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Assemble Harvey I&P Office
Welcome and introduction

Dieback Hygiene Management Policy Statement

- A.J. Williamson

Inherent difficulties associated with mapping dieback.

70mm aerial photography system. |
- K. VEAR

Interpretation procedures - J. Asher

Interpretation standards development - A. Lorkiewicz
MORNING TEA

Diebackfree maps - definitions, terminology - I. 01d
Hygiene Management Planning - G. Heberle

Hygiene Operations Implementation and Control - G. McArthur
Embark on bus

Travelling

LUNCH

Field Inspection

Summary

Days end at Harvey



PRELIMINARY GLOSSARY . OF ~DIEBACK TEPRMS

Dieback Symptoms :

Deaths of indicator species in a location and/or pattern strongly
suggestive of presence of Phytophthora cinnamomi.

Dieback: -

(also "Dieback forest"): Forest in which dieback symptoms are present.

Proven Dieback: forest where deaths of indicator species are
associated with recovery of Phytophthora cinnamomi. '

»

(This replaces: known dieback, certain dieback.)

Suspect: forest in which the evidence for dieback presence or
absence,is inconclusive.

(This replaces: pcssible infected forest, likely dieback,
guestionable dieback, doubtful dieback, assumed dieback,
probable dieback.)

Incipient Dieback: forest:in which Phytophthora cinnamomi is
present or suspected, but dieback symptoms are vet to appear

(This replaces: unexpressed dieback, latent dieback.)

Uninterpretable for Dieback: forest in which susceptible plants
are absent or too few to enable interpretation for dieback presence
or absence.

Interpreted Eisk: forest in which innoculum is potentially present due to
a proven D'b occurrence higher in the topography,but due to site
factors is otherwise uninterpretable for dieback presence or absence.

Infection:

The presence of Phytophthora cinnamomi in a particular locality,
as revealed either by recovery of the fungus and/or development
of dieback symptoms.

Dieback-Free Forest:

Forest apparently free of dieback.

(This replaces: unaffecteé forest, - creen forest, clean fcrest,
healthy forest, non-infected forest, uninfected forest.)

Dieback-tolerant Forest:

Forest in which site factors and/or species comcine so that tree
deaths will not occur if Phyvtophthoraz cinnamomi is introduced.

Note: (i) lack of Seaths does not infer no effects,
(ii)a cieback tolerant forest can have a susceptible understorey.

(This term replaces: Resistant forest, non-susceptible forest, low
impact forest, stands not predisposed to diekack, low risk forest.)




6. Dieback Spread:

An increase in the area of forest in which dieback symptoms occur.

6.1 Natural Dieback Spread: the growth of the fungus through the soil,
or its dissemination by natural agencies such as gravity of water.

6.2 Artificial Dieback Spread: transport of the pathogen by man or animals,
into dieback-free forest. This can involve expanding the area of
existing infection, and/or the creation of new infections at a point
or points removed from the original source of infected material.

v
. . . . e = ! . . .
These Terms Xeplace: the expressions "intensification and "extensification"
as they were applied to spread. f

7. Dieback Intensification:

The build-up of funagal activity in a locality, leading to decline and
death of susceptible species.

7.2l Terminal Expression: the end-point of intensification of the disease
at a particular site. Can range widely from death of single understorey
species to "gravevard". i

T "Graveyard": where P.C. has caused death of most plant species in a
community. ' '

8. Dieback Susceptibility:

An expression of the ease ané rapidity with which the pathogen is able to
bring about the decline and death of species in the forest.

Note: strictly speaking, susceptibility refers only to s;-=cies,
and not to sites.

9. Dieback Hazard:

hn expression of the degree to which site factors combine to favour
infection by the fungus and intensification of the disease.

10. Dieback Risk:

The likelihood of Phytophthora cinnamomi introduction by either natural
or artificial spread.

Can therefore have: Natural dieback risk or artificial dieback risk
(see Gefinitions 6.1 and 6.2)

11. Biological Impact:

The implication of the disease to the plant and arnimal cormunities of the
forest.

