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Urban trees as habitats

Arthropod diversity in canopies of street trees

Dr. Susanne Böll, Kopenhagen, 16.11.2023
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Dr. Susanne Böll          Stadtbäume im Klimawandel

2015: 10 test tree species
Versuchsbaumarten dt. Name

Acer opalus Schneeballahorn

Acer rubrum Somerset Rotahorn "Somerset"

Eucommia ulmoides Guttaperchabaum

Juglans nigra Schwarznuss

Malus tschonoskii Wollapfel

Platanus orientalis Morgenländische Platane

Sorbus latifolia Henk Vink Breitblättrige Mehlbeere

Tilia americana Redmond Amerikanische Linde

Tilia mongolica Mongolische Linde

Ulmus Rebona Ulme

Need of more urban

tree species !

Urban Green 2021+   stress-tolerant urban trees
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Urban Green 2021+   stress-tolerant urban trees

Native tree species

Dr. Susanne Böll          Stadtbäume im Klimawandel

*

(O. Schmidt 2021, cf. Brändle & Brandl, 2001)

phytophagous insect species on native 

tree genera

Biodiversity potential of native tree genera
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2017: case study with 3 pairs of closely

related tree species (5 trees/ species)

Do non-native street tree species show a  comparable arthropod diversity?

Lehrstuhl für Tierökologie 
& Tropenbiologie der

Urban Green 2021+   stress-tolerant urban trees

native tree species

Southeastern European 

tree species

Tilia cordata  Greenspire Tilia tomentosa  Brabant

Fraxinus excelsior  Westhofs Glorie Fraxinus ornus

Carpinus betulus  Frans Fontaine Ostrya carpinifolia



Folie   5

Study site: Würzburg, industrial area

100 m

OpenStreetMap

Fexc5

Fexc1 Fexc2 Fexc3 Fexc4

Dr. Susanne Böll          Stadtbäume als Lebensraum
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Methods

Urban Green 2021+   stress-tolerant urban trees
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Comparative studies on insect diversity in the canopies of native and South-eastern 
European urban tree species, April - October 2017

Dr. Susanne Böll          Stadtbäume im Klimawandel

Window trap

cooperation: Dr. D. Mahsberg

master student R. Albrecht

Knocking deviceSticky traps

Do non-native urban tree species show a comparable insect diversity?

Urban Green 2021+   stress-tolerant urban trees
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Species determination by taxonomists:

Predators: spiders

Herbivores: leaf beetles and weevils

Sucking insects: cicadas, bugs

Nectar collectors, predators: hymenoptera

(wild bees, wasps, bumble bees …)

Urban Green 2021+   stress-tolerant urban trees



Folie   9 Dr. Susanne Böll          Stadtbäume im Klimawandel

Urban Green 2021+   stress-tolerant urban trees



Folie   10 Dr. Susanne Böll          Stadtbäume als Lebensraum

Artbestimmung durch Taxonomen:

Räuber: Spinnen

Blattfresser: Blatt- und Rüsselkäfer

Sauger: Zikaden, Wanzen

Nektarsammler, Räuber: Hautflügler

(Bienen, Wespen, Hummeln …)

804 window traps
390 knocking samples

416 yellow sticky traps     
►►►

23.883 insects und spiders from window traps and knocking samples
ca. 70.000 from yellow sticky traps

=
A total of more than 90.000 arthropods!

Urban Green 2021+   stress-tolerant urban trees
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Abundance ratios

Composition of the tree canopy communities at order level

Window traps + knocking samples: n=23.883 individuals

► 17  insect orders

+ spiders

40,8%

Urban Green 2021+   stress-tolerant urban trees

flies & midges

beetles

40,8% 17,8%

15,9%

13,8%
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cumulative curve

Seasonal dynamics of arthropod communities

Urban Green 2021+   stress-tolerant urban trees
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Seasonal dynamics

Dominant taxa

beetles

Urban Green 2021+   stress-tolerant urban trees
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Seasonal dynamics

Dominant taxa

Urban Green 2021+   stress-tolerant urban trees
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* p<0,01

► Native urban trees harbour significantly more 

individuals than Southeastern European species
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* p<0,01
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N=1181

Thripse
N=674

Pflanzensauger
N=4264
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* p<0,01

*

*

spiders

thrips

sucking insects

beetles

hymenoptera

flies + midges
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* p<0,01

*

*

*

*
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Predatory antagonists of aphids

► Bsp. ladybugs + rove beetles

Dr. Susanne Böll          Stadtbäume als Lebensraum

http://www.lwg-design3.bayern.de/weinbau/rebschutz_lebensraum_weinberg/12957/

hornbeam hop hornbeam common ash   manna ash    winter linden   silver linden   

Weinreich 1968  

Urban Green 2021+   stress-tolerant urban trees
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predatory antagonists of aphids

