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Overview

ATree Ecology

AOrganisation of knowledge

AScale

AForm & Function
A the tree habit
A growth & development
A phytobiome
A Application
AStimulate thoughts on open

grown trees and their
ucUcnNIJulJUaqB




Oekologie

Ernst Haeckel (18341919),
coined the term which
translates to "ecology" In
English, to describe the study
of how organisms interact /
with their environment.




Ecology

The study of organisms:

Adistribution,
Aabundance and
Adynamics

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-

transformed and

moves through the
ecosystem in a pro-

cess illustrated by the \{/
food web.

es in biodiversity and
nutrient availability.

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
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The lack of biodiversityecosystem functioning studies done at larger scales as shown in the figuresource
Gonzalez et al. (2020https://doi.org/10.1111/ele.13456
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Tree ecology

A The study of how trees interact with

each other and with the environment.

Ecosystem Services of aTree

flowers:
ssssss

rrrrrrrrr

Tree ecosystems

A Trees are ecosystems because they
contain living and nonliving parts that
interact. Include the tree's roots, trunk,
branches, and leaves plus soil and
climate and necromass (deadwood).

Tree microclimates

A Trees create microclimates and microe
environments for other organisms

Tree interdependence

A Trees are often interdependent with
other organisms, such as insects, fungi,
and other plants.



Organisation at scales

Ecosystem r
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Organism thesllevel

_ ' Characteristics of ALL Living Things
Any unicellular or

multicellular form exhibiting DNA <
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Individuals

A Trees can be found in many places, including cities, forests, parks, and gardens.
A Urban areas
A Street trees: Trees that line streets in cities
A Parks: Trees in parks and other public spaces
A Gardens: Trees in community, domestic, and school gardens
A Canals and rivers: Trees that grow along canals and rivers

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

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

A Other places
A Hedgerows: Trees that grow in hedgerows
A Amenity areas: Trees that have been predominantly planted and grow in amenity areas



Woodland cover &

% Ash within NFI Region
(woodlands over 5 ha
only shown in map)

Trees as a population o, @

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

AProduce fertile offspring

ACompete with each other for
resources

Size of pie proportional to total woodland in region:

A smallest represent forest area up to 100 000 ha,

A medium up to 200 000 ha,

A 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- s
dieback-in-Great-Britain.pdf P ; SRR
. Cantains Ordnance Survey data

Crown g and database nights [2012]



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 over Time
Slodiversity

Biomass
Seil Layer

Frederic Clements: linear succession

2. Scrub phase: spread of
thorny shrubs excludes
herbivores; young trees grow
up with the shrubs and
eventually overtop them.

2. Scrub

1. Park

1. The open or park phase: largely
open landscape with a thin scatter
of trees left from the previous
grove; vegetation mainly grassland
or heath species.

3. Grove: tree-
dominated phase of the
cycle; closed canopy
shades out the shrubs;
herbivores return,
preventing regeneration.

Vera 2002 The dynamieuropeaanforest

3. Grove

4. Break-up

?

4, Break-up: period
during which the canopy
opens out as trees die;
vegetation shifts from
woodland to grassland

species

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 placevherean organism makes its
home.

Ahabitat refers to the array ofesources
physical and living factorsthat are
present in anarea, such as to support
the survival and reproduction of a
particular species.

AFound across the UK in a Wlde range of
habitats - woodland, 1 _gSas
heathland, moorland R

Insects form the bulk ~ 80 %

Wren: 11 million breeding pairs.



Ecospacer a more unifying and dynamic term

Ecospace Encompasses:
: Aabiotic position,
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Tree related micro habite

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 rootbuttress
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; xerethermophilous

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 / heavyesinosis/ excretions (pH)

Larrieu, L., Paillet, Y., Winter, S.Butler, R., Kraus, D., Krumm, F,, ... ¥andekerkhove K.
(2018). Tree related microhabitats in temperate and Mediterranean European forests: A
hierarchical typology for inventory standardization. Ecological Indicators, 84, 19207.

