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Presenter
Presentation Notes
Thanks for the opportunity to talk to you today about the impacts of pests on plantation productivity.
I will be presenting some of the outcomes of nearly 15 years of work, synthesised into what I hope are some practical insights into when and where pest damage might be a problem.
A lot of what a will present comes from a current FWPA-funded project, that focuses on risks, impacts and adaptation to climate change
For a range of reasons that will become obvious soon, I will focus mainly on defoliating pests.
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Overview
Key pests and how they damage

Rotation-length impact: important damage features

Climate change:
« Pest distribution and abundance
» Host sensitivity and impact
« Management strategies

Adaptation strategies
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Presentation Notes
I will briefly mention key pests and how they damage, which will provide a segue into the approaches we have taken to examining rotation-length impact
I will discuss important damage features in terms of severity, frequency, pattern and age of damage
Then I will touch on climate change and how it might affect both host susceptibility to pest damage and the pest itself
And finally I will talk about adaptation strategies for managing pest impacts



Historical responses

* Coordinated industry response to pests that kill
softwoods
- Sirex, Ips
* Less attention paid to non-lethal softwood pests, or
eucalypt pests
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Presentation Notes
Historically the plantation industry has been very active in managing pests, but typically only those with an obvious impact on stand volume.  These have generally been pests such as Sirex and Ips, which have caused extensive mortality in pine plantations in the past.  It is really obvious damage that has an obvious impact on your bottom line.
Defoliating pests in general have been ignored – although this is not universally the case – perhaps because it has been more difficult to quantify their impact.  Defoliation alone rarely results in tree death – although in conjunction with stresses such as drought it can certaily contribute to mortality.  So it effect is not as visually obvious.
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Defoliation from Autumn gum moth, Tasmania
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Does non-lethal pest attack matter?  This generally boils down to how much productivity is lost

This is one of the few examples of the long-term impacts of non-lethal pest damage on productivity.  It shows the responses of eucalypts to early-age autumn gum moth attack of intensities varying from o – 90%, and clearly demosntrates that at one site at least 90% defoliation at around 2 years of age had a considerable impact on stand volume at age 8 years.
But these sorts of analyses are rare

  What I want to do today is highlight the types of damage that might result in significant reductions in productivity, and some of the issues in getting to grips with pest impacts in plantations.


Key pests of temperate plantations

* 75% of key plantation pests are defoliators
* 20% are stem pests
* 5% are root pests

FWPA project:
Adaptation strategies
to manage risk in
Australia’s
plantations
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In a recent summary of key plantation pests in Australia done as part of an ongoing FWPA project, we identified 19 species in consultation with forest health experts.  This doesn’t cover all pest species found in plantations, but covers the ones that have been demonstrated to impart significant damage at present.
Of these, 75% were defoliators – sap sucking and leaf chewing insects and foliar pathogens
Only 20% were stem pests – wood borers primarily
And only one species of root pest was identified – Phythopthora cinnamomi

So we think this gives us good justification for good justification for focusing on defoliation impacts in the work that we do.



amage features

Pest species Susceptible Season of Affected Foliage Defoliation
stage damage organs targeted pattern

AnOp/OgnathUS Sp All SPR, SU, AUT Leaves, shoots Juvenile, adult Entire crown
Gonipterus Spp All SPR, SU Leaves, shoots Juvenile, adult Top-down
Heteronyx Spp All SPR, SU, AUT* Leaves, shoots Juvenile, adult Top-down
Liparetrus Spp izedlings and trees <2 SPR, SU, AUT Leaves, buds, shoots Juvenile Entire crown

