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Overview

* Tree Ecology

* Organisation of knowledge

e Scale

* Form & Function
* the tree habit
* growth & development
* phytobiome
* Application
e Stimulate thoughts on open

grown trees and their
management...




Oekologie

* Ernst Haeckel (1834-1919),
coined the term which
translates to "ecology" in
English, to describe the study
of how organisms interact
with their environment.

PR A




Ecology

The study of organisms:

e distribution,
* abundance and
* dynamics

Including, their interactions with
other organisms and with their
physical environment.

ECOLOGY: e Study of the Place We Live

Ecology examines the relationships between the living and non-living at scales
ranging from the individual organism to the biosphere.

Biodiversity

A diverse range of life
indicates ecological

health and often
drives ecological
studies.

Species Interactions

Types of interactions include
predation, mutualism, par-
asitism, commensalism,

and competition.

Energy Succession
Flow Over time,
Energy from an ecosystem
the sun is experiences chang-

es in biodiversity and
nutrient availability.

transformed and

moves through the
ecosystem in a pro-

cess illustrated by the {’
food web.

Human Impact

Through construction, agriculture, and
pollution, humans make a significant
impact on the ecosystem. Modern
ecologists focus on measuring this impact.

GARQLINA

www.carolina.com



Complex subject

Macro-system <1 —
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The lack of biodiversity-ecosystem functioning studies done at larger scales as shown in the figure — source
Gonzalez et al. (2020) https://doi.org/10.1111/ele.13456



https://doi.org/10.1111/ele.13456

Tree ecology

* The study of how trees interact with Tree ecosystems

each other and with the environment. » Trees are ecosystems because they

contain living and non-living parts that
Interact. Include the tree's roots, trunk,

Ecosystem Services of aTree br.anCheS, and leaves plUS soil and
QQQQQQ climate and necromass (deadwood).
FOON Tree microclimates
g s G A) ot * Trees create microclimates and micro-
OIS environments for other organisms
o %g Tree interdependence
e, T » Trees are often interdependent with

other organisms, such as insects, fungi,
and other plants.



Organisation at scales
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Organism the 15t level

' Characteristics of ALL Living Things
Any unicellular or

multicellular form exhibiting DNA X
. . S , : eproduce
all of the characteristics of \"";’,",‘;,’,T;.'" Produce
l|fe Stimell information in eapring e S
\ Maintain a
Respond (o stable internal
environmental environment
g Gt and uee. s Metsbolis
Lﬁl& $ Are madc.np of mn::ﬂ;;\lnd
Which divide, Adapt and Evolution
differentiate, Grow and change over
and mature * Develop time




Individuals

* Trees can be found in many places, including cities, forests, parks, and gardens.
* Urban areas

Street trees: Trees that line streets in cities

Parks: Trees in parks and other public spaces

Gardens: Trees in community, domestic, and school gardens

Canals andrivers: Trees that grow along canals and rivers

* Forests
* Forest estates —wood pasture former hunting estates
* Within forest plantations: where trees grow for multipurpose outcomes

* Woodlands: that are connected to each other through a network that allows them to share
nutrients and water, whether native semi-natural or novel urban ecosystems

* Otherplaces
* Hedgerows: Trees that grow in hedgerows
* Amenity areas: Trees that have been predominantly planted and grow in amenity areas



Trees as a population

* A group of organisms of one
species living in the same
place at the same time that
Interbreed

* Produce fertile offspring

* Compete with each other for
resources

Size of pie proportional to total woodland in region:

* smallest represent forest area up to 100 000 ha,

* medium up to 200 000 ha,

* large up to 300 000 ha.

