How to reduce trade-offs between supporting and
regulating ecosystem services from urban and peri-urban
forests?
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Karlsruhe and global change

Urbanization

Karlsruhe is vulnerable to the double
trouble of climate change impacts and
urbanization (DWD 2016, Rannow et al.
2010, Siedentop and Fina 2010)

The number of hot days (>25°C)
was 50 in 2010s — will increase to 70
by 2040s! (Government of Baden-
Wdrttemberg, Stuttgart)
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5 challenges of Karlsruhe‘s urban and peri-urban forests

1. Crown damage and die-back of trees inside built-up
areas of the cities

2. Crown damage and die-back of trees in peri-urban
forest stands

3. Densification: the decline of above and below-ground
spaces for the trees

gliversity loss

58 C nges in tree care and management due to lack of
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Some ecosystem services and trade-offs

Karlsruher Institut fiir Technologie

lllllllll

nnnnnnnnnnnn



Ecosystem services
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UPFs inventory in Karlsruhe and Rheinstetten
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201 Plots 2968 Trees 105 SPecies  (used European Forest
(used i-Tree-Eco and i-Tree-Pest detection field guide) ~ Institute’s microhabitat

field guide)
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Ecosystem
(201 plots)

Agricultural areas

Artificial surfaces

services assessed from 2968 trees

Forest and seminatural areas

Type of Ecosystem | Name of ecosytem Measurement Standard error of Standard error of Standard error of
. . X . Mean Mean Mean
services services (Benefits) unit mean mean mean
Leaf biomass kg/ha 414.36 155.33 969.18 257.26 5972.28 418.60
Edible values score 278 1.24 2.67 071 30.47 3.35
L Medicinal values score 285 1.26 333 093 3592 350
Provisioning
Ornamental values score 1.41 062 2.31 074 13.27 184
Others score 0.80 0.30 1.85 055 16.48 2.18
Carbon Storage kalyr 276.11 101.00 505,87 116.86 3602.21 350.89
Gross Carbon
Sequestration kalyr 18.07 576 2863 521 17203 7.86
Potential
Evapotranspiration AT 6.95 253 18.23 5.61 10301 6.89
Cueva, J.,..., Sah a, S. 2022 Evaporation ey 155 0.56 4.06 125 22.88 153
- st Transpiration m2yr 1.31 0.48 3.44 1.06 19.37 1.30
(SUStalnabIe C|t|eS and Water Intercepted m3lyr 1.56 0.57 4.07 125 22.95 1.54
SOCIth) Regulating Avoided Runoff myr 0.26 0.10 0.71 023 3.94 0.28
. . . Oxygen Production kg/yr 48.18 15.37 76.37 13.89 458 .85 20.95
https://www.sciencedirect.com tsoprens oy o187 bl g bt s2083 o
/Sc|ence/art|C|e/abs/p||/522106 Monoterpene glyr 2832 21.27 102.72 34.68 62552 81.24
03 alyr 114.18 41.49 299.15 9193 1690.50 113.16
NO2 glyr 4208 15.29 110.24 33.88 622 96 41.70
502 glyr 351 1.28 9.20 283 52.04 3.48
PM2.5 alyr 6.46 235 16.95 521 95.71 6.41
Tree microhabitat 24 69 9.16 3731 1051 12533 14.31
abundance count
Tree microhabitat
Supporting richnas§ count 3.02 1.07 3.26 080 19.38 1.87
Tree species
diversity Shannon index 0.17 0.06 0.46 0.07 124 0.06
Tree structure
diversity Gini coefficient 0.58 0.07 0.52 0.04 0.70 0.02

Karlsruher Institut fiir Technologie




Trade-offs between ES

Artificial surfaces

a) Provisioning b) Supporting _ c) Regulating

POTENTIAL [
SUPPLY

f) Provisioning
and regulating ES

d) Provisioning and
", supporting ES

e) Regulating and
supporting ES

Qi va, J.,..., Saha, $+2022 L
tistainable Cities and Society) a— " chatzuing
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Microclimatic modeling and linking to tree
cover and urban morphology during
heatwaves
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Cooling increased with tree cover percentage and proximity to green

space
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Crown damage of solitary trees
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Crown damage in solitary trees
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100 1