12. Manesgement Implications:

e e e it i iy S it 4. S .
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The implicetion of the cdisczse to forest managenent and land u



13.

14.

35S

16.

Site Sensitivity to Dieback:

An expression which combines the degree to which a site/species
combination favours infection and intensification (hazard), the
likelihood of infection (risk) and disease effects (biological and
management implications).

Safe Rcad:

A road on which it is not possible for a given machine or vehicle
to pick up and transport Phytophthora cinnamomi.
"
Unsafe Road: a road on which it is possible that Phytophthora
cinnamomi can be picked up and transported.

Note: any Gefinition of roads or access must be qualified by further
definition of such factors as surface, season/weather and type
-of unit using it.

Protectable Forest:

Dieback-free forest upslope from dieback or suspect dieback infection.

In protectable forest the risk of natural dieback spread is considered
to be nil or low. '

Non - Protectable Forest:

Forest downslope from dieback or suspect dieback infection in which
the risk of natural éieback spread is high.

Note: The expressions "protectable" and non-protectable" refer only
to risks from natural spread of the fungus. They imply nothing
about disease impacts or rate of disease intensification.
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INTRODUCTION

The plant pathogen P. cinnamomni has had a dramatic effect upon
the ability of large areas of the Jarrah forest to produce two
major valuable natural resources- water and Jarrah timber. The
potential remains today for this disease to further decimate
our forests, both through natural and man assisted spread.

It is part of the Forests Department's protection policy to
implement stringent hygiene controls on all operations in the
jarrah forest in an effort to minimise the spread of this disease.
Bowever, accurate, detailed information about the actual field
location of the disease, together with a sound understanding

of the disease biology and an appreciation of the variations which
may, and often do occur in the field expression of the disease,
are essential prereguisites for effective hygiene management
programmes within the jarrah forest.

The Forests Depariment is currently putting a large amount of
time, money and effort into implementing a ‘mapping system which
is capable of providing the Field Forester with a level of
dieback information which is reliable and accurate enough to
enable the formulation of satisfactory and meaningful hygiene
operations. It is indicative of the depth of the Forests
Department's concern about hygiene management that it persevered
with the six year development period which was required to bring
this new mapping system into commission.

The effectiveness of any hvgiene management programme is ultimately
determined by the implementing field foresters. TheiIr attitude

to the reliability and accuracy of the new Diebackfree Forest

Maps, and their understanding of what these maps, in reality depict,
will have a direct influence on future hygiene operations.

Hopefully, these notes, by describing the 70mm Aerial Photography
Technigque for mapping dieback, and aspects of disease recognition
in the field, will provide the reader with the necessary background
information from which to develop a more confident and improved
basis fram which to practise disease hygiene - not only when using
the new Diebackfree Forest Maps as they became progressively avail-
able, but also when using existing dieback information sources, eg.
current dieback plans, the field expression of the disease.



REVIEW OF PREVIOUS SYSTEMS OF MAPPING DIEBRACK

Between 1956 and 1962 attempts to map dieback were made using
varions aerial photography types and scales.

Intermediate scale {1:15,800) black and white air photos had
been successfully used to produce forest type maps so these
were investigated for dieback mapping. However, these photo-
graphs showed too little land contrast - due to the over
emphasis of natural gaps in crown cover - to enable accurate
intexrpretation for dieback.

Intermediate scale colour photographs sre generally not as
effective as black and white photographs of the same scale
for mapping dieback, as the contrast in colours between
affected and unaffected forest is generally less than the
variations in grey scale contrast on the black and white
photegranhs. i :

Experiments with false colour infra red film and multi-spectral
analysis of black and white infra red £ilm have likewise yielded
very poor discrimination of diseased forest. More recently
satellite multispectral scaning imagery has had cursory examin-
ation by the C.S.1.R.0. for dieback, but is unlikely to be
effective for detailed mapping due to the current coarse res-
olution and locational accuracy of the system.