Proportion of ash in each of the areas shown in violet

https://livingashproject.org.uk/wp-content/uploads/2020/08/Clark-and-Webber-2017-The-ash-resource-and-the-response-to-ash-
dieback-in-Great-Britain.pdf

North East Scotiand
0.1 % Ash

Woodland cover &

(woodlands over 5 ha
only shown in map)

Size of ple proportional to
totsl woodland i region over 0.6 ha

% Ash within NFI Region



https://livingashproject.org.uk/wp-content/uploads/2020/08/Clark-and-Webber-2017-The-ash-resource-and-the-response-to-ash-dieback-in-Great-Britain.pdf
https://livingashproject.org.uk/wp-content/uploads/2020/08/Clark-and-Webber-2017-The-ash-resource-and-the-response-to-ash-dieback-in-Great-Britain.pdf

Communities

Over Time In Six Stages

Disturbance

lacrease sver Time
Slodiversity

Biomass
Seil Layer

Frederic Clements: linear succession

2. Scrub phase: spread of 1. The open or park phase: largely
thorny shrubs excludes -« open landscape with a thin scatter
herbivores; young trees grow of trees left from the previous
up with the shrubs and grove; vegetation mainly grassland
eventually overtop them. or heath species.

2. Scrub 1. Park

3. Grove 4. Break-up A
3. Grove: tree- 4, Break-up: period
dominated phase of the during which the canopy
cycle; closed canopy opens out as trees die;
shades out the shrubs; vegetation shifts from
herbivores return, woodland to grassland
preventing regeneration. —» species

Vera 2002 The dynamic europeaan forest
https://www.tandfonline.com/doi/epdf/10.1080/03071375.2002.9747335?needAccess=true



https://www.tandfonline.com/doi/epdf/10.1080/03071375.2002.9747335?needAccess=true

Habitat: a place where an organism makes its
home.

* habitat refers to the array of resources,
physical and living factors that are
presentin an area, such as to support
the survival and reproduction of a
particular species.

* Found across the UKin a W|de range of
habitats - woodland, f _SSse
heathland, moorland A&

Insects form the bulk ~ 80 %

Wren: 11 million breeding pairs.



Ecospace — a more unifying and dynamic term

Ecospace Encompasses:
* abiotic position,

Blotic expansion Carnivores . . 4. .
To)d X NSIoN
Prey Herbivores Q b otlice pa SIO and
Dung Carcasses : o . .
o o Parasites ) temporal continuity,
Flowers Pollinators = ==
Wood
Soil fauna %
A sk R :\5 Interactions v N A—
Litter Fruits Fungl (Carnivores )
£ e Plants .b
23 o
-g- g Position Soil {Carnivores)
o
~ 8 . Water
emperature PRIMARY \
Nutrients CONSUMERS ‘::,:ngm G";"ﬁ'e‘,",“ e S
(Herbivores) > P
pH
salt Reglonal p—"
species pool PRODUCERS Oak leaves




Tree related micro habitats

1. Cavities are basically holes or shelters formed by cavity
builders decay processes, morphological particularities on
the trunk or collar (e.g. dendrotelms in forks or root-buttress
shelters).

2. Injuries expose sapwood and sometimes also
heartwood and create access for colonizing taxa.

3. Crown deadwood consists of dead branches in general
occurring at the top of the tree; xero-thermophilous

4. Excrescences are mainly caused by reactive growth to an
increase in light availability or to a parasitic or microbial
intrusion (e.g. canker, burr).

5. Fungal fruiting bodies and slime moulds classified as
perennial or ephemeral (lasting less than a year) structures.
6. Epiphytic and epixylic structures

7. Exudates are sap runs / heavy resinosis / excretions (pH)

Larrieu, L., Paillet, Y., Winter, S., Butler, R., Kraus, D., Krumm, F., ... & Vandekerkhove, K.
(2018). Tree related microhabitats in temperate and Mediterranean European forests: A
hierarchical typology for inventory standardization. Ecological Indicators, 84, 194-207.

