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=PFL  Schedule of the lectures

B FUNDAMENTALS IN ECOLOGY

Important dates:

. Deadline practical report: June 6t at
23h59

. Final exam: June 16t in GC B3 31
and GC C3 30 between 9h15 and
12h15 (no documents allowed)

WEDNESDAY - LECTURES - ENV 220 Week Teacher

19/2/2025 | 10h15-12h The nature of ecology (introduction) 1 T. Battin
26/2/2025 | 10h15-12h The physical environment 2 T. Battin

5/3/25 10h15-12h Adaptations to the Z:;/::;r;ment/PhysioIogical 3 C. Grossiord

12/3/25 10h15-12h | Population structure, dynamics, and regulation 4 C. Grossiord

19/3/25 10h15-12h Community Ecology | 5 C. Bachofen
26/3/2026 | 10h15-12h Community Ecology Il 6 C. Grossiord

2/4/26 10h15-12h Ecosystem ecology | 7 T. Battin

9/4/26 10h15-12h Ecosystem ecology Il 8 T. Battin
16/4/2026 | 10h15-12h Biodiversity and conservation ecology 9 C. Grossiord
23/4/2025 Easter Holiday
30/4/2025 ENAC Week

7/5/24 10h15-12h Climate Chan:soisn\:;a;;sson terrestrial 10 C. Grossiord
14/5/2024 | 10h15-12h | Climate Change impacts on aquatic ecosystems 11 T. Battin
21/5/2025 | 10n15-120 Restoration ecology. Principles of ecosystem 12 1. Battin

28/5/2025

10h15-12h

restoration, case studies

Applied ecology. Review and course wrap-up

C. Grossiord,

Applied ecology
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=PFL 1. What s applied ecology?

Applied ecology = the application of the science/concepts of ecology to real-world
(usually management) questions.

Applied Ecology

» Effective management of natural ecosystems depends on ecological knowledge.
» Applied ecologists use observation, experimentation, and modeling.

Example of applications:

- Agro-ecosystem management
- Biodiversity conservation

- Ecosystem restauration

- Environmental engineering

- Invasive species management
- Protected areas management

B FUNDAMENTALS IN ECOLOGY

- Wildlife management



and fire: impact on the local water
resources of a mega city
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What is Blue and Green water ?

Applied Ecology

Food (4%)

Green water flows

Grazing (18%)

Evapotmm%mtion

Grasslands (11%)

Farast
woodlands (17%)

Wetlands (1%)

Arid lands (5%)

Lake evaporation (1%)
Evaporation reservoirs (0.7%)
Others (5%)

Water flow (% of global total)
&

Storm runcff (27%)

Instream ecology (5%)
Available for

consumptive usa (3%)

Food-consumptive use (1.5%)

Domestic and industry (1 %)

Food non-consumptive usa (0.7%)

Blue water and green water flow that support global ecosystem services. Chapin et al. 2011. "Blue water" is the rainfall that enters lakes,
rivers and groundwater. This is the main source of water that we use and manage for industrial, domestic and irrigation purposes. Only 30-
35% of all water within the hydrological cycle is blue water. "Green water" is the rainfall that is either intercepted by the vegetation or enters
the soil and is picked up by plants and evapotranspired back into the atmosphere. Some 65% of all rain water is cycled through the green
water cycle and is the water source for rainfed agriculture.
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Lawrence DM, Thomton PE, Oleson KW, Bonan GB. 2007. The partitioning of evapotranspiration into
transpiration, soil evaporation, and canopy evaporation in a GCM: Impacts on land-atmosphere
interaction. Journal of Hydrometeorology 8: 862-880.

Applied Ecology
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How much water does a tree consume per day?

Applied Ecology

Bark
Phloem
Sapwood

¢ Heartwood

Tree trunk

Heated probe

/To sensor power regulator

<

To datalogger

Thermocouples

Highly variable but can be up to
1000L per day for large tropical
trees L

Xylem

Reference probe
(Non-heated)

Heartwood Sapwood

B FUNDAMENTALSIN ECOLOGY

Sap flux sensors
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How much water does a whole forest consume per day?
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Highly variable but can be up to 75% of the
precipitation that falls on a forest. =

B FUNDAMENTALS IN ECOLOGY
'E

Applied Ecology



=
-]
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How does stand development impact water use?

