattern 
of species overwintering in the egg stage on 
beech, where a more conspicuous peak was 
observed in Krumbach from mid May to mid 
June (1999 and 2000), in comparison with 
Hienheim. Altogether, species overwintering 

Tab. 2: Difference in number of specimens and 
species, excluding ‘tourists’, caught on beech, oak 
and spruce. Results of a Kruskal-Wallis ANOVA (H-
values, p-values), except # (MWU-test; Z-values, 
p-values). 

site Ottobeuren Krumbach Hienheim
year 1999 2000 1999 2000 1996 1997

specimens
H 15.57 0.06# 24.99 24.34 21.37 19.35
p <0.001 0.95# <0.001 <0.001 <0.001 <0.001

species
H 12.56 0.47# 22.97 22.03 23.63 19.08
p <0.01 0.64# <0.001 <0.001 <0.001 <0.001

Tab. 3: Results of a Schaich-Hamerle post hoc test 
following a Kruskal-Wallis ANOVA on difference in 
number of specimens and species, excluding ‘tour-
ists’. *** p<0.001, ** p<0.01, * p<0.05, n.s. = not 
signi� cant.
 

Ottobeuren Krumbach Hienheim
year 1999 1999 2000 1996 1997

specimens
beech-oak ** *** ** ** ***
beech-
spruce

n.s. n.s. n.s. n.s. n.s.

oak-spruce ** *** *** *** ***
species

beech-oak ** *** ** ** **
beech-
spruce

n.s. n.s. n.s. n.s. n.s.

oak-spruce * *** *** *** ***
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Fig. 5: Seasonal patterns of adult Heteroptera sampled in tree crowns of beech, oak and spruce at Krumbach 
(left) and Hienheim (right). Species which overwintered as egg (top), imago (middle) and imago/nymph (bot-
tom) were analysed separately. At Krumbach, the sampling interval was from mid month to mid month (month 
of trap emptying is shown) and at Hienheim from the beginning to the end of month. Data are given as means 
with standard error plots.
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Tab. 4: Results of a Scheffé post hoc test following a Repeated Measure ANOVA on differences in phenology 
of Heteroptera between beech, oak and spruce. *** p<0.001, ** p<0.01, * p<0.05, (*) p<0.10.

year Krumbach Hienheim
month Apr May Jun Jul Aug Sep Oct Apr May Jun Jul Aug Sep Oct
egg
beech-oak 1

2
-

n.s.
-
**

*
*

n.s.
*

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

***
**

***
***

**
*

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

beech-spruce 1
2

-
n.s.

-
n.s.

n.s.
n.s.

*
n.s.

(*)
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

oak-spruce 1
2

-
n.s.

-
**

***
***

n.s.
n.s.

(*)
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

***
**

***
**

*
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

imago
beech-oak 1

2
-

n.s.
-

***
n.s.

*
n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

***
***

**
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

beech-spruce 1
2

-
n.s.

-
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
*

n.s.
n.s.

n.s.
n.s.

oak-spruce 1
2

-
(*)

-
***

n.s.
*

n.s.
n.s.

n.s.
n.s

n.s.
n.s

n.s.
n.s

***
***

*
(*)

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

n.s.
n.s.

Fig. 6: Feeding-guild structure (average percentage of species) of heteropteran communities on beech, oak 
and spruce.



128 Goßner: Heteroptera communities in tree crowns…

Fig. 7: Average number of aphido-
phages (median) caught in tree 
crowns of beech, oak and spruce, 
where a) aphidophages in nymphal 
and adult stage, b) aphidophages 
in adult stage only. Signi� cantly 
different medians are indicated by 
different letters at the top of the 
� gure (Schaich-Hamerle post hoc 
test: p<0.05). box: 25%/75% per-
centiles, whisker: min-max-values. 
A circle indicates extreme values 
between one and three times the 
box length, an asterisk even larger 
value.
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Tab. 5: Results of a Schaich-Hamerle post hoc test 
following a Kruskal-Wallis ANOVA of feeding guild 
structure. Only comparisons with p-values <0.10 
are shown. Tree species with higher values are in 
bold. n.s. = not signi� cant.

site guild comparison Krumbach Hienheim
year 1999 2000 1996 1997
specimens / guild
phytophagous beech-spruce <0.001 n.s. n.s. n.s.

oak-spruce <0.01 <0.05 n.s. n.s.
zoophagous beech-oak n.s. n.s. <0.05 n.s.

oak-spruce <0.05 n.s. <0.01 n.s.
omnivorous beech-oak n.s. n.s. <0.05 n.s.

beech-spruce <0.001 <0.05 n.s. n.s.
oak-spruce <0.001 <0.001 <0.001 n.s.

species / guild
phytophagous beech-spruce <0.001 n.s. n.s. n.s.

oak-spruce <0.01 <0.05 n.s. n.s.
zoophagous beech-spruce n.s. n.s. n.s. n.s.

oak-spruce n.s. n.s. <0.001 n.s.
omnivorous beech-oak n.s. n.s. <0.05 n.s.

beech-spruce <0.01 <0.01 <0.01 n.s.
oak-spruce <0.001 <0.001 <0.001 n.s.

general pattern, even if not all comparisons 
were statistically signi� cant (Table 5). Only 
one mycetophage was observed (A. avenius) 
on beech and oak at Hienheim; with only two 
specimens collected, this feeding guild was of 
minor importance in the present study. 