The most effective conventional system of brcadscale aerizal
photography is 1:40,000 scale black and white photo interpretation.
This approach was cambined with road reconnaissance and off road
field checks to provide the basis of the Forests Department's
Dieback Mapping Programme. The Northern Jarrah forest was
successfully mapped in 1965, 1969/73, 1976 and dieback risk maps
were prepared in 1974. :
These maps have served the Department well in defining the gross
amount of dieback in the forest and the location of it's major
concentrations. The maps also emphasise in a broad way, the
nature of disease spread and the coarse environmental factors
which favour the disease.

It is from this base that the 70mm colour photography interpret-
ation for dieback occurrence has been advanced in an attempt to
produce very accurate and highly detailed maps which may be
directly and reliably applied to the control of field operations
with the objective of minimising the sprzad of the disease. These
detailed maps i.e. Diebackfree Forest Maps, are progressively
becoming available now.

(NB Refer Appendix II° "Four Different Methods of Mapping Dieback.
i.e. Road Surveys, Field Surveys, Small
Scale A.P.I. and large Scale A.P.I. -
advantages and disadvantages")



DIFFICOLTIES ASSOCIATED WITH MAPPING DIEBACK ACCURATELY

The reasorn for the various approaches to .mapping.dieback having
been investigated in the past is due largely to the intrinsic
difficulties in detecting indicator species plant deaths in the
field, positively xecognising the deaths which are P. cinammomi
infections, and then accurately recording the extent of the
infection. RAd4d to this the regnirement for mapping accurately
over very large areas of forest which cover a range of ecotypes
and disease expressions, with the complication of ‘current and
past operational activities in the mapping area which often
obscure disezse expression, then one forms some conception of
the natural problems associated with mapping diekack.

The nature of the mapping difficulties depend on the specific
type of mapping employed, however, the following general
problems exist which affect all types -of dieback mapping:-—-

Early Stage Infections are Difficult to Distinouish, Jdue to:

— a lack of unifommnity of indicator species in the forest.

— suppression of dieback expression on tolerant sites.

- the occurrence of many false symptoms in the forest, eg.

plants also die from drought stress, insect attack, fire etc.

— dense forest overstorey and/or middle strata canopy which
hide and suppress symptoms.

- verv early (or incipient dieback) by gdefinition is undetectable.

- tissue sampling of indicator plants is not 100% reliable.

- dieback expression varies markedly from area to area and
region to region.

— forest activities destroy evidence of disease presence and
create false evidence eg. burning , logging impact.

— lack of obvious causal agent/disease vector can be confusing.

Established Infections are Difficult to Map Because:

- salvage and "non-protectable" logging operations ruin dieback
evidence and create false evidence.

— fire creates false impressions on the ground and on aerial
photographs. -

— sites may have revegetated with tolerant species obscuring
the disease impact.

— boundaries are often extremely diffuse on the ground and hence
are very subtle on aerial -photographs.

- same natural site types look like dieback on aerial photographs.

— often there is a lack of fresh indicator species deaths in the
field to highlight and define infections.

- patchy infections have to be interpolated.

Problems Associated with Establishing Uniform Interpretation Standards

The task of interpreting aerial photographs for the evidence of the
biclogical impact of & dynamic disease upon a variety of dvnamic
ecosyvstems is intrinsically difficult.



The interpreter must skilfuvlly scan an often bewildering array
of visual symptoms and from it decipher disease expression.
Often the decisicns an interpreter must make are as simple as

dlffulCﬂtldtJ ng between black and white. However, when it
omes to the grey areas in decision making, the expericnced

LnterDre er comes into his own. i.e. It requires fine judge-
nent founded upon a wealth of experience to proportion the
uspect areas correctly into either diebazckfree or dieback
forest categories. Sometimes arecas must remain simply suspect
as there is insufficient evidence to allow the inter: veter to
lcgically decide whether P. cinnamoini is present er aizsent.