Applied Ecology

Clear-cut

+ old stand stand regeneration

3

"% stomatal conductance increases Old stand » Old stand
= with older trees/stands

£
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S HAl and basal area increases During regeneration, most water entering the
) system as precipitation leaves it through runoff
2 ow LAl and evaporation.
8
7 o Time
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=PeL 2, Context

Increasing runoff with reduced vegetation cover

Applied Ecology

500

400

1

old stand stand regeneration 300

200

100

0 20 40 60 80 100
Area deforested (% of watershed)

stomatal conductance increases
with older trees/stands

400 p=

LAl and basal area increases 200 - ° .

Change in water flux

Change in streamflow (mm yr™")

—200

low LAl _400

Time —600

Plantation age (years)

B FUNDAMENTALS IN ECOLOGY

Chapin FS lll, Matson PA, Vitousek P. 2011. Principles of terrestrial ecosystem ecology.
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Increasing runoff with reduced vegetation cover
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L

Change in water flux

2. Context

old stand stand regeneration

low LAl

stomatal conductance increases
with older trees/stands

LAl and basal area increases

Time
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Chapin FS lll, Matson PA, Vitousek P. 2011. Principles of terrestrial ecosystem ecology.
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Impact of deforestation on precipitation
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Longitude east
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Simulated percentage change in precipitation due to 2000-2050 business-as-usual deforestation of the Amazon basin.

Amazonian deforestation could lead to 12 and 21 % reductions in wet-season and dry-
season precipitation across the Amazon basin by 2050.

Spracklen et al. 2012, Nature
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3. Case study

The hydrological cycle and urban water use in an-

environment prone to catastro
A story from Melbou

N e T

in 2009 — Modis Aqua satellite image
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3. Case study

The hydrologlcal cycle and urban water use in an
environment prone to catastrophic'events —
Astory from Melbourne FRTLTS 3

Dust storm over Melbourne in February
1983
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Major vegetation groups

Eucalyptus tall open forest
Eucalyptus open forest and low open forest

[ caliiris, i forest and woodland
Melaleuca forest and woodland
Eucalyptus woodland
Eucalyptus open woodland
Tropical eucalypt woodland/grassiand

Mallee woodland and shrubland
Acacia open woodland

I Mangrove, samphire, sand, rock, saltlakes and freshwater lakes
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=PrL 3. Case study

Fires are an essential part of the ecology in Australia

Applied Ecology

Factors determining vegetation types:
a) Water

b) Temperature

c) Nutrients

d) Species interactions

e) Disturbance - Fire

_Lignotuber

Native vegetation has
evolved to rely on
frequent bushfires (e.g.
lignotubers, epicormic
resprouting).



https://www.abc.net.au/radionational/programs/archived/bushtelegraph/indigenouslandscape/5452886

=PrL 3. Case study

Timber plantations are more

susceptible to fires than natural forests

a b [
Victoria South NSW MNorth NSW
= T0% - t 2 g0% - = 0% *
z z ¥ 5
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= = . = s50% +
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Undisturbed Harvested Undisturbed Harvested Undisturbed Harvested
Forest history Forest history Forest history
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Logging increases the probability of
canopy damage during fires by 5-20%

[y
©

Applied Ecology

nature . MATTERS ARISING
ecology & evolution e

M) Ghack for updates

Logging elevated the probability of high-severity
fire in the 2019-20 Australian forest fires

David B. Lindenmayer 2 '=, Phil Zylstra"?, Robert Kooyman (3, Chris Taylor', Michelle Ward©* and
James E. M. Watson©#

ARISING FROM D. Bowrnan et al. Noture Ecology & Evolution https //doi org/10 1038,/541559-021-01464-6 (2021)

Bowman et al. (2021) Nature Ecology & Evolution
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¥ forest fire danger index

5000 - .
Cumulative annual total forest fire danger index,

000 Bendigo, 1974-2007 I
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http:/www .environment.gov.au/science/soe/2011-report/5-land/3-pressures/3-2-regional

3. Case S'hldy Fire frequency in Australia is increasing

because of climate change

Applied Ecology

Forest Fire
Danger Index
points/decade

400
300
200
100
0
—-100
-200
-300
-400

Fire weather conditions are
mostly worsening, particularly
in the south and east.