► Bsp. ladybugs + rove + beetles

Dr. Susanne Böll          Stadtbäume als Lebensraum

http://www.lwg-design3.bayern.de/weinbau/rebschutz_lebensraum_weinberg/12957/

Weinreich 1968  

hornbeam hop hornbeam common ash   manna ash    winter linden   silver linden   

Urban Green 2021+   stress-tolerant urban trees

aphids
ladybugs
ants

aphids
ladybugs
rove beetles

n
o

. 
o

f
in

d
iv

id
u

a
ls

n
o

. 
o

f
in

d
iv

id
u

a
ls



Folie   20

predatory antagonists of aphids

► Bsp. ladybugs + rove beetles

Dr. Susanne Böll          Stadtbäume als Lebensraum

http://www.lwg-design3.bayern.de/weinbau/rebschutz_lebensraum_weinberg/12957/

Weinreich 1968  

hornbeam hop hornbeam common ash   manna ash    winter linden   silver linden   
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A. cineraria

L. pauxillum

Hymenoptera    42 families,  3301 individuals
L. malachurum

H. scabiosae

B. terrestris

Fotos: 

A.c., A.n., H.s., L.m.,  L.p. 

aus: Scheuchl & Willner (2016);

B.t. Dieter Mahsberg

Hymenoptera

A. nigroaenea

Urban Green 2021+   stress-tolerant urban trees

Individuals (%)
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Dr. Susanne Böll          Stadtbäume als Lebensraum

Wild bees

Eucera nigrescens

Halictus maculatus

Halictus scabiosae

Halictus simplex

Halictus subauratus

Halictus tumulorum

Heriades truncorum

Hylaeus communis

Hylaeus gredleri

Lasioglossum calceatum

Lasioglossum glabriusculum

Lasioglossum interruptum

Lasioglossum laticeps

Lasioglossum lativentre

Lasioglossum leucozonium

Lasioglossum cf lineare

Lasioglossum malachurum

Lasioglossum morio

Lasioglossum nitidulum

Lasioglossum pauxillum

Lasioglossum politum

Lasioglossum pygmaeum

Lasioglossum xanthopus

Osmia bicornis

Osmia cornuta

Sphecodes ephippius

Sphecodes ferruginatus

Apis mellifera

Bombus bohemicus

Bombus hortorum

Bombus hypnorum

Bombus lapidarius

Bombus pascuorum

Bombus pratorum

Bombus rupestris

Bombus sylvarum

Bombus terrestris

Andrena

chrysosceles

Andrena cineraria

Andrena dorsata

Andrena flavipes

Andrena fucata

Andrena fulva

Andrena gravida

Andrena haemorrhoa

Andrena jacobi

Andrena labialis

Andrena minutula

Andrena mitis

Andrena nigroaenea

Andrena nitida

Andrena ovatula

Andrena praecox

Andrena tibialis

Andrena vaga

Andrena varians

Colletes cunicularius

Wild bee species (n=57) in canopies of the trees
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Wild bees

pollen feeder

n=52

brood parasites

polylectic

oligo-

lectic
meso-

lektic

Degree of pollen specialisation

soil nister

n=52

Nesting sites

others

Urban Green 2021+   stress-tolerant urban trees

Wild bee species (n=57) in canopies of the trees



Folie   24 Dr. Susanne Böll          Stadtbäume als Lebensraum

Species diversity

Wild bee species (n=57)

Kruskal Wallis   ANOVA  p=0,29

Urban Green 2021+   stress-tolerant urban trees
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Species diversity

heimisch

südosteuropäisch

Kruskal Wallis

p=0,02

Cicada      58 species, 555 individuals

Fotos: R. Albrecht

Zwergzikaden

Schaumzikaden

Käferzikaden

Urban Green 2021+   stress-tolerant urban trees
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Species diversity

heimisch

südosteuropäisch

Kruskal Wallis

p=0,02

Cicada      58 species, 555 individuals

Fotos: R. Albrecht

Zwergzikaden

Schaumzikaden

Käferzikaden

*

native

SE European
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Species diversity

Dominance curve of the 20 most common cicada species

0 10 20 30 40 50 60 70

Allygus communis $

Hardya tenuis %

Oncopsis carpini *

Orientus ishidae * #

Allygus modestus $

Fagocyba cruenta *

Edwardsiana lethierryi *

Issus coleoptratus $

Zygina spec. *

Dryodurgades reticulatus %

Zonocyba bifasciata *

Megophthalmus scanicus %

Edwardsiana flavescens *

Zyginella pulchra %

Alebra wahlbergi *

Fieberiella florii *

Acericerus ribauti %

Alebra neglecta *

Philaenus spumarius %

Javesella pellucida %

individuals

Urban Green 2021+   stress-tolerant urban trees
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Species diversity

Green strip as an essential partial habitat

Urban Green 2021+   stress-tolerant urban trees
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Species diversity

Bugs       81 species, 900 individuals

heimisch

südosteuropäisch

Kruskal Wallis-

ANOVA  p=0,05

43% of the bug species are

dependent on green strips!