The maintenance of a common interpretation standsrd is very
difficult between interpreters, due to the subjectivity of
the perceived eyidence. It is'always difficult to compare,
contrast and accumulate mentally, evidence over large areas
in to useful experience ang, to be aBle to make other less
experienced people understand what that experienc telling
one about the disease and its behaviour on a given site.

=
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It is only through the adoption of logical scientific and
uniform procedures that one can ever hope to maintain &
reliable standard of cecision making when dealing with some-_
thing as nebulous as disease impact within a complex forest
system.

(NB: The procedures adopted by the A.P.&.I. Section for inter-
ting diseese QXE‘DSEJOD are describeé in Sections 5.8
Zppendix I)

THE PRESENT 70MM AERIAL PHOTOGRAPHY MAPPING SYSTEM

tionale

New infections of P. cinnamomi or extensions to previously
established infections will first become apparent to the
observer as characteristic death amongst a variety of highly
susceptible forest understorey plants - known as indicator
species, Once a P. cinnamomil zoospore makes contact with
the roots of one of these plants fungal hypae Gevelop,
growing rapidly up to the plant stem where the funogus
girdles the cambium just above ground level. Plant death
quickly follows.

One of the pieces of evidence usec in deciding whether

P. cinnamomi is present on a given site, is this sudden
death syndrome amongst the understorey indicator species.
Despite radically different physiologv blackboys ané zamia
palms also suffer the sudden cezth syndrome exhibited by
banksias ané persocnias. However, the reseazrchers still
do not understand the biology of the attack upon these
plants as they do not have a stem with & clearly Gefined
cambium layer.




The complete crown of the P. cinnamoni infected indicator plants
rapidly turns lime—green following gixdling of the cambium. Over
a period these leaves then turn orange. to yellow_to brown. They
remain on the dead plant stems until remocved by strong winds or
heavy rainfall.

It is these @d2ad highly coloured lesaves of the indicator plants which
provide the key to the interpretation of diekack occurrence in the
forest, as they are readily observed by a trained interpreter when
viewed stereoscopically (three dimensional image cbtained) at a scale
of about 1:4500 upon colour pcsitive photographs.

Photography Constraints

In reality, tbe task of photographing the relatively small understorey
indicator plants below the jarrah canopy is controlled by several
severely limiting constraints, i.e.
i)
(a) Season: There appears to be a strong seasonal link with the :
development of suitable soil temperature and moisture regimes;
which favour fungal activity. A major flush of indicator spe:cies
Seaths occurs about February each vear following late summer
season breaking rainfall. These Sead plants remain viakle For
photographing until the end of the following June.

(b) Overstoréy ‘Shadow: Any shadow cast by the overstorey canopy
renders tbe photographe largely urninterpretable by simply ma¥ing
it impossible to distinguish the understiorey plants - dead or
otherwise, i.e. under conditions of bright sunlight, the jarrah
canopy is beautifully highlighted whilst everything beneath it is
blackened.

Shadow is eliminsted by exposing the fiim when a diffuse light source
is illuminating the forest, such as occurs when a high continuous
cloud layer covers the target area. There are only approximately

15 days per autumn when suitable cloud conditions prevail over the.
various target areas - effectively limiting the annual photography
and mapping programme to a maximum of = 80,000 ha/year.

(c) Scale: 1In order to be able to see indicator plants on film, a scale
of 1:4500 is desirable. 1In theory this represents no great problem
as one merely changes altitude or the focal length of the camera lens
in order to achieve the necessary photo-scale.

However, due to the reguirement that a1l dieback photography must occur
under cloud, which in the S.W. has a clovdkase of B00 metres a.s.l.

achieving the correct scale with the type of cameras available for this
type of work, produces in tuvrn, & few potentially overwhelminc problems.
eg. "The aircraft flies at 50m /sec at an altituvde of 500 metres a.g.1l.
At this height the cameres photocrephs z swath of only 240 metres. 2

navication svstem is therefore recgui which 1s capable oi guiding the

red
pPilot accurately over flight lines at 180 metres offsets and up to 40%m lenath.