£60)010313\ JO Ne3ING :324N0S

Trends from 1978 to 2017 in the annual sum of the daily Forest
Fire Danger Index—an indicator of the severity of fire weather
conditions. Positive trends, shown in the yellow to red colours, are
indicative of an increasing length and intensity of the fire weather
season.
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3. Case study

Millennium drought (1996-2010)

Raintall Decile Ranges

Highest on
Record

Very Much
Above Average

Abova Average

Rainfall Declles (AWA grids 1900-pres.) s

1 March 2002 to 31 January 2003 3 3
Distribution Based on Gridded Data )
Product of the National Climate Centre 4

© Comenoowaalh of Ausslralia 2010, Ausiralian Buroau ol Meleoralogy 1D code: KMapAWAPDecilos Issued: 150712010
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Number of extreme days
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The frequency of extreme
heat events is increasing.

1910 1920 1930 1940 1950

ABojo.om13 JO Neaung :324n0s

1960 1970 1980 1990 2000 2010

Number of days each year where the Australian area-averaged daily mean temperature
Is extreme. Extreme days are those above the 99th percentile of each month from the
years 1910-2017.

Global change effects:
Heat waves/droughts - tree decline/mortality
- +++ amount and dryness of fuel

- Increasing fire risk

N
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3. Case study

Bush fires reduce drinking water yields in forested

areas in South-Eastern Australia

Journal of Hydrology, 94 (1987) 215-236 25
Elsevier Science Publishers B.V., Amsterdam — Printed in The land

n

PREDICTION OF WATER YIELD REDUCTIONS FOLLOWING A
BUSHFIRE IN ASH-MIXED SPECIES EUCALYPT FOREST

GEORGE KUCZERA

Water Supply Division, Melbourne and Metropolitan Board of Works, Box 4342, Melbourne, Vic.
3001 (Australia)

(Received November 11, 1985; revised and accepted March 11, 1987)

ABSTRACT

Kuczera, G., 1987. Prediction of water yield reductions following a bushfire in ash-mixed species
eucalypt forest, J. Hydrol., 94: 215-236.

Previous work on long-term yield trends following the 1939 bushfire in mountain ash eucalypt
catchments near Melbourne concluded that a relationship exists between the age of the ash forest
and average annual streamflow yield. In the light of additional hydrologic and forest data, this
study reassesses and extends the earlier work. A two-parameter model of the long-term yield trend
following & bushfire is proposed. It is shown to satisfactorily fit rainfall-runoff data for eight
catchments affected by the 1939 fires. In addition, the fits confirm earlier findings of significant
yield reductions and, moreover, suggest possible recovery in yields. Despite insufficient hydrologic
data to confirm these recovery trends, forest age and composition data indicate that recovery in
yield should be practically complete by the time the ash forest reaches maturity (about 100-150yr
after regeneration). The yield trend model with this infc Usinga |
least squares approach, regional models for the long: um yleld umd parameters L, (the maxi.
mum yield reducti d log X (th loped. Us lier regional model
only one forest parameter, namely the perm\lue of 1939 mmlh uh was found to be significant
in the prediction of L, . A simple simulation model based on the regional models is then developed
enabling evaluation of the effect of future bushfire (and logging) on catchment yield. This was used
to resolve di lusions about the si of yield trends in the O'Shannassy
catchment where the cﬂ'ect of fires prior to 1939 was shown to obscure the yield trends due to the
1939 fire. In addition, the simulation model was used to illustrate the potential vulnerability of
Melbourne's water supply to a major bushfire.