Epiphytic, epixylic and parasitic | .8,
structures (Vertebrate nest)

o2/l uwe

~

Fresh exudates (Sap run)

=3

Fruiting bodies of saproxylic fungi
and slime moulds (Pulpy agaric)

LR WA 1

Insects & Arachnids
Gastropods ( Birds
Mammals @® Amphibians & reptiles

Bryophytes ‘ Fungi

<SRN

Lichens W& Vascular plants & ferns

5

— (Remaining broken limb)

‘Jcpx(?#

Crown deadwood

o1
L& I

Cavities (Trunk rot hole)

X/ (%
a2

r
Excrescences (Canker)

:ox('{

Tree injuries and exposed
wood (Fire scar)

ex/(uwt

TreMs




Concept of a niche: the how

. i . Niche: 1927 Charles S. Elton
An ecological niche is

the role and position a
species has in its
environment; how it
meets its needs for food
and shelter, how it survives, and how it
reproduces. A species’ niche includes
all of its interactions with the biotic
and abiotic factors of its environment.




Dendrotelms can create even cooler and more humld mlcrocllmates than closed forests
Temperature offset (°C)
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Time

- dendrotelm - forest

The role of dendrotelms as mlcrocllmahc refugla mlght increase under climate change

Kovacs et. al. 2024Small oases below the canopy: The cooling effects of water-filled tree holes on the local microclimate in oak-dominated stands
https://doi.org/10.1016/j.agrformet.2024.110058



https://doi.org/10.1016/j.agrformet.2024.110058
https://doi.org/10.1016/j.agrformet.2024.110058

Vapour pressure deficit

VPD represents the
desiccating strength of the
atmosphere, rising VPD
promotes a cascade of
responses within plants
and ecosystems

https://onlinelibrary.wiley.com/doi/10.1111/pce.14846

Leaf level
Physiology

H

Whole Plant
Responses *

Communities
& Ecosystem

Managed

Systems I !

a)Stomatal conductance
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~ weaker source
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~
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(i) Soil water

Weak land-atmosphere
coupling
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Novel drought
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Diversity management
Assisted migration


https://onlinelibrary.wiley.com/doi/10.1111/pce.14846

Ecosystem

* Ecosystem “geobiocenosis” —a
complex of a large number of
communities in one climate
region.

ECOSYSTEM

* a fundamental functional unit

in ecology in which the abiotic
v/ and biotic environment are
e — functionally stable at a certain
= trophic level of matter
circulation




Bioregions - geographical area defined not by
political boundaries but by ecological systems.

. . i .. D LS Biogeographical
* Atlantic forest . P {d & regions of
. .o.'. . N, _\3 ~‘(\\i \v Europe
* Boreal N [~ | A et

B Borea

—] Atlantic

e Etc.

' Continental

B Alpine

B Pannonian

Mediterranean
B Macaronesian

Steppic

Natura 2000 and Forests

Part |-l

| Black Sea

B Anatolian

ANeY 3 map by the
Eurcpean Emvtronmeney!
AQENCY. WWW 0800 fu it




Biomes — largest geographic biotic unit
(climate)

I Tropical forest [ Savanna I Desert I Chaparral [71 Temperate forest
Boreal forest B Tundra Bl Mountains [ Polar ice [ Temperate grassland



We are taught to ‘understand’ the tree as a
living system

* Food manufacturing (photosynthesis)

* Storage (parenchyma in the meristems,
medullary rays & leaf starch (apoplast))

* Cell division and elongation (growth)
* Respiration (production of energy)
* Defence system (CODIT...)

* Transpiration and gas exchange (waste
disposal)

 Stability —root anchorage

* Support system — secondary thickening
(lignification & bark formation)

* Reproduction - system end product

TRANSPIRATION

LOW

=
o
-
=
=
z
=
(=]
o
-4
=
<
=

Alonzo, & Kindsvater 2008https://doi.org/10.1016/B978-008045405-4.00856-9



With a linear life history

Four phases in the life of a tree: * Understanding ageing in trees
. Seedling should be understood in terms
of the cambial layer, introducing

* Formative the link between the influence
e Mature of external events on
. Ageing (not Senescent) physiological function, growth of

anatomical structures and tree
morphology.