-

Epiphytic, epixylic and parasitic | .8,

structures (Vertebrate nest)

o2/l uwe

5
Crown deadwood
— (Remaining broken limb)
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Fresh exudates (Sap run)
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Cavities (Trunk rot hole)
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Fruiting bodies of saproxylic fungi
and slime moulds (Pulpy agaric)
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Insects & Arachnids
Gastropods ( Birds
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Lichens W& Vascular plants & ferns



Concept of a nicheéhe 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) |

'00:00 0600 1200 1800 2355

Humidity offset (%)

A

0000 0600  12:00

VPD offset (kPa)

1800 2355

00:00 0800 1200 1800 2355
Time

- dendrotelm - forest

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

ovacs et. al. 2024Small oases below the canopy: The cooling effects of watfdted tree holes on the local microclimate in oakdominated stand
https://doi.org/10.1016/j.agrformet.2024.110058

K



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

Ecosystem

AE H#Y 1t ! tgepliacédosissid
complex of a large number of
communities in one climate
region.

Aa fundamental functional unit
In_ecologyin which the abiotic
and biotic environment are
functionally stable at a certain
trophic level of matter
circulation

ECOSYSTEM




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

AAtlantic forest
ABoreal
AEtc.

Natura 2000 and Forests
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regions of
Europe

. Arctic
B Borea
Atlantic
| Continental
Alpine
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Mediterranean
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| Black Sea

B Anatolian

ANeY 3 map by the
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Biomesrt 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
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living system

AFood manufacturing (photosynthesis)

AStoraﬂe (parenchyma in the meristems
medullary rays & leaf starch (apoplast)

ACell division and elongation (growth)
ARespiration (production of energy)
A2 13nIJUHIIWE '+ qlJd Wer 9

ATranspiration and gas exchange (wast
disposal)

A Stability T root anchorage

ASupport systemT secondary thickening
(lignification & bark formation)

AReproduction T system end product

TRANSPIRATION
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-
s.
-
z
=
(=)
o
-4
=
<
E-

Alonzo, &Kindsvater2008https://doi.org/10.1016/B978-008045405-4.00856-9



With a linear life history

Four phases in the life of a tree: AUnderstanding ageing in trees
ASeedling shouldbe understood in terms
of the cambial layerintroducing

AFormative the link between the influence
AMature of external event®n
AAgeing (not Senescent) physiological function, growth of

anatomical structures and tree
morphology.




However: 3 ways trees can age

AChronological 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.

AOntogenetical 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.

APhysiological ageing reflects primarily the senescence that is
iInduced In the tree or part of the tree through abiotic and other
stresses.



Generalised tree aging stages: after Fay 1987

\ {

-t e =2 S A

Loss of Apical Dominance Crown Retrenchment > Decaying Woody Habit

( | Apical Dominance 5 q
1 2 4 5 6 7

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

Ageing Process: from seedling to death in a standard tree in, Scottish Natural Heritage Research Report No.7&8%eview of the theory and practice of tree coring on live ancient and veteran treesttps://www.nature.scot/sites/default/files/2018 -
09/Publication%202018%206%20SNH%20Research%20Report%20789%2820A%20review%200f%20the%20theory%20and%20practice%200f%20tree%2060g9%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

AThe 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 Banches, Stem ot gccount for physiological or
environmental each year developmental changes.
conditions: 3. Significance : Useful for

| Woody Stem determining the age of a tredor

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 BYSA 4.0, https://commons.wikimedia.org/w/index.php?curid=106194158



Ontogenetical Ageing

1. Definition : Relates to thegenetic
potential and developmental phasesof
the tree, from germination to eventual

\Age at maturity senescence.