L)

{q).

(h)

however small or

*yage: To ensure that

isolated From wajor infections, is overlosked at mapping,
coumplete photo-coverage of the target area is essential.
i.e. mo phcto-gaps must oc -
avigation system snusi be capable of guiding the
gﬂot 3long eac :

20 melres © i

2 interpretation is enhaniced by viewing
ly the 3 dimensional image of the forest.

Fhoto~-localtion Reomdoiing: Each photograph covers™ &ha

i thus a 315,000 ha tzrget area will
enerate .approximwately 33,000 D‘dotog""ahs A photography
vstem had to be se Jeloped which was capable of accurately
and reliasbly locating and recording the origin of many
thovusands of photographs. :

: ¢

Forest Quarantine: Te ensure the maximun opportunity for the
detection of zll isolated small infections and to minimise
the pmbability of the creation of new incipient infections
pricor to mepping the target aree should be Quarantined before
being mzpped for diekack.

It reguires & minizmum of 3 growing seasons for new infections
to establish and express themselves in the understorey plants
or for a disturbed understorey community to return to a

semblance of mormality, allowing interpretable disease express

to occur,

Normal aerial photography constiraints also apply to this operation
eg. the need for aircraft stability, speed control, compliance with

D.0.T, regwvlations, l ight etc.

70mm Ze=rial Photography System

Following several years of intense developmental work, a system

was devised@ which overcames the technical difficulties presented

br the combined photography constreints. ~ The system involves
the integrated use of:

&) A Britten Norman Islander - as the photoaraphy piatfom.

b) Two Vinten Rerial Reconnaissance Cameras - robust enough and

fast enough to brovide the large number of pbotographs reguired

‘in stereo-pairs. Two carneras are used tc enable continuous
pbotography runs without breaks for film reloading.

c) 2 Quantum Intervalometer - allows the cameraman to control the

intervel between exposures and to adjust the lens appeture.
mcnitors film vsasoe, controlis inhe

I-H
1=

Also

'lm nuonberinc urnite and is

interfaced with the M.RK.D.P. (described H=low) ito enzkle inc-
]

ividual photo principal point locations to be detexmined.



(d) FHotorola Mini Range T1T System - Setermines the position of the

ajrcraft in f]luht with respect 1o two reference stations located
at xnown fixed points. '

{e) Mini Ranger Data Processor {RDP) - a micro processor basc i
oorputing and control unit. Tts basic funciims are:

{1) to deterr ' ne the alrcrafis preseni position within an
s

artificial grid cc-ordinate systen which encorpasses the
target areca. -
{1i) cospare present position with previovsly planned flight
lines and out put the resnult in the feun of guidsnce inform-
ation which can be readily used by the pilot to pesition his
aircraft.
ous el pPlotter

{iv) interfaces with the Intervalometer, enabling photographic inform-
ation to be recorded eg. roll and frame number, principal point
location.

(v) provices a pcst-plot facility for recalliing stored Zate From
magnetilc tapes in various forms at any time ir the future.

(vi) calculates aircraft ground speed, enabling the cameraman to
adjust photc-interval as necessarv to meintain siereoc-overlar.

INTERPRETATION PROCEDURES - OFFICE AND FIELD

The task-of interpretinc dieback occurrence commences in the office with

an initial examination of the 70mm film together with a review of all other
information sources available which may in some way shed light on the likely
manner in which the disease and the forest may interact on that site eg.

(a) Small scale E & W photographs (1:40,000) of the area,would be exemined
to obtain an overview of the geomorphology, topoaraphy, broad
vegetation and climatic variations etc.

(b) Management records are perused for information relating to the possible
impact of fire or forest produce utilisation or management activities
upon disease occurrence and expression in the area.

{c) R broad scele gIOund reconnazissance for the mappinc aresz is undertaken
to identify major ecotype variations, and determine whether mejor felse
symptauns are present.