However: 3 ways trees can age

* Chronological ageing is the duration since germination and may
refer to the entire tree or a part of the tree. It is described solely in
temporal terms.

* Ontogenetical ageing refers to the genetic potential of the
Individual tree. This is described in terms of development phases
from germination to senescence. This view of ageing is influenced
primarily by the activity of the meristematic tissue.

* Physiological ageing reflects primarily the senescence that s
Induced in the tree or part of the tree through abiotic and other
stresses.



Generalised tree aging stages: after Fay 1987

"’_‘L

q - Ry A
( | Apical Dominance S Loss of Apical Dominance Crown Retrenchment > Decaying Woody Habit

1 2 4 5 6 7

Traits vary over time - specifically, four separate processes generally co-occur during plant development: (1) plants
get older (age);(2) plants get larger (size); (3) plants move through phase change (ontogeny); and (4) plants become
more complex (architecture)

Ageing Process: from seedling to death in a standard tree in, Scottish Natural Heritage Research Report No. 789 — A review of the theory and practice of tree coring on live ancient and veteran trees https://www.nature.scot/sites/default/files/2018-
09/Publication%202018%20-%20SNH%20Research%20Report%20789%20-%20A%20review%200f%20the%20theory%20and%20practice%200f%20tree%20coring%200n%20live%20ancient%20and%20veteran%20trees.pdf



https://www.nature.scot/sites/default/files/2018-09/Publication%202018%20-%20SNH%20Research%20Report%20789%20-%20A%20review%20of%20the%20theory%20and%20practice%20of%20tree%20coring%20on%20live%20ancient%20and%20veteran%20trees.pdf
https://www.nature.scot/sites/default/files/2018-09/Publication%202018%20-%20SNH%20Research%20Report%20789%20-%20A%20review%20of%20the%20theory%20and%20practice%20of%20tree%20coring%20on%20live%20ancient%20and%20veteran%20trees.pdf

Tree ageing

* The three perspectives Chronological Ageing:

on ageing in trees offer ~ 1. Definition: Measures the time
distinct insights into how elapsed since germination.
trees grow, develop, and 2. Focus: Entirely temporal and does

respond to Branches, Stem 0t account for physiological or
environmental each year developmental changes.
conditions: 3. Significance: Useful for

. Woody Stem determining the age of a tree for

historical, ecological, or
management purposes. It provides

a straightforward measure but
@ ’\ Section doesn't reflect the functional or
k& developmental state of the tree.
Growth Rings

Woody Root

By Chiswick Chap - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=106194158



Ontogenetical Ageing:

1. Definition: Relates to the genetic
potential and developmental phases of
the tree, from germination to eventual

\Age at maturity sSenescence.
Acquired Growth 2. Focus: The lifecycle stages (e.g., phase
resources / Siza at maturity change of juvenile, mature,
| — senescent), driven by the act|V|ty of
Q ﬁ_, meristematic tissues (growth regions).
- 3. Significance: Highlights the biological
potential and growth patterns of a tree.
Simplified hierarchical representation of It’s crucial for understanding growth
ontogeny, with age and size at maturity as dynamics, reproductive capacity, and
phenotypic end-points (after Berner and E%Vétrees adapt their structure over

Blanckenhorn 2007 https://doi.org/10.1111/}.1365-2435.2007.01253.x )

Key:
CD = competing demands
M = Maturation


https://doi.org/10.1111/j.1365-2435.2007.01253.x

Physiological Ageing:

\ ¢

ABA biosynthesis T
Stomatal regulation T

Osmotic adjustment T 1. Definition: Involves the ageing
Leaf Proline biosynthesis T process influenced by
Antioxidative response T environmental stresses, such as
AU S drought, disease, or nutrient
Vessel frequency T deficiencies.
Vessel | N2 . .
Stem TR o 2.Focus: The functional decline or
Rntioxiiative raspotice ] ageing at cellular and tissue levels
Aquaporin expression T due to external factors.
. ABA biosynthesis 1 3.Significance: Offers insight into the
oot N ABA signalling 1 health, vitality, and stress resilience
Aquaporin expression of a tree. It’s particularly important
Suberin™ in forestry, conservation, and
o understanding the effects of
Molecular and physiological S climate change.

key responses of trees to
drought stress.