Urban Green 2021+   stress-tolerant urban trees
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Heteroptera – species diversity

Arenocoris waltli Tilia tomentosa

Brachynotocoris puncticornis Fraxinus excelsior

Peritrechus gracilicornis F. excelsior, F. ornus

Missing species: RL Bayern: 0

dry grassland, sandy turf:  RL  Bayern

Arenocoris waltli

Schmolke et al. 2006, Beiträge zur 

bayerischen Entomofaunistik 8 

immigrantsMegalonotus emarginatus Fraxinus excelsior

Megalonotus praetextatus Fraxinus excelsior

Taphropeltus contractus F. excelsior, Ostrya carpinifolia

Peritrechus gracilicornis F. excelsior, F. ornus

Emblethis griseus Ostrya carpinifolia

Deraecoris flavilinea (1990) alle Arten

Orsillus depressus (Ende 1970) Ostrya carpinifolia

Oxcarenus lavaterae (2004) Tilia cordata

Urban Green 2021+   stress-tolerant urban trees

Bugs       81 species, 900 individuals
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Sorbus latifolia Henk Vink

2021/2022

heimisch nicht-heimisch

2021 Fraxinus excelsior 'Westhofs Glorie' Alnus x spaethii (AS)

Ulmus x Lobel Fraxinus pennsylvanica 'Summit' (NA)

Liquidambar styraciflua (NA)

Quercus frainetto 'Trump' (SO-EU)

2022 Acer platanoides 'Emerald Queen' Acer opalus  (S-EU)

Sorbus latifolia 'Henk Vink' Eucommia ulmoides (AS)

Tilia americana 'Redmond' (NA)

Ulmus 'Rebona' (AS)

AS        Asien
S-EU    Südeuropa
SO-EU Südosteuropa
NA       Nordamerika

Continued biodiversity studies

Urban Green 2021+   stress-tolerant urban trees

native non-native

AS        Asia
S-EU     S-Europe
SE-EU   SE-Europe
NA        North America
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wild bees species diversity

Dr. Susanne Böll          Stadtbäume im Klimawandel

*

2017 2021p > 0.05 p > 0.05

p = 0.01 2022

B. rupestris / B. lapidariusNomada flava

Adrena fulva

Fotos: P. Geisendörfer

Urban Green 2021+   stress-tolerant urban trees
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Leaf vs. canopy temperatures

Dr. Susanne Böll          Stadtbäume im Klimawandel

*

2021

Urban Green 2021+   stress-tolerant urban trees

leaf temperature canopy temperature2019
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Species diversity

Number of species caught in different taxa in three 

study years

Kruskal Wallis   ANOVA  p=0,29

Urban Green 2021+   stress-tolerant urban trees

2017 2021 2022

spiders 30 37 42

bugs 58 50 64

cicada 81 79 50

phyt. beetles 52 57 56

wild bees 57 60 55

278 283 267

2017 2021 2022

no. individuals 23.883 23.802 23.662



Folie   35 Dr. Susanne Böll          Stadtbäume als Lebensraum

2017

Urban Green 2021+   stress-tolerant urban trees

2021

1    :    2

1    :    2

2022

► Highest biodiversity: mixed planting of tree species + green strips!
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Conclusion

• Connecting green strips (instead of individual tree pits) 

serve as an essential partial habitat for many tree-living 

insects.

• Street trees not only serve as feeding and nesting sites, but 

also provide important shade.

• Non-native tree species contribute to urban biodiversity in 

tree canopies.

• Sucking insects show the strongest preferences with regard 

to the tree species or genus.

• Depending on the genus, non-native tree species are also 

accepted by oligotrophic plant suckers (e.g. Alnus x 

spaethii).

• Alleys with mixed tree species harbor a much higher 

diversity of arthropods than alleys with only one tree 

species. They also counteract the spread of steadily 

increasing new plant diseases and pests.
Magnolia kobus

Urban Green 2021+   stress-tolerant urban trees
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Many thanks to my colleagues Dr. Dieter Mahsberg and Dr. Marcell Peters 

of the University of Würzburg, to our master and bachelor students and all 

taxonomists!

Acknowledment
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Thanks for your attention!
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