During this early work the interpreter forms crude film visuzl anc Tielc
standards for interpreting dieback expression and occurrence in the mazppinc
Cell by noting against his growing level of background iniormation, such
features as:-



2 na 2314, nt
rznts in the field previousiv singied out for field investigation,
e interpreter uncertekes z Getailed ecological examination f the |
ZTEE. .
ndicators species deaths are noted initially, together with any
i e t them. A1) site factors which

Baving completed his field assessment of the site the 1nterpreter then
collects so01l1 and tissue samplies from Sez2d indicator plants on the site
for later laboraitoxyy anelysis (Reier zlso Section 8.5 and ZAppendix I)

It is only by the often long and arduous process of continually formulating,
substantiating and sometimes rejecting concepts about disease expression
within @ given area — concepts derived byv analysing information extracted

iromine Tilm, the various background sources and the field checks: by

niaving tc make field Secisions sbout dierack occurrence;and by ccmaarim_:
all this knowledge with the insight gained about disease field behavio
fram each positive laborzatery result - that the intexpreter is able to
build wp & set of dieback interpretation standards and commence mapping
the disease location.

Eaving made the value Jjudozment of whzt is andwhat is not cAieback,
i ]

the actvel mapning process is & € procedure involving:-

(z2) The close comparison ang c‘necf’ing of the infection bouncaries in
field with these bounjaries plotied in the office onto the film.



(b)

poinak is plotted on a map bLase €O an zcouyacy

(c) Final map printing and duplication in colour with contours
0 1

In order to correctly
fully uvnderstand the

of

writing the followi
initions) were bzl
infor 1

Maps: -

ztion abvout the

(b) Dierack: Forest in which dieback symptoms are pres
category includes "Proven Dieback" i.e. f

deaths of indicators species are assoc
recovery oi FPhyvtoprihore cinnmamomi - cur

1
n
ook

2

2s rec¢ on Di2bscki

o

€ Forest dMzaDs.

!

(c) Suspect: Forest in which the evidence for dieback mresernce or
absence is inconclusive - currently shown as blue on
Diebackiree Forest Maps.

(d) Uninterpretable for Dieback: Forest in which susceptiblie plants
are absent or too few to enable
interpretation for diebsck presence
or absence - currently shown as
purple on Diebackfree Forest Maps.

NE The Suspect Class is & legitimate clacss not just a haven for indecision.
A significant proportior of sites visited will exhibit some but not all

the diagnostic elements of an infection - these are most accurately
described as suspect.

(e) Interpreted Risk: Forest in which innoculum

3. i
due to a proven dieback occurrence hicher in the topocreph
C__‘ .

L

M m

s poiential
due to site factors 1s otherwise uninterpretabhle For dieback
backs

presence or absence - currently shown acs vellow on Diebsac
Maps.



DISE SE  FECOGNITION IN  THE FIXLD

deaths csused by
rest hygiene.
way in which P.

311"11r~.4’ﬂ] or relizshle
eld a simple decisi
2n

t 3 Zmpossible to pass on in the written Fform, ithe rnore subtle
s e

aspecis of disease recognition which the A.P.&£.I. Szction has
painstakingly gleaned from its intensive 1-:w,st--:atwon and sampling
programmes Jn several areas of the jarrah forest. The following
summary may be used as a guide to imroved dscision weking in the

1

n assessing whether or not the Jdis:zse is present, one must

1 r {a) Diseease express.lon, (b) Irdicator species

ttern of deaths (d) Site factors, and (e) Soil =znd

g. Each must be evals ateé individually and then for the

Discsase Expression

Diehack expression is guite varizsble. Jne shonléd not svstain z standzrd
"mxdel" for +the =xpression of the &Siseass, but showld approasch each
3y to judge

new situvation or piece of iorest with an opsn ming, re
each on its own merits i.e. Express e

(2} with time, since infection eg. seasonal influences such as drouvaghti,
eavy rainfall, warm winters, cool curmers, etc.

by’

(b) as 2 result of ecotype or relative minor site differences over short
distances. ‘.
t
{c) over large areas or zones due iTCc Dpoten a713 identifieble causers
such: as soil chances, topography differences, ciima ri n
unexplained er unexpeciec causes.