Note: A significant review suggests that tree mortality is mainly due to external influences, rather than to internal ageing. Brutovska et. al. 2013 https://doi.org/10.1016/j.arr.2013.07.001


https://doi.org/10.1016/j.arr.2013.07.001

Key take home:

By analysing these
perspectives together,
researchers and ecologists
can gain a holistic
understanding of tree ageing,
which aids in conservation,
urban forest management,
and understanding
ecosystem dynamics.

[
CHORNLLTICAL ONTOGENETICAL PHYSISOLLOCAL
AGEING AGEING AGEING

:HOI\’ONLATICAL AGEING ONTOGENTICAL AGEING PHYSSFOLOlCAL AGZING
Seed Tlmg, sapling, Seedlgling,, . dasiling, Envirommenal stress,
| time since germation o nutroua deﬂcci’mv, or nutr=eual deficieedsy



Tree form and function

> )
s 4 B
Carbon dioxide —» Apical growing
P : points
% Oxygen <— \% Diagram of the most important life forms based on the classification by Raunkiaer (1934)
o “—.27/ A\ .
= s . = 1+ 2 | Hydrophytes (Hydr) water plants
N ~\J\ \ Lo~ 3 Helophytes (Helo.) winter buds under water
ﬁ o \ \— 74 flowering plants above veater
i 4 + 5 | Crytophytes or geophytes | (Geof) winter buds below ground
.*_ ,’ { / Carbohydrate oompoqnds flowing 6 Hemicryptophytes (Hemi.) winter buds above or just below ground
| downwards lhrough inner bark 7 + 8 | Chamaephytes (Cham.) winter buds up to 50 cm above ground
| | | 9 Phanerophytes (Phan.) winter buds at least 50 cm above ground
Pith \ (i.¢. trees, shrubs and lianes)
P s
|
fb

& Heartwood A \ Radial transportation along rays

5 Sapwood / L% Tree ecosystem:
Cambium + ' ‘l I Trees are ecosystems because they contain living and non-living
Inner bark 1 ‘|' 1t ‘& Water and minerals flowing parts that interact.
Outer bark | | | |at upwards through sapwood * The living parts include the tree's roots, trunk, branches, and

1 ] | |} leaves.

2 G N * Non-living parts include the physical environment, such as the

3 V \/ S Wides il inkcioiil soil and climate but also the dead wood (and extruded

= < VNI and minerals necromass).

-

Main parts of a tree and their function, after Teischinger, Alfred. (2016). OPPORTUNITIES AND LIMITS OF TIMBER IN CONSTRUCTION.



Liminal organisms (dead or / and alive)

Change in environment leading to stress
(reversible) or incrementally to strain (non-
reversible).

 Can be Edaphic/climatic/anthropogenic
Sapwood damage or biotic colonisation

The progressive thinning and attenuation of
radial increments of new wood & bark around
the core (as girth increases)

Occlusion (regenerative growth) or

Development of xylem dysfunction, oxidation
& decay columns

Dendrotelms are one of many types of tree-
related microhabitats (TreMs).