For several zoophages and omnivores, 
aphids were the main food resource. These 
were divided in two categories: 1) species 
that are aphidophagous during nymphal and 
adult stages (e.g. Anthocoridae; Miridae: 
Deraeocoris sp.), and 2) species that are 
mainly aphidophagous only as adults (some 

Feeding guilds

Oak exhibited a heteropteran commu-
nity richer in species in the zoophagous (19 
species) and particularly in the omnivorous 
guilds (20 species) than beech (zoophages: 
16, omnivores: 11) and spruce (zoophages: 
15, omnivores: 6). More phytophagous spe-
cies were found on oak and spruce (9 species 
each) in comparison with beech (7 species). 
Consequently, the structure of the communi-
ties with regard to feeding guilds was signi� -
cantly different between the three studied tree 
species (Fig. 6). This could be con� rmed for 
both sites and all years of investigation. Re-
sults of a KW-ANOVA with reference to spe-
cies are given in Figure 6. Specimens exhib-
ited similar p-values, with the exception of a 
signi� cant difference in the proportion of zoo-
phagous Heteroptera between tree species in 
Krumbach in the year 1999 (KW-ANOVA; H 
= 6.95 p<0.04). Interestingly, communities in 
the tree crowns of broad-leaved species were 
dominated by omnivorous species while zoo- 
and phytophages exhibited a greater percent-
age on spruce (Fig. 6). This appeared to be a 

Tab. 6: Results of a Schaich-Hamerle post hoc test 
following a Kruskal-Wallis ANOVA of feeding spe-
cialisation. Only comparisons with p-values <0.10 
are shown. Tree species with higher values are in 
bold. n.s. = not signi� cant.

site Krumbach Hienheim
year 1999 2000 1996 1997
specimens / guild
stenophagous beech-oak n.s. n.s. <0.01 <0.01

beech-spruce <0.001 <0.001 <0.05 <0.001
oak-spruce <0.01 n.s. n.s. n.s.

oligophagous beech-spruce <0.001 <0.001 n.s. n.s.
oak-spruce <0.01 <0.001 n.s. n.s.

polyphagous beech-spruce <0.05 n.s. n.s. <0.01
oak-spruce <0.001 n.s. n.s. n.s.

species / guild
stenophagous beech-oak n.s. <0.05 <0.01 <0.01

beech-spruce <0.001 <0.001 <0.05 <0.001
oak-spruce <0.01 n.s. n.s. n.s.

oligophagous beech-spruce <0.001 <0.001 n.s. n.s.
oak-spruce <0.05 <0.05 n.s. n.s.

polyphagous beech-spruce <0.01 n.s. n.s. <0.001
oak-spruce <0.01 n.s. n.s. n.s.

Tab. 7: Average number (median, 25%/75% per-
centiles) of habitat specialists on beech, oak and 
spruce.

site Krumbach Hienheim 
1999 2000 1996 1997

beech 0 0 0 0
oak 5 (4/6) 5 (5/6) 5 (5/6) 4 (4/4)
spruce 1 (1/2) 1 (0.5/1) 0 (0/0) 1 (1/1)
MWU-test;
oak-spruce

Z = 4.43;
 p<0.001

Z = 4.27; 
p<0.001

Z = 3.77; 
p<0.001

Z = 4.76;
p<0.001
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Anthocoris confusus Reuter, 1884, which 
mainly feeds on one aphid tribe (Aphididae: 
Callaphidini) was de� ned as stenophagous.

Comparing broad-leaved with coniferous 
tree species revealed a different pattern (Fig. 
8). Communities on beech and oak were 
dominated by polyphages (between 53% and 
69%). In contrast, this category represented 
37% at most of the community on spruce. 
Steno- and oligophagous species dominated 
the community on spruce (Fig. 8, Table 6). A 
similar pattern with comparable p-values oc-
curred regarding the number of specimens 
(KW-ANOVA). Results of a post hoc compari-
son are given in Table 6.

Even though the percentage of stenophag-
es was greater on spruce than on beech and 
oak, the mean number of stenophagous 
species per tree crown was lower on spruce 
(1.9) than on oak (2.1), with the lowest value 
recorded from beech (0.1). The number of 
habitat specialists showed a similar pattern. 
In this study, 11 oak-specialists, 3 spruce-
specialists, and no beech-specialists were 
found (Table 7). 

Habitat guilds

By far, most specimens and species caught 
in the present study inhabited the leaf area 
of tree crowns (Table 8). At Krumbach, con-
spicuous differences in habitat guild structure 

Miridae). This differentiation was made since 
host speci� city of species in category 2 was 
considered to be greater due to the phytopha-
gous habit of their nymphs.

The two categories were analysed sepa-
rately. Average numbers of aphidophagous 
Heteroptera of category 1 as well as category 
2 were signi� cantly different between beech, 
oak, and spruce (Fig. 7). Concerning catego-
ry 1, more specimens were caught on oak in 
comparison with beech and spruce at Hienhe-
im and at Krumbach in the year 2000 (p<0.01; 
Fig. 7a). At Krumbach, more aphidophagous 
Heteroptera were caught on oak and spruce 
in comparison with beech in 1999 (p<0.05; 
Fig. 7a). In this case, sampling started around 
two month later in comparison with the other 
years. Concerning category 2, more aphido-
phagous specimens were sampled on oak in 
comparison with beech and spruce (<0.05) at 
Hienheim and at Krumbach in the year 1999. 
However, in the year 2000 the difference be-
tween oak and beech was not signi� cant at 
Krumbach (Fig. 7b).