80+

Percentage of trees

20 1

60 1

401

Crown damage in solitary trees

n= n= B
44,743 34,239
100
80
60 4
40 1
74.3% 73.8%
204
T T 0
March - October -

September February

Season of last
tree inspection

(Percentage damaged)

43 526

)
| R

77.3%

6, 232 4917 19,072 5814

8.0% ® No difference in terms of
the season of tree
Inspection

20.6%

® Street trees have the
lowest crown damage

fee e TR esew (pruning effect!)
® Trees in ,other exterior
Gr('een Repfe'ationa[ Egteriarfacél- Green ’spaces. Otagr faCIIItIeS have the hlgheSt
P e alﬁ'(?%é’f;;:{.-ﬁn ‘;321}22‘3 faciies crown damage
institutions gardens
for children

Type of tree site

Tree condition 0-10% >10 - 25% >
- - 25-60% . > 60 - 90% . > 90 - 100% (IT m Institut fir
SJ! Technikfolgenabschatzung
und Systemanalyse
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Crown damage in solitary trees

Winter-Linde ‘Greenspire’ (Tilia cordata ‘Greenspire’)
Rotebluhende Rofikastamie (Aesculus x camea)
Amberbaum (Liquidambar styracifiua) -

Gewshnliche Platane (Platanus x acenfolia) -
Winter-Linde (Tilia cordata) q

Rofikastanie (Aesculus hippocastanum) 1
Vogelkirsche 'Plena’ (Prunus avium Plena’)
Krim-Linde (Tilia x euchlora) 4

ltalienische Saulen-Pappel (Populus nigra ltalica’) 1
Nelken-Zierkirsche (Prunus serrulata ‘Kanzan') 4
Baum-Hasel (Corylus columa) 7

Feld-Ahom (Acer campestre) 7

Gemeine Esche (Fraxinus excelsior)

Chinesische Wild-Bime (Pyrus calleryana ‘Chanticleer’) -
Japanische Blitenkirsche (Prunus semulata) |
Amerikanische Rot-Eiche {Quercus rubra) -
Spitz-Ahorn ‘Globosum’ (Acer platanoides ‘Globosum’)

Baumart

Walnuss {Juglans regia) 4
Vogelkirsche (Prunus avium) -
Spitz-Ahom (Acer platanoides) -
Hainbuche (Carpinus betulus)
Stiel-Eiche {Quercus robur) -
Sand-Birke (Betula pendula) 1
Schnurbaum (Sophora japonica) 4
Berg-Ahom (Acer pseudoplatanus) 4
Schwarz-Erle (Alnus glutinosa) 1
Scheinakazie (Robimia pseudoacacia)
Rot-Buche (Fagus sylvatica) 7
Waldkiefer (Pinus sylvestris) 1

Silber-Weide (Salix alba) o

Baumkataster Karlsruhe: Die Vitalitat der 30 haufigsten Baumarten im Vergleich

94.3%
89.9%
904%

28 out of 30 spemesg;l.yad 10% or more crov 1;?;% 1-;;‘;

— 2.5%. 2.0%
O

damage (conifers had more dieback)

American sweetgums, planes)

Heighest damage (Willows, scot pines
beeches, alders, afyd sycamores)

84.8%

78.1%

Lowest damage (limes, horse-shoe

Tolerance to dreught and soil compa cti

reduced diebdck

68.1%

Dieback mcréased with tree-height

34.5%

42.7%

n=1389
n=1046
n =653
n=3741
n= 3080
n=2133
n =906
n=1946
n=598
n =608
n=1042
n = 4521
n = 3965
n=901
n =567
n= 2467
n=621
n = 1086
n=2114
n=9859
n= 4531
n=6150
n=1147
n =587
n=1912
n =853
n=1350
n=622
n=746
n=858

0

Schobert, M. and Saha, S. in review
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Crown damage in stand-forming trees of peri-urban forests

A

* Inventory plots (68)
B Forest and semi-natural areas
Artificial surfaces
Agricultural areas

o . 4 Aé_;-.f“

N‘plots =68 —n Nirees = 2,578

{2 Crown die-back in Hardtwald,
"“ a peri-urban municipal forest of Karisruhe

I\ Photograph and h
Somidh Saha
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Magnolia » soulangeana