(d) or a host of other factors eg. fire, drought, waterioagging, disturb-
ance, insects, olé aage, mayv kill dieback susceptible species,

creating a false impression of the disezse presence.

Indicator Speciles

Indicator species are nmot ecuzlly susceptiblie to either dieback or
oiler causes oif death. The signi e of & pilant death must be
consigered in relation to the matisr S amoncest the indicaicr
spzcies deaths and the preva:ling site factors.

Banksia grandis is extremely susceptible to dieback and as & rapid
rYezCtor to the d&iscese 1c the mosi commonliv encounterec earlv sign.

It is 2lso prone to dving in larce nunbers Ior causes unrelated to
Cishack. Imn terms of gross numbers, E. crandis is far more ofiern
presentec as a islse symptom.



Ranksias die extremely ovickly frcm ¥,
vaguiring only two weeks to proc

deep brown leaves, Dieback mortali cath
gyndrome and never kills only psrt of growth
on partly Xilled Banksia or Persooni something
ot: irback, wusually fire. do not

ck infectﬁan, it may be a 3ood indication that the

Ranksias

-

~end to hide

¥anthorrhoea preissei (blackboys) often survive in infected areas
and should not be regarded as evidence for the zbsence of the dizssase.
Total frond death invariably indicates comolete olant death. is

conmnonly a iight 013& hlackbov

forest (esp F“nllf jroucht sites or as a

fires), but when indi: ive of dieback
observable,r=hoe f dezth
es. De
cator coi Lo
healthy laroe:y

Macrozamia reidleii (zamia palms) are extremzlv aoht ss
and growth stress from oversnadowing.scrub, and therefore must ke treated

cautiocusly. Frond death is not pbroof of complete plant dzach.

Fersoonia lornoifniia (\)

Banksia, but becsuse of )
complimentary evidence for a multlDle species death =2xpression.
Persoonia deaths from other causes are also common.

Ground cover species mav be useful in the complete zabsence of the

t2ilier indicators zs thev mav confirm whether the 13

devoic of the main indicators or has beern Jdenuded by some other

influence such as dieback. 2 discontinuity of ground cover species
the edge of a suspected infection site is useful camplimentarv

evidence to the major indicators. Some ecotvpes, however, have a

naturally low density of cround ccvers unrelated to dieback.

Jarrah is not an indicator for esarly stace infections as it takes
several vears to die, in which time the disszase has decimated the
uncerstorev. On many sites the jarrah mayv remain unresponsive to
the disease long after & new resistant understorev has invaded the
denuded area. Occasionally

are verv favourable for P. cinnsmomi vounc jzrrah szplincs anc woles

is wsual

where moisture ané tempersture recimes

may succumin, but the diebach vat v a2lsoc razalliv

ol
1 ]

observable amongst the othsr indicators as well,

Very old or well advanced dieback infections amonast the susceptible
understorey plants may be identified by the complete ehsence of
indicators bv the colonisation and disproportionate ahundance of
resistant species or mearely by the imbzlanced c e e
healthy remnant overstorsv znd regrowth; partic
sites.

Q.

The death of combinations of more than one indicator species is often
indicative of dieback occurrence.



Indicator species
or in groups throu
diektack a QPtivel.ce
slope Tyom the oxi

c

that site. 1Indicator species deaths occurinc in these ﬂigh hazard
sites shouwlé ettitrsct very clese scrutinv. 2 sivong patiern of
ceaths vsually develops witnin the houndaries oif wasisr ceainin

WaIm ungerstorey.

Breaks in canopy cover of the overstorey admit exire heat which
can increase the dieback hzzard of & site or intensify an existing
infection.
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s produce ready

aZppear

due to fire Jdamage.