Feeding specialisation

No differentiation between phytophagous 
and zoophagous species was made, although 
stenophagous species were mostly phytopha-
gous whilst most zoophagous species were 
polyphagous. Only one predatory species, 

Tab. 8: Average percentage (mean) of different habitat guilds on total heteropteran communities. n.s. = not 
signi� cant.

site Krumbach Hienheim
year 1999 2000 1996 1997
tree species beech oak spruce beech oak spruce beech oak spruce beech oak spruce
specimens / habitat
vegetation 96.1 98.1 84.6 92.9 93.9 63.8 88.6 95.7 74.1 81.5 96.8 82.4
bark 2.5 0.7 6.7 2.3 2.1 10.1 4.0 1.9 5.6 13.0 1.5 7.1
eurytop 1.5 1.2 8.6 4.8 4.1 26.1 7.4 2.4 20.4 5.4 1.6 10.5
species / habitat
vegetation 89.4 92.5 78.1 86.5 85.4 62.7 82.9 83.1 74.1 76.2 85.9 77.6
bark 5.8 3.3 10.4 5.8 4.4 9.9 5.8 8.0 5.6 17.4 6.6 8.1
eurytop 4.9 4.2 11.4 7.7 10.2 27.5 11.3 8.9 20.4 6.4 7.6 14.3
KW-ANOVA F = 4.01; 

p<0.01
F = 4.91; 
p<0.01

n.s. n.s.
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Fig. 9: Ordination diagram based on a detrended correspondence analysis (DCA) of the heteropteran commu-
nities (relative abundance of species) in tree crowns of beech (�), oak (�), and spruce (�) at sites Ottobeuren 
(OTT), Krumbach (KRU), and Hienheim (HIE). Trees were pooled according to sites and years. MS = ‘central 
Swabia’. By way of illustration, different groups were separated by broken lines.

Fig. 8: Feeding specialisation (average percentage of species) of heteropteran communities on beech, oak 
and spruce.
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tween oak and spruce (p<0.05) - with re-
gard to species - were statistically signi� cant 
(Schaich-Hamerle post hoc test) (Table 8). 

Community structure

A correspondence analysis visualised the 
differences in community structure of Heter-

were detected (Tab. 8). Whilst the percentage 
of specimens and species of the vegetation-
guild was greater in broad-leaved tree spe-
cies, those of the eurytopic-guild were greater 
on spruce. However, only the differences 
in the vegetation-guild between beech and 
spruce (p<0.05) and between oak and spruce 
(p<0.01) -with regard to specimens-and be-

Tab. 9: Results of a Monte Carlo test (Indicator-values, p-values) for differences in densities of activity of het-
eropteran species (p<0.10) between beech (b), oak (o) and spruce (s). Total abundance is given in Appendix 
1. Since the same trees were sampled at site Hienheim in 1996/97, the two years were pooled. Author and 
year of species see appendix 1.
 
site Ottobeuren 1999 Krumbach 1999 Krumbach 2000 Hienheim 1996/97

b o s p b o s p b o s p b o s p
af� nity to beech
Campyloneura virgula 27 0 0 0.098
af� nity to oak
Anthocoris confusus 1 29 0 0.043
Cyllecoris histrionius 0 43 0 0.012 1 78 0 0.001 1 66 1 0.001 0 95 0 0.001
Deraeocoris lutescens 0 43 0 0.010 3 59 0 0.002 8 84 2 0.001 8 86 1 0.001
Dolycoris baccarum 0 44 0 0.007
Dryophilocoris � avoquadrimaculatus 0 71 0 0.001 4 63 0 0.002 9 53 0 0.008 1 61 0 0.001
Elasmostethus interstinctus 0 23 0 0.049 8 36 0 0.024
Harpocera thoracica 0 100 0 0.001 4 57 0 0.002 3 76 0 0.001 0 97 0 0.001
Isometopus intrusus 1 29 0 0.050
Miris striatus 0 56 0 0.003
Orthotylus tenellus 0 50 0 0.002 0 49 1 0.003
Palomena prasina 1 25 2 0.088 1 28 0 0.074
Pentatoma ru� pes 27 42 5 0.064
Phylus melanocephalus 0 43 0 0.006 0 46 0 0.001 0 50 0 0.002 0 100 0 0.001
Phytocoris dimidiatus 1 28 1 0.053 25 57 0 0.003
Phytocoris tiliae 0 25 0 0.059 15 49 0 0.011
Psallus albicinctus 0 42 0 0.007
Psallus mollis 6 88 1 0.001
Psallus perrisi 0 29 0 0.047 0 43 0 0.006
Psallus variabilis 0 38 0 0.003 0 58 0 0.001
Rhabdomiris striatellus 0 100 0 0.001 4 89 1 0.001 12 79 0 0.001 1 96 0 0.001
af� nity to spruce
Acompocoris alpinus 1 0 39 0.013
Atractotomus magnicornis 0 0 67 0.001 0 1 95 0.001 0 0 62 0.001 0 0 78 0.001
Cremnocephalus alpestris 0 3 40 0.030 0 0 40 0.001 1 0 30 0.082
Gastrodes abietum 3 0 49 0.001
Gastrodes grossipes 0 0 40 0.004
Orius minutus 0 0 33 0.008
Parapsallus vitellinus 0 2 28 0.091 0 1 50 0.003
Phytocoris intricatus 0 0 47 0.002
Phytocoris pini 0 0 33 0.060 0 0 44 0.007
Phytocoris reuteri 0 1 29 0.091
af� nity to beech/oak
Psallus varians 28 60 2 0.007 43 21 1 0.05 22 54 0 0.006
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Štepanovi�ová & Bianci 1999), but heterop-
teran communities are expected to change 
during tree maturation. 5) In some studies 
true bugs were not analysed separately (they 
were assigned to the sucker-guild, e.g. Moran 
and Southwood 1982, Kennedy and South-
wood, 1984 Southwood et al. 2004).