2 Seedlings and young SU, AUT Leaves Juvenile Bottom up
Mnesampela privata e
ParOpSiS, ParOpSiSterna, All SPR, SU, AUT Leaves, buds Juvenile, adult TOp down
Chrysomelid spp
Uraba lugens All ity St Juvenile, adult |®oom v
Creiis /ituratUS All SPR, SU, AUT Leaves Juvenile Top-down
ESSige”a Ca/lfornica# Post-canopy AUT, WIN, SPR Needles 1YO needles Bottom-up

closure

2 Post-canopy closure SPR, AUT Needles 1 YO needles; not current Entire crown
Cyclaneusma minus e
Dothistroma A PPRSY hieedles Any age Bottom-up
septosporum
Kirramyces euca/ypti All SPR, SU, AUT Leaves Juvenile Top-down
Teratosphaeria spp Before phase change SPR, SU, AUT Leaves Juvenile Top-down
PUCCinia pSIdIIA Young SPR, SU, AUT Leaves, tips Juvenile Top-down
Quambalaria Spp Pre-canopy SPR, SU Leaves, tips Juvenile Top-down

closure
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Presentation Notes
This is a list of the defoliators here.  Don’t focus on the individual species, but more on the damage features:
- Susceptible ages from pre-canopy closure, post canopy closure to all ages
-foliage targeted juvenile, adult or both
-defoliation pattern top down, bottom up or throughout the crown
So if you want to understand how a range of different defoliators might affect productivity, you need to be able to account for all of these elements.

We have some indications from short term empirical studies of the types of damage features that cause greatest impact, but no real understanding of how this plays out throughout a rotation.


* Generally short term -
not rotation-length

* Generally young
plantations

* Provided basis for
modelling defoliation
impacts
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In the past we have relied on empirical studies to help us understand impact. But this approach is limited when there are a lot of possible permutations and combinations of damage features.  It becomes really hard to cover all of the possibilities.  So what we have focused on is developing a physiological understanding of responses to different types of damage, which then allows us to explore a range of possible scenarios.

-The empirical studies to date have provided a good basis for modelling defoliation impacts, for identifying damage thresholds and exploring a range of what if scenarios to identify the damage features that are likely to be of most concern.
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Presentation Notes
The model is CABALA, for which Mike Battaglia and Peter Sands developed a defoliation component requiring fairly simple inputs in terms of how much leaf area is lost and where from in the crown.
 It is a model that captures defoliation impacts, and gives us some flexibility in defining where the defoliation has occurred in the crown, when it occurs, how frequently, and how much leaf area is lost.

While the model is there for anyone to use, in our project we have been focusing on synthesising and summarising information and producing spatial databases that people can access if they don’t want to use CABALA themselves
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The scenarios

High and low productivity sites selected (8 in total)
Low, moderate and high soil fertility applied
Standard silviculture

Defoliation:
e Severity: o, 20, 40, 60, 80% leaf/needle loss - THRESHOLDS
e Early vs later-age
e Bottom-up vs top-down
e Single vs chronic

e Spring vs autumn

Average of 20 model runs per scenario
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We used the model to examine a range of defoliatoin scenarios to help identify features of defoliatoin that might be of more concern to managers
We selected a range of high and low productivity sites in southern Australia, where productivity was primarily defined by rainfall and temperature
We manipulated soil fertility at each of these sites to be low, moderate or high
We applied a standard silviculture for either E. globulus or P. radiata. 
For E. globulus this was: plant at 1111 sph; fertilise spoon after planting with 50 kg urea \/ha; clearfall at 15 years.
For P. radiata it was: plant at 1333 stems/ha; fertilise soon after planting with 50 kg/ha urea; thin to 700 spj at age 10; thin to 450 sph at age 18; thin to 250 sph at age 25; clearfall at 35
We then applied a range of defoliation scenarios. Firstly a range of severities to help identify thresholds below which final stand volume was reduced.  Then we compared early and later-age defoliatoin, bottom up vs top down, single versus 3 defoliatoin events, and season of defoliatoin
All of the results I will present are an average of 20- model runs per scenario.


Thresholds: E. globulus
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Empirical studies have indicated that, for young plantations, loss of around 50% of leaf area can be tolerated without loss of growth, with less loss being tolerated at lower fertility sites.
-in our analysis here, we can get 2 pieces of information.  The first is the level of defoliation at which final stand volume starts to be reduced.  The second is the level of defoliation at which volume is reduced below a predefined threshold, usually based on some economic value.
So for the E. globulus example here – a single site in South Australia – The defoliatoin threshold above which volume starts to decline is around 40% following early age defoliation, but 20% for later-age defoliation.