Forest Ecology and Management

Forest Ecology and Management 270 (2012) 1-10

B
R

Contents lists available at SciVerse ScienceDirect

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

Differences in water use between mature and post-fire regrowth stands of subalpine
Eucalyptus delegatensis R. Baker

Thomas N. Buckley***, Tarryn L Turnbull >, Sebastian Pfautsch®, Mana Gharun®, Mark A. Adams

* Department of Biology. Sonoma State Universiy. Rofert Park. CA, USA
* Bushfire Coaperative Research Centre. Melboure. VIC Austrafia
* Faculty of Agriculture, Food and Natural Resources, University of Sydney, Sydney, NSW, Australin

ARTICLE INFO

Article history

Received 22 November 2011

Received in cevised form § December 2011
Accepted 6 January 2012

Available online 2 February 2012

Keywords
Encalypus
Alpine ash
Sap flrx

Transpiration

ABSTRACT

We estimated plot level water use from sap flux measurements over a 9-month period, in post-fire
regrowth and mature plots of Fucalyptus delegatensis R. Baker (Alpine ash) in high elevation catchments
near Falls Creek. Victona, Australia, seven years after a major stand-replacing bushfire. Water use was
‘more than double (460 £ 100 mm year™" more) in regrowth as compared to mature plots, whereas sap
flux was similar between age classes. This difference in water use reflected 72% greater sapwood area
index and 35% greater leaf area index in regrowth than in mature plots. A small part of the difference
in water use can be attributed to noctumnal transpiration, which was greater in regrowth than in mature
plots (103 £ 0.8% vs 73 +0.8% of diel totals). As evaporative demand was 41% greater in mature than in
regrowth plots, these data suggest mean [ranspiration rate and stomatal conductance per unit leaf area
were approximately 16 and 23 times greater, respectively, in the regrowth. However, mid-day leaf water
potential and photosynthetic capacity were similar in bath age classes. Evaporative demand was the pri-
mary environmental driver of water use in all cases, whereas soil moisture was not a strong driver of
either water use or canopy conductance (estimated as sap flux/evaporative demand). Together, our
results suggest (a) stand water use rapidly recovers after fire in these high elevation forests and quickly
surpasses rates in mature stands, confirming projections by Kuczera (1987) for lower-elevation Mountain
Ash (E regnans) forests and highlighting the potential impact of tree water use on water yield in the first
decade of forest regeneration after fires, and (b) stomatal conductance and sapwood arealeaf area ratio
are both less in tall, older Alpine ash trees, whereas leaf water status and photosynthetic capacity appear
10 be sustained - consistent with predictions from optimisation theory but not Pipe-Model Theory.

© 2012 Elsevier B.V. All rights reserved.
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=PrL 3. Case study

Don'’t always believe textbook knowledge!
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=PFL 3. Case study

Reduced streamflow following a bushfire
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Kuczera G. 1987. Prediction of water yield reductions following a bushfire in ash-mixed species eucalypt forest. JOURNAL OF HYDROLOGY94: 215-236.
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Old stand

Bushfire

+ old stand stand regeneration —T
very intensive growth of the regeneration ~ — E
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Young stand

Following the bush
fire, increased tree
transpiration  (green
water) and reduced
runoff (blue water).
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ulation in Melbourne
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3. Case study

Rapid population growth in Melbourne over the past few years has increased water

usage
Melbourne’s total water usage increased
recent years.

Total water use remains below the levels
experienced prior to the Millennium Drought

(1997 — 2009), despite an increase in
population.
o
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Figure 5: Melbourne's total water use by segment
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Figure 7: Melbourne’s per capita residential consumption

Residential water use comprised 64% of
Melbourne’s total water use in 2017-2018



PrL - 3. Case study

Water supply of Melbourne —
catchments in forested areas

How water gets to you...

Melbourne Water
Wholesaler

manages the source and supply of water

and manages delivery to retailers

Retailers

. City West Yarra Valley South East
Provide water
Water Water Water
to your tap
>-
0}
o
-
8 Metropolitan
w
z
()
-
s
P4
w
s .
b4 Community
)
P4
2
[T
|

(‘Barwon Water

BASS STRAIT

Water supply storage reservoirs:

@ Greenvale
@ Toorourrong
@ Yan Yean
@ Sugarloaf
@ Maroondah
O'Shannassy

@ Upper Yarra
Thomson
Tarago
Silvan

. Cardinia

PORT PHILLIP BAY

Gippsland Water il

| South Gippsland Water:

Westernport Water

@
Other sources of water :
@) Victorian Desalination Project — Rivers
®) Sugarloaf (North-South) Pipeline Water corporation boundaries

—— Water supply pipelines and aqueducts
= Water pipeline owned by AquaSure
Water supply catchment area

Mid Yarra catchment

Applied Ecology
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3. Case study

The project was announced in June 2007
(peak of the millennium drought) when
Melbourne's water storage levels dropped
to 28.4%.