Diversity aspects

Due to the limited knowledge about the 
heteropteran communities living in the crowns 
of different tree species in Central Europe, 
an estimation of species richness is dif� cult. 
Dorow (2002) de� ned 16 species as charac-
teristic of beech, 51 for oak and 20 for spruce 
in Central Europe. In the present study 42 
species (33 species when ‘tourists’ were ex-
cluded) were found on beech, 58 (47) on oak, 
and 52 (28) on spruce. The asymptotic Shino-
zaki curves (Fig. 2a) indicate that the regional 
species were collected representatively.

As has been noted elsewhere (e.g. South-
wood and Leston 1959, Kennedy and South-
wood 1984, Brändle and Brandl 2001), this 
study emphasises the importance of oak as a 
habitat for true bugs. Numbers of specimens 
and species as well as average numbers 
per tree crown were conspicuously greater 
on oak than on beech and spruce (Fig. 2a, 
3, 4). One might expect that this was a con-
sequence of the three times greater number 
of specimens sampled from oak. Indeed, 
Hurlbert curves indicate a greater number 
of species on spruce and beech than on oak 
(Fig. 2b). This apparent contradiction might 
have two explanations. Either, communities 
on spruce were in� uenced considerably by 
‘tourist’ species. [Excluding ‘tourists’, diversity 
appeared very similar (Fig. 2b)]. Alternatively, 
the low number of individuals found on beech 
and spruce might be a tree-speci� c effect. 
This was demonstrated for beech canopies 
by Nielsen (1975) in Denmark. Several rea-
sons for the generally greater insect diversity 
on oak are conceivable. The speci� c microcli-
matic conditions of oak crowns (due to their 
open structure) might favour thermophilic and 
heliophilic species, as has been shown for 
Neuroptera by Gruppe and Schubert (2001). 
Additionally, evolutionary constraints might 

optera between the three tree species. The 
differences of heteropteran communities be-
tween oak, beech, and spruce were much 
greater than between sites or years, repre-
sented by a greater eigenvalue of Dimen-
sion 1 (0.573) in comparison with Dimension 
2 (0.202) in Figure 9. However, communities 
between the sites in central Swabia (Otto-
beuren, Krumbach) and Hienheim differed. 
A between-year separation occurred at the 
sites in central Swabia, where the sampling 
period differed between the two years of in-
vestigation.

The differences between tree species illus-
trated in the ordination diagram were caused 
by several heteropteran species that had a 
conspicuous af� nity to one of the trees studied 
(Tab. 9). Many species were found exhibiting 
a statistically signi� cant af� nity to oak, less to 
spruce, and only one species, Campyloneura 
virgula (Herrich- Schaeffer, 1835) (even if not 
statistically signi� cant, p<0.10) appeared to 
have an af� nity to beech (Tab. 9). 

Discussion

Only a few studies on communities of true 
bugs in crowns of trees native to Central Eu-
rope have been performed previously. A com-
parison of the results of the present study with 
the � ndings of previous studies on host plant 
speci� city is dif� cult for several reasons. 1) In 
none of the previous studies were the same 
tree species examined. 2) Only trees in urban 
areas were considered (Göllner-Scheiding 
1992). The urban fauna is known to be very 
distinct from that in closed forests (e.g. Win-
iarska 1990). 3) No previous study worked 
with the same sampling technique. However, 
it is known that different methods re� ected 
different parts of the community (Bußler et 
al. 2004). For example, Floren and Gogala 
(2002), who investigated the Heteroptera fau-
na in primary forest sanctuaries in Slovenia, 
used canopy fogging, whereas sampling by 
Nielsen (1975) in beech canopies of Denmark 
and by Štepanovi�ová (1972) in an oak-horn-
beam forest in Slovakia was performed by 
branch beating. 4) Often the age of sampled 
trees was not clear (e.g. Štepanovi�ová 1972, 
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tions are necessary for clari� cation of the 
high number of ‘tourists’ on spruce in the 
present study.

Seasonality

Adult true bug communities exhibited a typ-
ical seasonal activity pattern that was similar 
in both study regions and in all years of inves-
tigation. Species overwintering in their adult 
stage had the � rst abundance peak in spring, 
followed by species overwintering in their egg 
stage. Species that overwinter in adult as well 
as nymphal stages had their maximum activ-
ity in late summer. However, the communities 
on the three tree species in the present study 
exhibited conspicuous differences in phenol-
ogy within the groups 1) imago, 2) egg, 3) 
imago/nymph (Fig. 5).