If we say we can tolerate a 5% reduction in volume, then the important defoliation threshold then is 60% for both early and later age defolaition but you can see with the high productivity level that threshold is never actually crossed



State |Produc Defoliation threshold*
tivity Early Later
High Mod Low High Mod Low
SA-GT lower |- - 60% - 60% 60%
SA-GT higher |- - 60% - 60% -
SWWA |lower |- - - - 70% 70%
SW WA |higher [40% - - - 70% 70%
Tas lower |60% 40% 40% 70% 70% -
Tas higher |60% 60% 60% 60% 60% 60%
Vic-NSW |lower |50% 60% 60% 70% 70% 70%
Vic-NSW | higher [50% 60% 60% 60% 50% 60%

*level of defoliation that results in 5% reduction in harvest volume
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Presentation Notes
In this table we show the threshold level of defoliation that reduces stand volume by more than 5% - this may or may not be a realistic level – when we asked around people couldn’t tell us what the threshold should be. But of course you can use whatever threshold value you want – and it can be expressed as a  percentqage or absolute volume

Looking across the sites, there is some variation between sites in the defoliation thresholds.  For early age defoliation of globulus, the threshold varies between 40 and 60%, whereas for later-age defoliation it varies between 50 and 70%.

A key point here though is that there is a lot of between-site variation, and this was obvious throughout all of our analyses, highlighting the difficulty in coming up with summary recommendations.  While we can do this, you will always get a better answer if you can do site-level assessments


/ Thresholds: P. radiata
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For P. radiata, lower levels of defoliaton generally affected volume, but didn’t necessarily push stand volume below our 5% threshold.  In this example 20% defoliation started to reduce stand volume, but it wasn’t until higher defoliation levels that volume reductions were more than 5%


State |Producti Defoliation threshold
vity Early Later
High Mod Low High Mod Low

SA-GT |lower - 60% 70% 60% 60%
SA-GT |higher - 60% 80% 75% 65%
SW WA |lower - 60% 80% 75% 60%
SW WA |higher - 60% - 75% 65%
Tas lower - 60% - - 60%
Tas higher - 70% - 70% 65%
Vic- lower - 70% 80% 65% 60%
NSW

Vic- higher - 80% 80% 75% 65%
NSW
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Presentation Notes
The level of defoliation that resulted in volume losses greater than our 5% threshold were higher than those for E. globulus.  Following early-age defoliation volume only dropped below our 5% threshold when site fertility was low.  With later age defoliation, the defoliation threshold varied between 60 and 80% with the threshold generally being lower when fertility was low.
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Presentation Notes
IN general later-age defoliation had more of an impact than did early age defoliation, and this will become apparent in the following slides.
This figure also highlights this point. For P. radiata, you can see the effects of the various defoliation levels following early age defoliation, but the stand has time to recover before harvest.  Whereas following later-age defoliation the recovery time is less.

The pattern is a bit more dramatic for this E. globulus example, where early-age defoliation does have some small impact at the end of the rotation, but later age defoliation, particularly at high levels, had a really substantial impact on production with no recovery over time.


Defoliation pattern: E. globulus
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Presentation Notes
When applying different defoliation patterns, we broadly categorised them as either top down or bottom up
Within those broad categories, pests obviously damage in different ways – some target inner or older foliage while others target outer or younger foliage within those broad categories
We used a standardised approach here, and assumed that the defoliation occurred throughout either the upper or lower crown

This figure is typical of the sorts of results we obtained.  
For E. globulus bottom-up defoliation had a greater impact on rotation-length volume than did top down defoliation, whereas if the defoliation was later-age, then top-down defoliation had the greatest impact.