Crown damage in stand-forming
trees of peri-urban forests Pt

Fraxinus excelsio

Populus alba -
Sambucus nigra -
Betula pendula -

Crataegus monogyna -

* 14 out of 28 native species had more than s renea-

Taxus baccata -

10% crown die-back

Salix alba -

Alnus glutinosa -

« Xylem cavitation tolerance and drought

Sorbus aucuparia =

",

tolerance reduced dieback § e S———
- Competition (stem density) increased S — e S :
H Acer pseudoplatanus-  [———— *** -
dieback s avetors- R EVISR N
. = . Fagus Sy!va.!ica- B ccccccccccccs .
 Highest dieback (spindles, Norway Nowpond . — T T
Jspruces, silver firs, ashes, white poplars) " mg T L
. campinus betuivs-  [[II———* *° ¢
Ijowest dieback (black poplars, summer somrcarear S
limes, Norway maples, red oaks, field e —
maples) e —
Acer negundo=- |

Lyu, H. and Saha, S}
Photograph: Somidh

Crown dieback (%)



Case study on native and exotic oaks

Karlsruher Institut fiir Technologie
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Quercus robur L. (Native Pedunculate Oak or
Stieleiche)

™
b

The Great Allerton Oak of Calderstones
s Liverpool (1000 years old)

y e oak trees in Karlsruhe owned by the Horticulture Department (Gartenbauamt)

ivepsity, economic and cultural value - Institut
e a2 UG
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Quercus rubra L. (Exotic North American Red Oak or
Roteiche)

0

Habitus Red oak leaves and acorns
old Arboretum, Harvard, USA)

J Germany in 18th/19th century
ecimen we have studied in Karlsruhe was 150 years old in a park
< trees in Karlsruhe owned by the Horticulture Department (Gartenbauamt)
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Working hypotheses

In Karlsruhe city, exotic Q.rubra (red oak) trees have better
performance than native Q. robur (pedunculate oak) trees in:

® H1) radial growth;
® H2) tolerance to drought;
® H3) internal trunk defect;
0 I-M)mgalth symptoms such as crown die-back;
HS5) 1 licrohabitat provisions and bat diversity;

nd those responses varied between growing
dments (park vs. street) and other factors.

ﬁ(ll rt!JS nnnnnnnnnnnnnnnn




Tree microhabitats, bats, and health symptoms:
Dataset 1

: Species origin:
Tree habitats: native vs.
street vs. park exotic

~ N
Tree health T.ree rela_ted Bat activity
N=167 microhabitats N=41
N=167

\_ _J [

[ ]
Institut fir
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Tree microhabitats, bats, and health symptoms:
Dataset 1

Trees selection for health and |

microhabitats
= Diameter at 1.3 m height/DBH > 20CM
= Random selected

= 42 trees for each category

street vs. park
native vs. non-native

28 )

Land cover classes Karlsruhe
Urban area
|| Industrial, commercial and transport areas
|1 Artificially created non-agricultural land

one tree died during field data colleciton

2 i
b -:'-"-"’“' S

Trees selection for bat activity

| 167 Oaks Al
*" - | @ Quercus rubra Park |

' | ® Quercus rubra Street : o §
1| O Quercusrobur Park | P
@® Quercus robur Street | 0 1 2 3
# 41 Audiomoth Trees




Tree microhabitats, bats, and health symptoms:

Dataset 1

Tree ID
Street/Park tree

Number of cut branches
Dieback

Total height

Height to crown top
Height to crown base
Crown width

Crown missing

Impervious beneath

canop

Shrub cover beneath

canop
Crown Light Exposure
CLE

Crown openness %

-‘I

ree stress
picormic sprouts

ilted foliage

ree stress notes
ree stress area
Defoliation

oliage and twigs area
oliage and
igs notes

symptoms of jnsect

branches and

ocation
oose bark

Dieback |
Abiotic stress

Discoloured

foliage |
Abnormal |
foliage |
BB insectsigns

presence |
Diseasesigns |

bole notes

Epicormic shoots Crown dieback

Defoliation Discoloured foliage

Four of 11 observed tree health symptoms were
involved in the calculation of tree health score