1) Most species overwintering as adults oc-
curred on oak. Primarily, this was caused by 
one species, D. lutescens, an aphidophagous 
Miridae, found on broad-leaved trees (Wach-
mann et al. 2004). The high abundance of this 
species might be caused by high resource 
availability on oak. A second peak of imago-
overwintering species (new generation) was 
not observed.

2) Of the observed species which overwin-
tered as eggs, some are known to be typical 
spring-time bugs of oak (Wachmann et al. 
2004). The occurrence of these species, such 
as H. thoracica, D. � avoquadrimaculatus, C. 
histrionius and R. striatellus, followed, season-
ally, by Psallus species were the direct reason 
for the observed peak. The high abundance 
of Heteroptera in spring was also observed by 
Štepanovi�ová and Bianci (1999) in Slovakia 
and it may be assumed that the spring peak 
of phytophagous suckers observed on oak in 
the British Isles (Southwood et al. 2004) was 
due, in large part, to these species. On beech, 
a spring peak only occurred at Krumbach and 
this was caused primarily by R. striatellus and 
Psallus varians (Herrich-Schaeffer 1841). As 
supported by other studies, P. varians is one 
of the most abundant species in beech for-
ests (Nielsen 1975, Dorow 2002) and also 
common on single beech trees in urban areas 
(Göllner-Scheiding 1992). Lower population 
densities of P. varians were the main reason 

have led to a high number of specialists on 
oak (e.g. phytophagous beetles: Sprick and 
Floren 2008, this volume).

Interestingly, the percentage of ‘tourist’ 
species was much greater in the crowns of 
spruce than of beech and oak. This may be 
due to: 1) the different crown architecture of 
spruce, in comparison with the broad-leaved 
tree species, might have been more attractive 
as a resting place or for � nding a mate, and/or 
2) the community on spruce, which must be 
considered as an exotic species in the study 
area (Walentowski et al. 2001), not being 
saturated. This corresponds with the � nding 
of Goßner (2004) that on the introduced red 
oak (Quercus rubra L.) a greater percentage 
of species not typically known from broad-
leaved tree species (oak and beech) (= ‘tour-
ists’) was found (22%-31%) than on pedun-
culate oak (11%-14%) and beech (17%). On 
spruce, the percentage of species not typical 
for conifer species was 36% and on neophytic 
Douglas-� r [Pseudotsuga menziesii (Mirb.) 
Franco] 40% on average. These results in-
dicate that the heteropteran faunas of tree 
species that are non-native to a particular site 
are in� uenced by ‘tourists’ to a greater extent 
than those that are native.

Southwood (1961), Kennedy and South-
wood (1984) and Frenzel et al. (2000) dem-
onstrated that exotic tree species accumu-
late herbivores through time. Even though 
colonisation from taxonomically related tree 
species is more likely (Connor et al. 1980), 
host shifts from broad-leaved tree species to 
spruce might occur (cf. Strong et al. 1984). 
As Goßner et al. (2005) indicated in their 
study on aphidophagous insect communities 
in Bavaria, P. menziesii is utilised as a habi-
tat by the two predatory species Deraeocoris 
lutescens (Schilling, 1837) (Heteroptera) 
and Hemerobius micans Olivier, 1792 (Neu-
roptera), both known to prefer broad-leaved 
trees. The introduced Adelges cooleyi Gil-
lette (Hemiptera: Adelgidae) was considered 
to be an important food resource for these 
species. Another example is given by Winter 
(1974) with reference to conifer afforestation 
areas in Britain. He observed host shifts on 
conifers by insects feeding on abundant but 
unrelated moorland plants. Future investiga-



135Floren and Schmidl (eds.) 2008: Canopy arthropod research in Europe

nomenon might be the different habitat qual-
ity of deciduous and evergreen tree species. 
In deciduous trees, aphid abundance peaked 
during budbreak and early leaf development, 
coinciding with high food quality of developing 
leaves (Dixon 1987). Many omnivores, such as 
Psallus sp., C. histrionius, D. � avoquadrimac-
ulatus, and R. striatellus change their feeding 
habits during development. Mostly, nymphs 
feed on � ower resources (e.g. pollen) of de-
ciduous trees, whereas adults feed mainly on 
aphids and other small insects (Wachmann 
et al. 2004). This may be an adaptation to 
changing resource availability during their life 
cycle. Analysis of average activity densities 
of these species showed signi� cantly greater 
values on oak and beech in comparison with 
spruce (Fig. 7b). Due to low population den-
sities of P. varians, the dominant species of 
this guild occurring on beech, the difference 
in abundance could not be proven statisti-
cally at Hienheim. In contrast, food resources 
on spruce might be more evenly distributed 
over the year and this might have led to a 
greater percentage of zoophages as well as 
phytophages in comparison with omnivores. 
Within zoophages, Heteroptera that are 
mainly aphidophagous during both nymphal 
and adult stages were found in greater num-
bers on oak than on beech and spruce. As 
described above this pattern was due mostly 
to D. lutescens. Since sampling started one 
month later at Krumbach in 1999, a different 
pattern was observed there. On beech leaves 
only one specialised aphid species, the mon-
oecic Phyllaphis fagi L., occurs. With the ex-
ception of outbreak years of P. fagi, the food 
resource for aphidophagous D. lutescens 
is greater and more diverse on oak than on 
beech (Kennedy and Southwood 1984, Brän-
dle and Brandl 2001). Since no outbreak of P. 
fagi was observed during the years of this in-
vestigation, greater aphid abundance on oak 
might explain the corresponding high abun-
dance of D. lutescens.