This is not surprising.  In pre canopy closure trees the lower crown fixes a lot of carbon so losing it would be expected to have an effect.  Post-canopy closure, we would not expect removal of the lower crown to have as large an effect as removal of the upper crown.
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For P. radiata, it was always the top down defoliation that had the greatest effect, with a larger magnitude of response following later age defoliation


Defoliation frequency: E. globulus
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IN general, one defoliation event either early or late in the rotation did not have much of an effect on final volume.  But increasing the frequency to 3 defoliations either early or later resulted in the largest impacts on final volume.
This is one example for E. globulus– there was variation between sites, but the general pattern of higher frequency defoliations resulting in greater impact was consistent throughout


Defoliation frequency: P. radiata
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The story was the same for P. radiata.
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Summary

Later age of more concern than early age

Top-down generally of more concern - although
bottom up for young E. globulus

Single defoliation events generally of less concern than
multiple events

Defoliation thresholds:

» Between 20 - 40% defoliation reduces stand volume
» What is the economic threshold?
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To summarise the impact work:
Later age defoliation is of more concern than early-age
Top down is generally of more concern than bottom up
Multiple defoliation events are of more concern than single events
And defoliation thresholds need to be considered in terms of what is an economic threshold – and that is likely to vary between businesses. But we can provide indications of absolute or percentage reductions in stand volume



L ]

/ = 77777\\”7” //(///
Phenomenon and Likelihood that trend Likelihood of future trend
direction of trend occurred in late 20t based on projections for

century 218t century
Warmer/fewer cold Very likely Virtually certain
days/nights over most land
areas
Warmer and more frequent Very likely Virtually certain
hot days/nights over most
land areas
Increased frequency of Very likely
heatwaves over most land
areas
Increased frequency of heavy Very likely
precipitation events
Increased area affected by in many regions
drought since 1970
Increased intense tropical in many regions
cyclone activity since 1970
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What can we expect from pest attack in the future? One of the key elements affecting pest distribution and activity is the climate.

There have been trends in our climate over the last 40 years or so, that suggest that our climate has been warming, with an increased frequency of heatwaves and heavy precipitation events, an increase in the area affected by drought, and an increase in cyclone activity.  
Climate projections suggest that these trends can be expected to continue through this century.
An added complexity into the future is more rapid rates of increase of atmospheric carbon dioxide concentrations



plications for plantation

productivity

Impact

Possible outcome

Warmer MAT

Increased frequency of
heatwaves

Increased drought
conditions

Elevated atmospheric CO,

Change in seasonality of growth and increase in length of growing
season

Increased pest damage
Reduced frost hardening and increased susceptibility to frost

Increased transpiration and evaporation resulting in increased water
stress

Increased rates of photosynthesis that may increase growth rate

Tissue damage, protein denaturation and mortality, particularly if
combined with drought

Greater soil evaporation leading to increased plant water stress
Greater post-establishment mortality

Reduced leaf area index and therefore decreased growth rates
Tissue damage and mortality

Greater susceptibility to some pests e.g. stem borers

Greater post-establishment mortality

Increased growth where water and nutrients are non-limiting
Increased allocation of biomass below-ground

Greater water-use efficiency that may reduce drought effects
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This has a number of implications for plantation productivity, and I think we need to understand that before we can think about how pests might fit into the equation.  The key issues from the perspective of pest damage include:
Possible changes in seasonality of growth and lengthening of the growing season, meaning that favourable food sources may be available to pests for longer, resulting in increased pest damage;
Increased susceptibility to frost and greater frost damage, which may stress trees and predispose them to pest attack
Increased heat and water stress, which are likely to stress trees and increase their susceptibility to pest attack
Water stress is known to increase susceptibility to some pest types such as stem borers
Increased CO2 concentrations may promote growth, which may aid in recovery from pests, but this is unlikely to occur if water and nutrients are limiting growth responses to CO2, as is suggested for much of Australia



activity, damage

Impact

Potential outcome

Warmer MAT

Decreased precipitation

More extreme precipitation
events

Elevated CO,

Increased number of insect generations per year

Decreased winter mortality resulting in more rapid population build-
up

Increased late-season damage resulting in potentially greater
impact on growth

Range shifts to higher latitudes and elevations
Increased risk from pests such as stem borers
Possible decreases in risk from foliar pathogens