[}
Institut fir
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Tree microhabitats, bats, and health symptoms:

Dataset 1

* Insect galleries and boreholes | |

- 1 @/
« Dendrotelm 31’& \yJ
™~

« Bark loss U

by

4 “l‘ ,
. Bark shelter H
A

* Bark pocket

* Dead branches

* Remaining limb

«  Epicormic shoots
*  Bryophytes

* Foliose and fruticose
* vy and lianas

*« \Vertebrate nest

* Microhabitat score/abundance:
Normalized data of all microhabitat variables,
which occurred on at least 20 trees

Microhabitat richness:

counting of microhabitat types on each tree

Twelve of 32 observed tree related
microhabitats were involved in the analysis

Larrieu et al. (2018) and Kraus,D. et al. (2016)

Institut fir
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und Systemanalyse
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Tree microhabitats, bats, and health symptoms:
Dataset 1

Experimental equipment: AudioMoth acoustic recorders

Attach tree height: 4m

Recording time: 6:30 pm - 9:30 am, 2 October to 5 October 2020
Sampling rate: 256 kHz, Gain: Medium

Institut fir
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Red oaks had better health (lower crown die-back,
defoliation, and discoloration) than pedunculate oaks.

Tree Health Score

>

Tree Health Score

W)

Tree Health Score

@

0.8
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06—~~~ a1
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T T
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08 1 | | 1 "I“.I*I

0.7 4
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Tree Health Score

m

0.8

0.4

0.7 1 -
0.6 -
0.5 4 r
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T
Q.robur Q.rubra

Species

10 15 20 25
Total Height

Tree Health Score

(@]

Tree Health Score

M

0 20 40 60 80100
No. of Cut Branches

12 3 4 5 6
CPA (in 100m?)

Science of the Total Environment 853 (3022) 158643

Contents lists available at ScienceDirect
Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitateny

Native pedunculate oaks support more biodiversity than non-native oaks, m
but non-native oaks are healthier than native oaks: A study on street and =

park trees of a city
Monika Laux *, Hailiang Lv ****, Martin H. Entling *, Jens Schirmel *, Aditya Narang °, Mario Koshler *, Somidh Saha **
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But diversity and abundance of microhabitats are higher
in native pedunculate oaks than exotic red oaks

0.8 — 0.8 s 08— 1 1
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o o o
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A Species B Location C Tree Health Score
e 2 08 1 1 1 o *I E 08 1 1 1 1 1 1
3 3 0.6 ~ g 0.6 u
7] wn O w O
2 Z 04 -2 04 -+
8 = © "
<] e 0.2 - S 02 -
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Crown Volume (in 100 m?) No. of Cut Branches Native pedunculate oaks support more biodiversity than non-native oaks, )
but non-native oaks are healthier than native oaks: A study on street and =

park trees of a city .
_ N . o ) _ L abschatzunc
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Bat activities recorded in AudioMoth survey

Bat group Bat species (English name) Active % of sites
minutes with group
Mpyoftis group 72 12.2
Myotis daubentonii (Daubenton's bat) 72
Nyctaloid group 623 65.9
Nyctalus leisleri (Lesser noctule) 51
Nyctalus noctula (Common noctule) 567
Eptesicus serotinus (Serotine bat) 5
Pipistrellus group 10,287 100.0
Pipistrellus kuhlii (Kuhl's pipistrelle) / 576
Pipistrellus nathusii (Nathusius's pipistrelle)
Pipistrellus pipistrellus (Common pipistrelle) 9,388
Pipistrellus pygmaeus (Soprano pipistrelle) 323

356 48.8
Plecotus cf. auritus (Brown long eared bat) 356
11,338

-
E E 0 oo o 0 Institut flr
ally similar bats were grouped to avoid misidentification ﬁ(l I m Techniolgenabschatzune
ystemnanalyse
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Bat activities near native and exotic oak trees at
street and park

Pipistrellus bats: Brown long-eared Noctule bats (Nyctalus):
prefer parks but not bats (Plecotus): neither differentiate
arentiate Spec|es prefer native oaks between trees nor
prefer parks between habitats

prefer trees with
fork split, sunscald
damage and

woodpecker holes g(“‘ 10 Y= -

Image sources: Pixabay and Google e st fa Technolon



Tree ring growth, response to drought and internal
trunk damage (Dataset 2)

Tree ring research and sonic
Impulse tomography were
used in this study in addition to
standard dendrometric
assessment.