Field guide to TreMs https://www.waldwissen.net/en/forest-ecology/nature-conservation/field-guide-to-
tree-related-microhabitats

(
Epiphytic and
epixylic struc-

Tree injuries and
exposed wood

Photo: Rita Biitler

(

WSL

)


https://www.waldwissen.net/en/forest-ecology/nature-conservation/field-guide-to-tree-related-microhabitats
https://www.waldwissen.net/en/forest-ecology/nature-conservation/field-guide-to-tree-related-microhabitats
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https://cdn.ymaws.com/www.asca-consultants.org/resource/resmgr/consultant_repurposing/aging_and_rejuvenation_in_tr.pdf
https://cdn.ymaws.com/www.asca-consultants.org/resource/resmgr/consultant_repurposing/aging_and_rejuvenation_in_tr.pdf
https://cdn.ymaws.com/www.asca-consultants.org/resource/resmgr/consultant_repurposing/aging_and_rejuvenation_in_tr.pdf

Regenerative modular organisms: sweet chestnut
with one strip of functional stem tissue
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Tree mortality is mainly due to external
Influences, rather than to internal ageing...

Factors that contribute to physiological aging

* LongeVIty Of treeS Ca-n. depend on * Environmental stress: Trees can experience stress from water availability, rot fungi,
environmental conditions. insects, and disease.

» Damage: Trees can be damaged by wind, fire, ice, or snow.

* Single tree can behave as a | S _ S o
population of modules, which Whaole plani

. .. Growth uni A xi% Architectural unit
can age individually. ot it o
Phytomes I Pty
’ _?. L i~ il

i
— A
Terminal bud — = |I 1. I
containing SAM Lataral bued r. .l".'.'.l'.'li.'l'..'-:_'.' avith - S [ - ) o
. |

" containing SAM

~ Nedge —_—
T Internode OOl FRINGIES el

“Node

Girowth Branching  Reiteration

1 IIyOIUlUSI\JGl IUJ\JVUI 1IALIVII. M OwuUVvVvII IS UUVVII VI LUI1C GSII Is PIUUUOO.

Factors that affect how trees age
* Genetics: The timing of developmental transitions is regulated genetically.

» Life history: Different species have different life histories that affect how they age.

Brukhin, Vladimir & Morozova, N.. (2011). Plant Growth and Development - Basic Knowledge and Current Views. Mathematical
Modelling of Natural Phenomena. 6. 1 - 53. 10.1051/mmnp/20116201 .



Mortality spirals &
energy budgets

Drought

Construsson inury .
Grado changes .
DR CLMING /
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Avoidable or a least can be delayed — regenerative
organisms

Biology: How Do Trees Die?

» Most trees die of
competition, fire, insect
attack, human action, or
fungal attack.




Where do trees grow

* Social constructs

* Woodland, copse, grove, Forest, forest, plantations,

* Fields, hedges, boulevards, avenues, gardens, parklands, streets
* Matrix habitats

* Grassland, heathland, riparian edge, moorland, mountain, dune slack,
bog,

e Biomes

* Tundra, Rain Forest, Savanna, Boreal forest, Temperate forest, Temperate
grassland, Mountains, Desert...



Tree growth not as individuals but in
communities as part of a matrix of habitats

* During the early stage of a
trees life it colonises the space
available to it as determined by
the environmental conditions
and the trees inherent
physiological conditions and
growth potential.




Life history strategies

Importance of
(e.g. Saguaro) Stress (e.g. Dandelion)

Stress tolerant Ruderal

"2 -

Competitive species
such as birch
predominate under
conditions of low
disturbance and low

Competitive (top corner)
Stress-tolerant (lower left corner)
Ruderal (lower right corner)

Mixed (center of triangle)

stress.

\ >

4 k. g 3
Stres.s-toleranl Ruderals are
species: dominant under
predominate conditions of high
undeT . disturbance and low
::ond(;?nonsbof A > | stress.
ow disturbance . 73

; S Intermediate % ’

and high stress. ) > I %

- s life history 2

R strategies @

\X&S\

Annual grass

Ruderal

Intensity of stress

MO




Mire

Dynamic, interrelated
and not always easy to

define depends upon T I
externalities Drought ;> Drought
Cutting
Grazing
Heathland Fire Grassland
== e
‘ i == e 3«%93» SN f‘v\?'v‘“'»
Cutting Cutting
Grazing Grazing
Fire Cutting Wind
v Grazing
Fire
Woodland
Cutting
Grazing
Newton, A.C. (2011). Social-ecological resilience and biodiversity conservation in a 900-year-old W|nd

protected area. Ecology and Society, 16, 13. http://dx.doi.org/10.5751/ES-04308-160413



in the World

2 between 2020-2025"