May favour foliar pathogens if high relative humidity occurs

May wash insects and larvae from leaves

Increased development and reproductive rates in some insect
guilds

Increased fecundity and aggressiveness in some necrotrophic
and biotrophic fungi

22
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Changing climate is also likely to have some important effects on pest distribution, abundance and activity
Warmer temperatures are likely to favour many insect guilds, resulting in more generations per year, resulting in increased late-season damage which we know has a greater impact on plantation productivity than does early-season damage
For some pests, we might see decreased winter mortality resulting in more rapid population build-up early in the growing season, and consequently more early-season damage
Importantly, projections suggest range shifts to higher latitudes and elevations for many pest species, and there is also the potential for new pest species to develop to fill the gaps left by specie shifting southwards
Reduced rainfall is likely to favour stem borers, many of which are attracted to drought-stressed trees
increased precipitation, or more extreme precipitation events, may favour foliar pathogens, and increased or more variable precipitation may favour some root pathogens
There’s not a lot known about the ways that insects and fungi respond to increased CO2 concentration, but there is some evidence of increased development and reproductive rates in some insect guilds, and increased aggressiveness in some fungi.
There’s obviously a lot here that we don’t know



What we don’t know...

BUT trees may produce more defence compounds
because of increased CO,

So levels of damage may be less than anticipated

Complex host-pest interactions
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And we shouldn’t lose sight of the fact that systems do tend to develop an equillibrium over time.
There is evidence that one of the responses of plants to elevated CO2 is an increased production of defence chemicals, often at the expense of growth.  So levels of damage may be less than we might otherwise expect. Although this may not mean the trees grow faster, because of greater allocation of resources to defence
But have to also consider that climate projections suggest rapid rates of change during this century, so we may not reach an equillibrium state
So it is fair to assume that pest activity and abundance within their ranges will increase in the coming years, and therefore it is reasonable to want to understand the likely risk and impact of pest outbreaks, and to think about ways of managing these



Impact may increase
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Modelling studies that we have done in the past for the Australian Greenhouse Office predict that the combination of less favourable climatic conditions for tree growth, and more favourable conditions for many pests, will result in a greater impact of pest attack on productivity in the future.
Although this is likely to vary between sites, as is illustrated here, where at some sites defoliation has no effect on productivity under current climatic conditions but is projected to increase dramatically by 2070, whereas at other sites the pest impact is relatively unchanged over time
The figure shows the percentrage reduction in productivity related to defoliation
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We can use species distribution models such as CLIMEX to look at potential changes in pest distribution into the future.  CLIMEX is a bioclimatic niche model that predicts distribution based on climatic suitability – defined either from the climatic conditions the species currently prefers, or understanding of lifecycle requirements. 

This is an example for Essigella californica, showing climatic suitability for the pest now, in 2030 and in 2050, where the red indicates optimal climatic conditions and the yellow indicates marginal suitability.  These sorts of analyses give broad brush indications of climatic suitability, and do not account for other factors that affect whether a species occurs in a region or not.

While there are some issues with the CLIMEX approach, these types of models are pretty much all we have to go on for looking at potential changes in pest distribution.  We took published parameter sets for 3 eucalypt and 3 pine pests, and for one potential pest, eucalypt rust, to examine possible directions of change in climatic suitability across the temperate plantation estate.