[}
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Tree ring growth, response to drought and internal
trunk damage (Dataset 2)

Quercus robur Quercus rubra
vit. class 0 vit. class > 0 vit. class 0 vit. class > 0 Total
Park 8 12 8 12 40
Street 8 12 8 12 40
Total 16 24 16 24 80

4a) species s

A QO rubral| it ) . &

@® Q. robur Ay ( a -
%) »
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Pedunculate oak had higher resistance to drought
in the street and lower recovery time from drought
stress in parks

Resistance Resilience Recovery

ns * ns ns ns ns
2.0_ a .

. * 3 H

1.5+ ; ’ e ' ‘
= = = B '
054 ‘ | ‘

I I 1 I I 1

park street park street park street

N

E3 Q. robur B8 Q. rubra

Recovery period

10.0

7.9

5.0

2.5

*%k

ns

Isruher Institut fiir Technologie
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Pedunculate oak grew slower than red oak but
growth of red oaks fell after 60 years!

a)
10009 . Q. robur
- park
- street
750
N—| f~—y A - e M b)
g | /o :'L [ SAYAW!
< 5004 10009 Q. rubra
i) = park i
- street Al
250 750 | J\
e w e S AR =/ —
v, e
(&
T T T T T T T T T T T 1 :. 500_
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 g
q 250
I L) 1 1 1 1 1 L] ] ] 1 1
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

— — — e S e ey
Karlsruher Institut fiir Technologie .




Growth response differs between species

1.04

o
©

ot
@

Estimated response

- Plane

-~ Oak

064 - Lime

-+ Hornbeam

Reference Rt Rs
(pre-drought)

Plane trees have high resistance but low
resilience. Native oaks have both high
resistance and resilience.

Trees
https://doi.org/10.1007/500468-022-02294-0
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Working hypotheses revisited

In Karlsruhe city, exotic Q.rubra (red oak) trees have better performance than
native Q. robur (pedunculate oak) trees in:

H1) radial growth; acce||1oted (at least in first 70 years)

H2) tolerance to drought; rejected (warrants field ecophysiological study)
H3) internal trunk defect; rejected (warrants root decay and fungi stud)Q
H4) health symptoms such as lower crown die-back; accepted (but can be
result of management)

H5) Microhabitat provisions and bat diversity; rejected

H6), and those responses varied between growing environments (park vs.
treet) and other factors: partially accepted (tree size, park vs. street, soil
lhySical properties, and tree pruning intensity are important, warrants long-

Karlsruher Institut fiir Technologie
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Key take homes

1. Poor vitality of solitary and stand forming trees
2. Trade-offs between supporting and reqgulating

ecosystem services S
3. Species origin, functional trait, irrigation, local
soll, and solar irradiation are very important to

consider
fBealthy and high proportion of leaf area is key

*cooling
oW,




What is a trade-off in ecology?

e |tis a spatial, statistical, and temporal pattern of relationships between
two or more variables when gain in one variable can result in loss In
another.

e In nature, it is a very normal thing.

* It becomes a concern in anthropocentric systems when humans want
benefits or services from multiple biophysical variables simultaneously
and indefinitely.

htists and managers often want to understand these patterns in
'_;For example, understanding processes and ramifications of
2-0ffs can contribute to tuning management so that a win-win

can be reached. _
AT s s
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What is a trade-off in ecology?

100%
. 4 0 Low trade-off

Benefits from
regulating ES

High trade-off

~ 100% Yo

o

Benefits from
supporting ES
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How to reduce trade-offs
Increase tree species diversity in streets
Increase flora and fauna diversity in parks and gardens
Increase urban green space cover
Improve and modernize tree inspection and tree care

E Ing complexity and innovation to landscape design

Karlsruher Institut fiir Technologie
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Hent of our
Stitute 1n future
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Otto Dullenkopf Park Today
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Future
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Thank you
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