B >5.0%
4.6-5.0%
4.0-4.5%

" The Fastest Growing Cities

Cities with the highest average annual growth rates

* 2018 projection, out of all cities with 300,000 inhabitants or more

Source: U.N. World Urbanization Prospects
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Urban trees?
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Oldfield, E. E., Warren, R. J., Felson, A.
J., and Bradford, M. A. (2013).
Challenges and future directions in
urban afforestation. J. Appl. Ecol. 50

https://www.barbourproductsearch.info/shouting-from-the-tree-tops-
the-benefits-of-tree-news084637.html
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Bhanu & Annesha 2023Urban ecosystem services and climate change: a dynamic interplay



Perceived vegetation

Perceived (target) vegetation
Genotype
Environment

Human effort (resource inputs)




Tipping points: mitigation & adaptation

Glacial-interglacial
limit cycle
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https://earth.org/data_visualization/tipping-points-in-the-earth-system/
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University
of Dundee

Data processed using i-Tree Eco version 6.0.32

Headline Figure

University of Dundee Botanic Garden Structure and Composition Individual Level Ecosystem Services

Tree Asset Valuation R rt
ree Asset Valuation Repo Number of Trees 1,378

An i-Tree Eco and CAVAT assessment

i-Iree
Botanic Garden 498 tonnes £491,000

Number of Species 243
Annual Carbon

Most Common Tree Species Pinus sylvesttis, Betula pendula, Eucalyptus Storage

gunni Campus 135 tonnes £133,000
Replacement Cost (CTLA) £1.48 million
? f Amenity Valuation (CAVAT) £38.1 million Annual Carbon Botanic Garden Lles iz Sl
4 2" % 3 uestration
5 ‘,v{‘ 2.4 Seq Campus 3.9 tonnes £3,800
Dundee Botanic Garden =
e University of Dundes Treecanomics ) ) )
Combined Botanic Garden & Campus Ecosystem Services . Botanic Garden 45.6 kg £3,300
Annual Pollution
Removal
Annual Carbon Storage 633 tonnes £624,000 Campus 14.7 kg £1.100
Annual Carbon Sequestration 15.7 tonnes £15,400 )
. Botanic Garden 1,200 m3 £2,000
Annual Avoided
Annual Pollution Removal 60.3 kg £4,400 Runoff
Campus 400 m? £600
Annual Avoided Runoff 1,600 m3 £2,600

Number of Trees: 1,378 records wers used in this analysis. Exclusions detailed in Appsndix II.
Replacement cost: Council of Tree and Landscape Appraisers Mathodology from the Royal Institute of Chartered Surveyors. *Hollis, 2007
Amenity valuation (CAVAT): Capital Asset Valuation for Amenity Trees (CAVAT) is a method developed in the UK to provide a value for the public amenity trees provide. *Doick, 2018

Carbon storage and carbon sequestration values: These are calculated based on figures jointly published by the Department for Energy Security and Net Zero, and the

L]

Department for Business, Energy & Industrial Strategy, at a sum of £269 per metric tonne of COze. *Gov.uk, 2012

- Pollution removal: This valus is calculated based on the UK social damage costs; £23,314 per tonne (nitrogen dioxids), £17,118 per tonne (sulphur dioxide), £172,816 per tonne
(particulate matter less than 2.5 microns). *“DEFRA, 2023

Avoided runoff: The value is based on an average volumetric charge of £1.676 per cubic metre from Scottish Water. *Scottish Water, 2024

j'-‘-l" ! 5 Dundee Botanic Garden
& NCGAE Anafywa To= 3 University of Dundee .
https://www.dundee.ac.uk/corporate-information/botanic-garden-and-grounds-strategy ' Treeco’*nomlcs
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Trees have changed the world before