The plant was completed in 2012
However, Melbourne's reservoirs were at
81% capacity, and the plant was
immediately put into standby mode. The
first water was released for public use in
2017. In 2018-2019, two orders were
placed for 100 GL and 125 GL of water
(1/4 of Melbourne’s water demand), putting
upward pressure on water prices.

It is a controversial part of Victoria's water
system, with ongoing costs of $608 million
annually.

In August 2008, a 1,600-page environmental effects study report
was prepared and found that; "...several protected species could
be affected by the plant's construction and operation —but none
would be left "significantly” worse off.". The community was given
30 business days to respond to the report. Watershed Victoria
claimed that this was insufficient time for community groups to
analyze the report and prepare submissions.

Applied Ecology



30

=PFL 3. Case study

* Brine, also known as concentrate, is the by-
product of the desalination process that harms
the environment due to its high salinity.

Most common “4
brine disposal
methods in E ‘ B
the United | g — .
States and

Australia.

= Surface Water Discharge = Sewer Discharge = Deep-Well Injection 25 At 7

= Evaporation Ponds = Land Application = Other

= 7 ,//,//1/

» Most forms of desalination are very energy-intensive. Desalination has the potential to
increase fossil fuel dependence.

» Desalination surface water intakes are a huge threat to marine life.

B FUNDAMENTALSIN ECOLOGY

» Desalination is not very efficient, requiring large amounts of seawater.



=PrL 3. Case study
Long-term water supply and demand 8

850

With lower demands

800 With medium demands and lower climate change
and medium climate change impacts, we have enough
750 With higher demands and impacts, we have enough water until beyond 2065.
high climate change impacts, water until around 2043. Did you know that
700 we have enough water until although unlikely,
around 2028. it is possible that
650 in the lowest
Average annual supply and highest
volume  s00 S— demand scenario,
(gigalitres) : i we'll have a
550 : shortfall of water
' of over 450GL
500 = o - , by 2065.

450

400

350 L

2015 2025 2035 2045 2055 2065

B FUNDAMENTALS IN ECOLOGY

Source: Water for a future-thrving Melboume, 2017
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Action plan to conserve water resources

We've identified a number of actions in each of our Urban Water Strategies and the Melbourne Water System

Strategy, as well as the actions we've taken collaboratively in Water for a future-thriving Melbourne.

We've provided a summary of the key actions we're working on together and separately to enhance our water availability.

Permanent Water Use Rules Continuing to inform the community about the ‘common sense’ rules which ensure the wise use of water at all times.

Target 155 voluntary water efficiency program  Continuing to deliver the Victorian Government’s Target 155 voluntary water efficiency program that encourages metropolitan
Melbourne households to use water efficiently, aiming for 155 litres per person per day. The Victorian Water Efficiency Strategy
identifies opportunities to work together to deliver water efficiency measures.

Community Rebates Program This part-government funded program supports vulnerable customers to undertake plumbing improvements at home so they
can avoid unnecessary and inefficient water usage. This includes engaging a plumber to do a water audit, and subsequently
carry out minor plumbing works (e.g. replacement washers, dual-flush toilets, fixing leaking taps, replacement showerheads).

Integrated water management (IWM) Actively supporting the Department of Environment, Land, Water and Planning (DELWP) in the formation and delivery of IWM
forums, and leading the development of place-based IWM plans.

Desalinated water order advice Annually reviewing the level of water availability and storage forecasts to provide advice to the Minister for Water on the
desalinated water order volumes required to provide ongoing water security. In 2018-18, 15 gigalitres (GL) of desalinated water
was ordered with the desalination water order advice including non-binding forecasts of 100 and 125 GL for 2019/20 and
2020/21 respectively. (Source: 2018/19 Desalinated Water Order Advice, Summary of Technical Analysis)

Schools Water Efficiency Program (SWEP) Continuing the schools program which helps schools identify leaks, faulty appliances and inefficient practices. Since 2012,
SWEP has saved participating Victorian schools more than 4.7 billion litres of water equating to a saving of more than $13.7
million.