Climatic suitability: eucalypt pests

Pest species Climatic Area of % of estate in each class
suitability estatein Current 2030 2050
class each class CSIRO 3.0 | Miroc- | CSIRO Miroc-H
(ha) H 3.0

Eucalypt pests

Autumn gum | Unsuitable 245258 9 16 15 24 47

moth Marginal 12138 5 3 2 3 4
Suitable 101693 37 39 35 35 31
Optimal 129976 48 40 47 38 48

Mycosphaerell | Unsuitable 50591 19 13 1498 13 Tt

a leaf disease | Marginal 125895 46 54 44 54 39
Suitable 76103 28 26 36 27 40
Optimal 15743 6 6 8 6 9

Eucalypt rust | Unsuitable 188510 70 70 69 70 69
Marginal 13057 5 5 2 11 3
Suitable 42078 15 20 20 16 20
Optimal 24687 9 4 8 2 7

Gum laef Unsuitable 184706 68 68 68 76 65

skeletonzer Marginal 16963 6 15 9 10 17
Suitable 6855 26 5 8 8 4
Optimal 59808 22 5] 1k 5 14

Total eucalypt estate 268332
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These are the results for the eucalypt pests. The pests are autumn gum moth, Mycosphaerella leaf disease, eucalypt rust, gum leaf skeletonizer. The area of the eucalypt estate falling into climatic classes of unsuitable, marginal, suitable or optimal were calculated for each, for now, 2030 and 2050.  We used 2 climate models.
I have highlighted red as indicating an increase in area falling into a suitability class, and blue as indicating a decrease in area.  So for Autumn gum moth, the model predicts no change in the area falling into the suitable class, and either no change or a slight fall for the optimal class.  The Miroc model projects an increase in the area falling into the suitable class for MLD, and an increase in the area with suitable climate for eucalypt rust also ins projected to increase slightly.  The arera suitable or optimal for leaf skeletonizer is projected to fall considerably.
This is only a handful of pests, but it does suggest that for the most part there won’t be a lot of change in climatic suitability for these pests over the next few decades. 


Climatic suitability: pine pests

Pest species Climatic Area of % of estate in each class
suitability | estatein Current 2030 2050
class each class CSIRO | Miroc- | CSIRO Miroc-H
(ha) 3.0 H 3.0
Eucalypt pests
Pine pests
D. septosporum | Unsuitable | 8483 0.8 2 1.5 4 2
Marginal 25540 3 5 3 6 3
Suitable 398103 40 56 35 58 38
Optimal 545963 56 37 61 31 57
E. californica Unsuitable |288284 29 15 19 7 13
Marginal 541592 55 70 69 89 76
Suitable 79204 8 14 9 4 9
Optimal 69208 7 0.07 2 0.01 0.05
S. noctilio Unsuitable | 14467 1 3 3 5 3
Marginal 10816 1 0.02 0.02 1 0.01
Suitable 326003 33 30 24 32 20
Optimal 626802 64 67 73 62 7l
Total pine estate 978089
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There is a similar story for the pine pests – Dothistroma, Essigella and Sirex.  
A reduction in the area of the estate falling into the optimal class is projected for dothistroma – it falls back into the suitable class.
Area with suitable climatic conditions for Essigella is projected to decrease, with an increase in area falling into the marginal category
And for Sirex either no change is predicted, or under the Miroc model an increase in the area classed as optimal is predicted.
Obviously these are indicative numbers only, and the key will be to maintain good monitoring programs, and to collect sufficient lifecycle information for a broader suite of pests so that this type of modelling can be extended to include other pests
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Distribution or niche models such as CLIMEX produce a relative scale of climatic suitability that gives you no indication of likely damage and therefore impact on the ground.
If you have good long term forest health records, it is possible to develop relationships between the relative climatic suitability scale and observed damage, which makes the previous distribution maps potentially more useful, and also means that you can link climatic suitability to things like possible frequency of pest outbreaks.

We did this for Myco by going back through health records for a number of years at specific locations around southern Australia, working out for each site what the climatic suitability, the ecoclimatic index, was in each of those years, and determining what score the sites had been given in a health survey – low, moderate or severe.  The relationship was pretty good, and allowed us to categorise EI into damage levels.
We could then use our knowledge of what low, moderate or severe damage was likely to mean in terms of leaf loss/leaf damage, to determine how much of the crown would likely be affected in each damage class.

We could then use this as an input into productivity models such as CABALA, to give us a link between pest activity and impact.