UPWARDS AND ONWARDS

Plants conquered land around 465 million years ago but it wasn't until the evolution of trees 80 million years later that vegetation could spread around the globe

ORDOVICIAN SIWRIAN ~ DEVONIAN CARBONIFEROUS
e LT

é}o
=
g
20
410 mya Earliest know tree
465 mya Ankle-high shiubs
First land plants
% T : —‘O T O
500

400

Millions of years ago

How trees changed the world By James O'Donoghue
21 November 2007



MACE Data - University-wide

University
of Dundee

Scope 1, 15,806 tCOe

15%

W Scope 2, 1,3831C0e
1%

%

tCO,e
104,093
The world's forests absorb arounc 15.6 gigatonnes However. around 8.1 gigatonnes of CO;
2021-22 Carbon Storage of CO; each year. That's around 3X the anacwal CO, leaks back into the atmosphere due 1o
Tonnes of Carbon emissians of the United States. deforestation, fires and other disturbances,
Vegetation 120
m| Scope 3, 86,904 tCO,e " e
847%
Boreal forests Temperate Temperate grasslands Tropical
forests forests
i

Croplands
savannas

one tonne of
carbon dioxide

How well soil stores carbon '

depends on soil type. vegetation ‘ 643 2
and cimate. In general, the s A
wetter and colder, the better 1

|
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Over the garden wall..

Partnering for success
across the city with
our community!

e
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Scotland’s Nature Agency
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Urban Releaf

DATA STREAMS

000 =
é% Dy ? a3 ()
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Dynamic Map Generator

https://www.dundee.ac.uk/projects/urban-releaf



.\ Urban
Releas

cities
 Athens
« Dundee

o Utrecht
« Cascalis

Dundee, Scotland

D () o 21,
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Riga, Latvna
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Citizen engagement for resilient

@ Participatory tree registry
Blue Green Infrastructures transitions

Adaptive community-based
urban environment planning
for the wellbeing of citizens

o

Utrecht Netherlands
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((#)) Low-cost sensors

@00 Temperature & humidity
=22 Air quality

S, Bioclimatic comfort

% Earth observation

Mitigating heat stress
through private greening and
active community management

Cascais, Portugal

and resilience with
nature-based solutions
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Participatory tree registry
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building a tree registry and
mitigating heat stress
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WILFM

For professionals: engaging communities in foresight =

inclusive and will result in equitable and sustainable solutions.

For communities: ensures they are engaged and advocate
change, beyond being listened too to become true co-
designers that imagine their future, helping shape it and
prepare for it.

For everyone: Practicing foresight and future literacy = more
resilient communities

* Engaged in their place as active citizens,

* Better prepared for potential disruptions,

* Co-engaged in developing equitable pre-emptive
solutions, and

* Enabling ajust transition — no one left behind.

“ Ucban
Releas

GREY TO GREEN
AND BLUE TRANSITION

|||||||

OPEN OPEN OPEN
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LURIONTY LOMP ASSION COURAUE

https://urbanreleaf.eu/get-involved/
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Gr.w. Gardens Volunteer WhatsOn News Red
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BIN YOUR LITTER
CLEAN UP AFTER YOUR DOG
KEEP YOUR DOG ON A LEAD |



Human ecology as a means to
urban ecology

_——> Human activities ——_

// - Eneragy, Material, Information \\
> 4
SOCIAL SYSTEM ECOSYSTEM
Plants L
Knowledge S Animals
, : e
Technology | Population ¥ “-—---,f_"'_':‘_‘-:}_\ Micro-
'.| ,\ j/‘organlsms
',‘I '.I‘J \ /‘
n' ”/
Social Val /
organization e \\ / - I‘Iuman built
Soil ‘--—~- structures
\\\ Eneray, Material, Information /

-
-«

——— Ecosystem services <————

http://gerrymarten.com/human-ecology/chapter01.htm
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