Network efficiency Undertaking active leak detection, reticulation mains renewals, district metering and trialling intelligent network technologies
to minimise non-revenue water.
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Applied Ecology

Mitigation of fire impacts and risk

Prescribed burning

Prescribed burning is the process of planning and applying fire
to a predetermined area, under specific environmental
conditions, to achieve a desired outcome.

* to maintain biodiversity,

* to mitigate the severity of bushfires and to help protect
lives and property by reducing the build-up of
flammable fuel loads, and

» to rehabilitate vegetation after disturbance, such as timber
harvesting and mining.

B FUNDAMENTALS IN ECOLOGY




P

B FUNDAMENTALS IN ECOLOGY

L=
[}

3. Case study

Mitigation of fire impacts and risk

Selective cutting

(a) Selective cutting

- Decrease in leaf area

- Decrease in transpiraton

- Increase in Runoff

Clear
stream

Fig. 9-6, p. 182

Selective cutting

T 200
2 y = 1.536x089 12 = 0.91
5
O 1504 +
2
1
&
100-
= Ry
Z  so- *
< !
a W r
=
I o
1 ) 1
= 0 50 100 150

LEAF AREA (m?)

Figure 8. Leaf area versus mean daily transpiration for the sampled

mountain ash trees.
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=PrL 3. Case study

Mitigation of fire impacts and risk

Stand structure, stand age, and species composition all
affect the transpirational demand and thus the amount
of discharge.

Resource partitioning

Aboveground
; Shading and

improved

canopy

Mixing different species with contrasting water use
strategies (Acacia and Eucalypt trees):

» Acacia trees take up water from shallower
layers than Eucalyptus (reduced competition)

« The taller Eucalyptus trees provide shading to Difretel
Acacia trees during warm and dry periods.

B FUNDAMENTALS IN ECOLOGY
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4. How to prepare for the final exam

Short Answer Questions (1 point per question / 10 questions in total)

1) 1s the process of natural selection resulting in changes in the traits of
populations over the course of generations.

Answer: Evolution

2) The process of using the sugars produced during photosynthesis to produce energy for
cellular activities 1s called

Answer: Respiration

3) A species with a high distribution range 1s referred to as

Answer: Ubiquitous

4) are the random variation in the environment that can influence birthrates
and death rates in a population.

Answer: Environmental stochasticity
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L 4. Howto prepare for the final exam

Essay Questions (maximum 200 words) (10 points each / 3 questions in total)

2.7
26 Grass species Bird species
T 25+ -
2
w 24 -
g [ i
> = -
5 23
8 22f -
@
o 21+ il = = =1=
7]
20 -
1 9 1 1 1 1
¥ Treatment Control Treatment Control
(Elephant (Elephant (Elephant  (Elephant
present) absent) present) absent)

(a) (b)

1) Question: (1) Describe what 1s depicted m the two figures above. (2) Explain the type
of species Elephants represent in African savanna communities, and how (i.e., through
which mechanism) they impact the diversity of grass and bird species. (3) Provide an
example of another species with a similar role as elephants for aquatic communities.

Answer:

(1) The figure shows the impact of elephant removal in African savannas on grass and
bird species diversity. The species diversity is indicated using the Shannon index (H")
I'he data shows that removing elephants from savanna communities reduces the grass
and bird species diversity, thereby highlighting the fundamental role of elephants (3
points)

(2) Elephants are keystone species i the savanna (1 point). They impact the diversity
of other species in the community because they eat woody vegetation, thereby reducing
the density of trees and shrubs. Lower woody species density increases the grass
diversity and biomass, m turn increasing the diversity of small vertebrates and large
herbivores (3 points)

(3) Other species that are keystone in aquatic communities include beavers, sea stars
and sea otters (3 points)

Interpreting a graph

1.

Always start by describing the figure
Make sure to answer each question
Stay short (200 words)

Exercise yourselves with the blank
exam copies from previous years
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Questions and feedback

Format of the class?

Format of the practicals?
Contents to explore further/less?
Other feedback?
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