Acquired Growth M = , 2. Focus: The lifecycle stages (e.g., phase
resources / Size at maturity change of juvenile, mature, =

| — senescent), driven by the activity of

Q ﬁ_, meristematic tissues (growth regions).
— 3. Significance : Highlights thebiological
potential and growth patterns of a tree | _

Simplified hierarchical representation of gkt WAINz2ARCcCGWNnYIl We Ul |
ontogeny, with age and size at maturity as dynamics, reproductive capacity, and
phenotypic end-points (after Berner and FOW trees adapt their structure over
Blanckenhorn 2007 https://doi.org/lo.1111/j.l365—2435.2007.01253.)() Ime.
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 L .
Osmotic adjustment T 1 Def|n|t|on . InVOIVeS the age|ng
Leaf Proline biosynthesis i prO(_:eSS |nﬂuenced by
. Antioxidative response T environmental stresses, such as
Aquaporin expression T drought, disease, or nutrient
Vessel frequency T def|C|enC|eS.
Stem — L 2.Focus: The functional decline or
Entiosdativaresponses) ageing at cellular and tissue levels
Agquaporin expression il due tO eXtemal faCtOI’S.
ABA Blosyrithesls 3. Significance : Offersinsight into the
Root | N ABA signalling 1 health, vitality, and stress resilience
Aquaporin expression ofatree.f qkt WGc| qRAz2 G C |
| Suberin® In forestry, conservation, and
Molecular and physiological N P glri]r(rj]%l’;zt%?]glr?ggethe effects of

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 ageiBgutovskaet. al. 2013https://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.

:
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Tree form and function

Apical growing
points

Carbohydrate compounds flowing
downwards through inner bark

Radial transportation along rays

Water and minerals flowing
upwards through sapwood

Carbon dioxide —»
—
c 44—
g Oxygen <— f
3 ¢ 2 A\
© </ | ‘xo
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| i l'_ = ."/,,
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Diagram of the most important life forms based on the classification by Raunkiaer (1934)

1+ 2 | Hydrophytes (Hydr.) water plants
3 Helophytes (Helo.) winter buds under water
flowering plants above water
4 + 5 | Crytophytes or geophytes | (Geof) winter buds below ground
6 Hemicryptophytes (Hemi.) winter buds above or just below ground
7 + 8 | Chamaephytes (Cham.) winter buds up to 50 ¢cm above ground
9 Phanerophytes (Phan.) winter buds at least 50 cm above ground
(i.¢. trees, shrubs and lianes)

Tree ecosystem:

Trees are ecosystems because they contain living and neliving
parts that interact.

A ;I'he living parts include the tree's roots, trunk, branches, and
eaves.

A No_n-livinq_parts include the physical environment, such as the
soil and climate but also the dead wood (and extruded
necromass).

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



Liminal organisms (dead or / and alive)

. . . 3 \‘ A \ ,-(
AChange in environment leading to stress S X )k
(reversible) or incrementally to strain (non LR TN £
reversible).

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

AThe progressive thinning and attenuation of [EREEEE . b 1
radial increments of new wood & bark around SRS
the core (as girth increases)
AOcclusion (regenerative growth) or

ADevelopment of xylem dysfunction, oxidation
& decay columns

ADendrotelms are one of many types of tree
related microhabitats (TreMsB/.

Tree injuries and

Field guide to TreMdittps://www.waldwissen.net/en/forest -ecology/nature-conservation/field-guide-to-

tree-related-microhabitats P hOtO: RitaBUtler (WS L)


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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https://greenlab.cirad.fr/fGLUVED/html/P1



Tree mortallty IS mainly due to external
RUNGaBUHRIIL AWl ¢ aqd1Jl LWa

Factors that contribute to physiological aging

A Longevity of trees can depend on

A Environmental stress: Trees can experience stress from water availability, rot fungi,

environmental conditions. insects, and disease.
A Slngle tree can behave as a A Damage: Trees can be damaged by wind, fire, ice, or snow.

. . Q . . . - . . n - . " .o . ._.I o . . e.
population of modules, which _ architectural auit e plant
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Factors that affect how trees age
A Genetics: The timing of developmental transitions is regulated genetically.

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

Brukhin, Vladimir & Morozova, N.. (2011). Plant Growth and DevelopmenBasic Knowledge and Current Views. Mathematical
Modelling of Natural Phenomena. 6. 153. 10.1051/mmnp/20116201 .



Mortality spirals &
energy budgets

D

Avoidable or a least can be delayed regenerative
organisms