Frequency of outbreaks

Species Severity |[Ecoclimatic |Anticipated Frequency

rating index severity of (% of years)
defoliation

Teratosphaer | Low 0-24 0-30% 20

ia
Moderate | 25-37 30-60% 60
Severe |38+ 60+% 80

E. californica | Low 0-55 0-10% 30
Moderate |56-69 10-50% 60
Severe >69 50+% 100

Pinkard et al 2008. Climate change and Australia’s plantation estate: pest

impacts on carbon stores. Report to Australian Greenhouse Office
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We could also make the link between climatic suitability – the ecoclimatic index – and potential frequency of pest outbreaks.

We did this for Mycospharella leaf disease, and Essigella californica shown here. So for example for MLD with a low severity rating, we would anticipate a defoliation severity of up to 30%, and this might occur in one in 5 years
For Essigella, a low severity rating would equate to loss of up to 10% of needles, which might occur in one in 3 years, whereas a severe rating might result in loss of 50% or more of needles every year.
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Summary

Large uncertainties about how climate change will
affect hosts and pests

Site-specific assessments probably required to
understand impact

Tools for understanding changes in risk and linking to
impact
Monitoring pests and health assessment of hosts

critical for understanding risk and impact of climate
change
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To summarise:
Large uncertainties about how climate change will affect hosts and pests
Site-specific assessments probably required to understand impact
Tools for understanding changes in risk and linking to impact
Monitoring pests and health assessment of hosts critical for understanding risk and impact of climate change



Adapting to change
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Strategic

Operational

Industry-wide pest monitoring network

Use IPM to identify control measures

Develop pest distribution and damage
database

Profile potential new pests

Regular pest monitoring

Tools for assessing risk and impact and
ways of building resilience

Manage risk (eg species choice) or avoid
high risk sites

Maintain plantation resilience through
management:
-spacing, fertilising, species choice

Promote recovery with spacing, fertilising,
weed control

Control pests when thresholds are
exceeded

Define operational windows for control
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And finally, a quick word on adaptation.
How can we change what we do to reduce the risk or impact of pests now and in the future?
The sorts of strategies available to us can be categorised as either strategic or operational, which I have tried to do here, and you may well have other actions that could be included in the table.
On the strategic side, maintenance of an industry-wide pest monitoring network would be useful to get a spatial and temporal understanding of pest movements, hot spots, and impact of damage.
Linked to this would be development of a pest distribution and damage database, which can feed into improving our capacity to predict pest hotspots and identifying areas where control measures may be warranted/economically feasible
As conditions change, we would anticipate new pests emerging, so an analysis of what those pests might be and where they might be an issue would be prudent.
We now have some good tools for assessing risk and impact from pests, and both the tools and the assessments made with these tools require ongoing maintenance and updating to ensure managers have the latest information 
On the operational side, the key words I think revolve around ongoing monitoring, managing risk through for example species selection, avoiding high risk sites, maintaining plantation resilience through management, promoting recovery through management, controlling pests when thresholds are exceeded, and defining operational windows for control.


Promoting recovery: fertilising
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This is an example of how our tools – in this case CABALA – can be used to help identify strategies for promoting recovery following defoliation.  This is a E. globulus stand growing in southern Tasmania.  It lost 60% of its leaf area at 3 years of age, and we projected through stand volume to age 8.
The blue line is the volume we would expect if the stand was not defoliated.
The pink line is the volume we3 expect following defoliation
And the yellow line indicates what we would expect if, immediately following the defoliation, if we fertilised with 200 kg/ah urea.  In this case, we predict that fertilising would result in  complete recovery by the end of the rotation.
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Final thoughts

Good tools available for exploring defoliation impacts
e Site level
e Reports
e Databases
Regional discussions of risks and impacts of climate
change

Regular updating required as information
improves/changes


Presenter
Presentation Notes
Good tools available for exploring defoliation impacts
Site level
Reports
Databases
Regional discussions of risks and impacts of climate change
Regular updating required  as information improves/changes



Thank you
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