The low number of mycetophages (Ara-
didae) captured in the present study (Fig. 6) 
may be due to: 1) � ight interception traps be-
ing unsuitable for collecting Aradidae, since 
the latter speci� cally target deadwood; 2) 
Aradidae being of minor importance in the 

for the lack of this peak at Hienheim. Dorow 
(1999, 2002) also found great � uctuations in 
abundance of this species between years. On 
spruce, the maximum adult activity of species 
overwintering in the egg stage, for example 
Atractotomus magnicornis (Fallén, 1807) and 
Cremnocephalus alpestris Wagner, 1941, oc-
curred later in the year, in comparison with 
broad-leaved tree species (Fig. 5). This is 
also suggested by the occurrence of these 
species in � ight interception traps 1.5m above 
ground level in the study by Dorow (2002).

3) Only four species belonged to the over-
wintering category imago/nymph, namely 
Pentatoma ru� pes (Linnaeus, 1758) and 
Aneurus avenius (Dufour, 1833) on beech 
and oak, Xylocoris galactinus (Fieber, 1836) 
(Anthocoridae) on oak and Gastrodes abie-
tum Bergroth, 1914 on spruce. Their activity 
peaks were observed in August, when mating 
took place in P. ru� pes (pers. obs.) and the 
new generation of G. abietum occurred (Wag-
ner 1966), respectively.

Observed patterns of seasonality of tree 
crown dwelling Heteroptera supports the 
idea of temporal niche partitioning. This cor-
responds with the � nding of Musolin and 
Saulich (1999) that Heteroptera use differ-
ent seasonal adaptions to survive and utilise 
resources successfully in temperate regions. 
Photoperiodic induction is suggested to be 
an important trigger for seasonal patterns in 
true bugs. However, temperature and water 
uptake might be decisive for the termination 
of egg diapause in many species (Wheeler 
2001). In phytophagous univoltine species 
that insert their eggs in woody plant tissue, 
the host-mediated (water uptake) termination 
of egg diapause might be an adaptation for 
helping to circumvent the unpredictable bud-
break of host trees (Wheeler 2001).

Guild structure: 

Feeding and habitat guilds

Feeding guild structures differed greatly 
between tree species. Whilst omnivores dom-
inated on broad-leaved trees, phytophagous 
and zoophagous species peaked on spruce 
(Fig. 6). A possible explanation for this phe-
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Feeding specialisation

The community on spruce was dominated 
by steno- and oligophagous species, whilst 
on oak and beech a greater percentage of 
polyphages was found (Fig. 8). This is sur-
prising since it is generally thought that oak 
provides habitat for many specialist species 
(e.g. Dorow 2002, Wachmann et al. 2004). 
In Germany, Dorow (2002) described most 
habitat specialists for Pinus (17 species), fol-
lowed by Quercus (15 species), Larix decidua 
(6 species), Betula spp. (5 species), and Acer 
spp. and Picea spp. (3 species each). No spe-
cialist species are given for Fagus sylvatica 
L. (Fagaceae) and Sorbus spp. (Rosaceae). 
The present study shows that the number of 
habitat specialists per tree crown is greater 
on oak than on spruce. Since, in total, sig-
ni� cantly more species were found on oak 
than on spruce, the reason for the low per-
centage of stenophages on the broad-leaved 
tree species might be the greater number of 
generalist species. It may be assumed that 
most species adapted to spruce in its natu-
ral habitat followed the expansion of spruce 
plantation during the last 400 years (e.g. Kai-
ser and Purps 1991). However, most of the 
stenophages found on spruce in the present 
study feed on one additional conifer species 
at least (Gogala pers. comm.), indicating a 
successful colonisation of spruce. 

Proportional guild uniformity

This study emphasises that guild structure 
differs between tree species. No proportional 
guild uniformity could be detected as predict-
ed by Moran and Southwood (1982), who in-
vestigated trees in temperate Britain and sub-
tropical South Africa. Stork (1987a) suggest-
ed that guild uniformity might be better sup-
ported by tropical forest trees. The constancy 
of proportions was similar in samples from 
groups of closely and distantly related trees 
in his investigation. Similar patterns were also 
observed by Davies et al. (1997) in their study 
on beetle canopy communities in Venezuela. 
Moran and Southwood (1982) suggested that 
leaf architecture might in� uence guild propor-
tions. In their study, broad- and narrow-leaved 

crown-layer deadwood (due, possibly, to the 
absence of their host-fungi); 3) an insuf� cient 
amount of suitable deadwood or 4) former in-
tensive forest management has resulted in a 
loss of saproxylic species. A recolonisation of 
those species has not occurred to date.

The importance of hypothesis 3) has been 
mentioned by Dorow (2002), who found no 
Aradidae during a three year study in forest 
nature reserves in Hesse and traced it to a 
low amount of deadwood at the study sites. 
This corresponds with the � nding that cut 
points (Müller and Hothorn 2004) of dead-
wood become suitable for snails (Müller et al. 
2005) and saproxylic beetles (Müller 2005). 
However, low availability of deadwood might 
not explain the � ndings of the present study, 
since some of the forest stands investigated 
(forest nature reserves, nature reserve) had 
large quantities of deadwood (Schubert 1998, 
Ammer and Schubert 1999, Ammer et al. 
2002). Furthermore, continuous availability 
of deadwood of different degrees of decom-
position is an important prerequisite for the 
survival of many saproxylic species (Nilsson 
and Baranowski 1997). Since there has been 
a long tradition in preserving old oaks in the 
forest of Hienheim (Rösler 1990), a continu-
ous availability of crown deadwood can be 
assumed. Strawinski (1950) and Vásárhelyi 
(1978, 1982) reported a greater abundance 
of Aradidae in eastern Europe compared with 
Central Europe. Future studies should esti-
mate the densities of and reveal the determin-
ing factors for the occurrence of Aradidae in 
tree crowns.

There was no difference in the number of 
species living on bark between tree species. 
The only bark-dependent species found in 
greater abundance on oak was Isometopus 
intrusus (Herrich-Schaeffer, 1835) (Table 9, 
Appendix 1). Generally, it may be assumed 
that older trees have a greater epiphyte load 
(lichens, mosses) and more deadwood and, 
therefore, offer more habitats for structure-
dependent heteropteran species, like Loric-
ula spp. (Microphysidae), Temnostethus spp. 
(Anthocoridae), Empicoris spp. (Reduviidae), 
and Aradidae.
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our study, 25% of all collected species were 
signi� cantly more abundant on oak than on 
beech and spruce (Table 9). Whether the ob-
served preference of these species for oak 
holds true when more tree species are con-
sidered remains to be seen.
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Appendix 1: List of species of Heteroptera sampled from tree crowns of beech, oak and spruce. EntGermNr. 
= Numbering of species in systematic order (Hoffmann and Melber 2003). Species of the Red List Germany 
(Günther et al. 1998) are marked: !!! = A 1, !! = A 2/3, ! = R. FG = feeding guild classi� cation (p = phytopha-
gous, z = zoophagous, o = omnivorous, m = mycetophagous, a = aphidophagous, ai = aphidophagous: imago 
only), HG = habitat guild (b = bark, v = vegetation, e = eurytopic), FS = Feeding specialisation (s = stenopha-
gous, o = oligophagous, m = mesophagous, p = polyphagous), ODS = overwintering developmental stage (e 
= egg, i = imago, in = imago/nymph), S = specialist (o = oak, s = spruce), T = ’tourist’ (b = on broad–leaved 
trees, c = on conifers). # = mainly nymphs and females that could not be determined to species level. For 
‘tourists’ no ecological data is given.
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93 Saldula saltatoria (Linnaeus, 1758) b 0 1 0 1
162 Loricula elegantula (Baerenspung, 1858) z (a) b p e 9 7 25 41
164 Loricula ru� ceps (Reuter, 1884) !!! z (a) b p e 0 0 1 1
167 Myrmedobia distinguenda Reuter, 1884 !! z (a) b p e 0 0 1 1
168 Myrmedobia exilis (Fallén, 1807) z (a) b p e 0 0 1 1
169 Isometopus intrusus (Herrich–Schaeffer, 1835) z (a) b o e 1 4 0 5
173 Campyloneura virigula (Herrich–Schaeffer, 1835) z (a) v p e 8 0 0 8
198 Deraeocoris trifasciatus (Linnaeus, 1767) z (a) v o e 0 2 0 2
200 Deraeocoris lutescens (Schilling, 1837) z (a) v o i c 145 694 27 866
217 Closterotomus biclavatus (H.-Schaeffer, 1835) o (a) v p e 0 2 0 2
221 Dichrooscytus intermedius Reuter, 1885 p v o e 0 1 12 13
223 Grypocoris sexguttatus (Fabricius, 1777) c 0 0 1 1
230 Miris striatus (Linnaeus, 1758) z v p e 0 10 0 10
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242 Phytocoris dimidiatus Kirschbaum, 1856 o v p e c 35 36 3 74
243 Phytocoris hirsutulus Flor, 1860 !! z b p e 1 1 0 2
244 Phytocoris intricatus Flor, 1860 o (a) v p e b 0 2 16 18
245 Phytocoris longipennis Flor, 1860 o v p e c 8 6 3 17
246 Phytocoris pini Kirschbaum, 1856 z (a) v o e 0 0 25 25
248 Phytocoris reuteri Saunders, 1875 z v p e c 0 1 7 8
249 Phytocoris tiliae (Fabricius, 1776) o v p e c 16 17 2 35
251 Rhabdomiris striatellus (Fabricius, 1794) o (ai) v p e o c 63 726 26 815
259 Camptozygum aequale (Villers, 1789) p v s e 0 0 4 4
271 Lygocoris viridis (Fallén, 1807) p v o e 0 1 0 1
274 Lygus gemellatus (Herrich–Schaeffer, 1835) c 0 0 1 1
276 Lygus pratensis (Linnaeus, 1758) p v p i 1 3 0 4
285 Pinalitus atomarius (Meyer–Dür, 1843) !!! b 0 1 0 1
287 Pinalitus rubricatus (Fallén, 1807) p v m e 0 0 5 5
335 Orthocephalus coriaceus (Fabricius, 1777) b 0 1 0 1
347 Cyllecoris histrionius (Linnaeus, 1767) o (ai) v p e o c 6 121 5 132
349 Dryophilocoris � avoquadrimaculatus (Deg, 1773) o (ai) v p e o c 21 157 4 182
377 Orthotylus tenellus (Fallén, 1807) o (ai) v o e c 0 19 1 20
394 Cremnocephalus alpestris Wagner, 1941 o (a) v s e s b 2 1 28 31
406 Atractotomus kolenatii (Flor, 1860) !! o v o e b 1 0 1 2
407 Atractotomus magnicornis (Fallén, 1807) o (a) v s e s b 4 2 168 174
431 Harpocera thoracica (Fallén, 1807) o v p e o c 18 224 2 244
445 Megalocoleus tanaceti (Fallén, 1807) c 0 0 1 1
452 Parapsallus vitellinus (Scholtz, 1846) p v s e b 2 2 40 44
454 Phoenicocoris modestus (Meyer–Dür, 1843) p v m e 0 0 1 1
455 Phoenicocoris obscurellus (Fallén, 1829) p v m e b 0 1 1 2
457 Phylus melanocephalus (Linnaeus, 1767) o v s e o 0 51 0 51
470 Psallus variabilis (Fallén, 1807) z (ai) v s e o 0 32 0 32
471 Psallus wagneri Ossiannilsson, 1953 o (ai) v s e o 0 1 0 1
472 Psallus ambiguus (Fallén, 1807) o (a) v p e 0 1 0 1
476 Psallus piceae Reuter, 1878 o (ai) v s e s 0 0 1 1
479 Psallus albicinctus (Kirschbaum, 1856) o (ai) v s e o 0 18 0 18
486 Psallus lepidus (Fieber, 1858) o (ai) v s e c 0 2 1 3
486 Psallus perrisi (Mulsant & Rey, 1852) o (ai) v s e o c 1 36 2 39
487 Psallus mollis (Mulsant, 1852) o (ai) v s e o c 41 185 7 233
489 Psallus salicis (Kirschbaum, 1856) o (ai) v s e 0 4 0 4
490 Psallus varians (Herrich–Schaeffer, 1841) o (ai) v o e c 157 192 37 386
502 Himacerus apterus (Fabricius, 1798) z b p e 1 1 4 6
510 Nabis pseudoferus Remane, 1949 z (a) e p i 10 17 16 43
513 Acompocoris alpinus Reuter, 1875 z (a) v o i b 3 0 11 14
515 Acompocoris pygmaeus (Fallén, 1807) z (a) v o i 0 0 1 1
518 Anthocoris confusus Reuter, 1884 z (a) v s i 11 4 1 16
522 Anthocoris nemoralis (Fabricius, 1794) z (a) v o i 1 0 0 1
533 Temnostethus gracilis Horváth, 1907 z (a) b p i 3 18 0 21
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535 Temnostethus pusillus (Herrich-Schaeffer, 1835) z (a) b p i 12 4 0 16
542 Orius majusculus (Reuter, 1879) z e o i 1 0 2 3
543 Orius minutus (Linnaeus, 1758) z (a) e p i 5 10 25 40
555 Xylocoris galactinus (Fieber, 1836) z b p in 0 1 0 1
566 Empicoris vagabundus (Linnaeus, 1758) z (a) b o i 2 1 5 8
577 Aneurus avenius (Dufour, 1833) m b o in 1 1 0 2
619 Kleidocerys resedae (Panzer, 1797) p v m i c 8 7 1 16
656 Gastrodes abietum Bergroth, 1914 p v s in b 11 9 26 46
657 Gastrodes grossipes (De Geer, 1773) p v s i b 13 4 21 38
729 Piesma maculatum (Laporte, 1833) c 0 0 1 1
769 Brachycarenus tigrinus (Schilling, 1829) c 0 0 1 1
813 Troilus luridus (Fabricius, 1775) z e o l 4 4 3 11
816 Aelia klugii Hahn, 1831 b 1 0 0 1
828 Chlorochroa pinicola (Mulsant & Rey, 1852) ! p v s i b 4 1 7 12
829 Dolycoris baccarum (Linnaeus, 1758) p e p i 0 5 0 5
831 Palomena prasina (Linnaeus, 1761) p e p i c 4 12 2 18
832 Palomena viridissima (Poda, 1761) p e p i 0 1 0 1
840 Pentatoma ru� pes (Linnaeus, 1758) o v p in c 73 78 59 210
859 Acanthosoma haemorrhoidale (Linné, 1758) p v m i c 2 0 1 3
861 Elasmostethus interstinctus (Linnaeus, 1758) p v m i c 4 12 1 17
862 Elasmostethus minor Horváth, 1899 p v m i 0 1 0 1
865 Elasmucha grisea (Linnaeus, 1758) p v o i 3 1 0 4

# Loricula sp. 1 2 10 13
# Miridae sp. 1 1 1 3
# Mirinae sp. 2 0 0 2
# Orthops sp. 1 0 0 1
# Phytocoris sp. 15 9 43 67
# Orthotylinae sp. 1 0 5 6
# Psallus (Hylopsallus) sp. 9 12 1 22
# Psallus (Psallus) sp. 18 14 7 39
# Nabis sp. 0 0 1 1
# Anthocoridae sp. 6 3 9 18
# Lygaeidae sp. 0 0 1 1
# Gastrodes sp. 1 0 4 5
# Pentatomidae sp. 3 8 8 19
# indet. juv. 132 178 88 398

specimens 907 2984 826 4717
species 42 58 52 79
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