Flats can be difficult
indicator c—j_xr.:_,:\ 25 (
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Soil and Tissue Sampling

=

Wherever pocsible when assessinc Iorest are
absence of P. cinnamomi so0il zné ol s

celiected for laboratory analivsis. (Note: Sampling sucos is gepenc-
ent uporn: the uses oI the corrsct technigue - refer to ¥ .L. Ressarch
Branch, &.P.5.1. Sectiion, HanjimuD, =ané Appendlx I atitzched.)

to e Serived fram sampling field sites
2xenc

sitive Droof oi ¥. cinmpamoml Drasence
; '

«Crount Mnowiedces it wi




(h)

(c) XNegative lab
how long the »
adopted). I

a L2 2

lant hes heen dead awd
f a negative laboratory re
a site is not P. cinnamomi infecited,

may be confident that his interpretati

acceptable for that type of site. Howevar

field decision was that P. cinnamomi was present on the site but
.

thhe laboratoxy result was neaative, then a careful reassessment
of that site is necessary - complete with furither
samples bheing collected and anzlvsc

rJ

o
3 or not, then it must
a\ te
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1. Road Survey - Ohserv
observed dieback dirx

Lt

N

Advantages/Disadvantages of each

'Four Different Meirhods Used Tor Mapping

method

Road Survey
XcGvantages:
- large proportion of dieback is
- infections along roads are the

- chear and cuick tc conduct.
- mapping simple and easy.

Disadvantages:

- does not detect ofif roaé infec
— proper on foot investigation o

t
- 108¢ access diificult.
e

distribu

most cancero

znd record

forest on
the 1line) and nole any
are then grouped across a4
varies but is usvally



antages:

'guires 2 lot of
ate Tl.

very fast survey
finds bulk of diseased zrea.

- wvery cheap R

- few interpreters vegulred - standards ths
— easily converted to maps.

— some broadscale monitoring possible.

—- covers extensive arezs. '

- =zerial Dhotography cheap ané readily avail
Disadvantages:

- too inaccurate For

- too inaccurate for hvgienic Tield opsrati
— 8oes not predict new intensification of

healthy forest.

— does not allow detailed stndy of the dise
~ does not recognise differences in dissase

does not provide informztion for detailed

formation.
can erroneously

P

= cona=mn healthy foresti as

larce Scale 2. P 1.

nearly all
very accurate locaticonal mapping.

the

infections found (except incipient

(i

-
5
[l

tailed planning of forest operations.

ones

cdiseese i t

(1Y

n mostly
ase

expression.

— high proportion of dieback Giscovered is proven cienack.

- interpretztion standards tightly contralec.

- ryecional view of I.5.D. patterns ané site types available.

- remonitoring, revisiting, ané group analysis of sites rovtinely undercta
— increase in undersiandinc of disease experiencs behaviour 1s possib






70 mm AFRIAL FILM FIELD SHEET

FPIELD COBSERVATIONS & I,S5.D, TISSUE SAMPLE IKFORMATION

T"TERPRETER

DATE:

FOREST TYPE

.~ T UNDERSTOREY

DESCRIPTION

ASPECT & LOCATIOX
CLASS

—

SOI1. TYPE
TIiTDICATOR B,grandis X.zoreissei M,recidleidl P.longifolia
SPECIES - ; N (] ] ]
A s
DEATHS. E.marginata _ '
OThm:’ ..... ® O 9 9 5.6 O A 2 8 5 S L O e 4 e v a8 0
DIEBACK DEATH DESCRIPE: tyeseeovseveanncenns A
PATTERN YES. "o
AMOIQ’GST. I.S‘D"S ) D ------- * o ® 9 o @ & & 2 % & ° » 0 o L) ®'s © 0 9 ¢ 8 0 @
SUDDEN * DEATH OLD EPPICORNICS
PLAKT DEATH DEATH BY STAGES AGE FIRE PRESENT
DEATHS . n .. OO 1-=-43
COEEIOCL\’G COMMENTS 2 v ve v veeenens R e AR
ROCK DROUGHT WATER
OUTCROPS PRONE - COMP- GAINING
SITE LREA ETITION ~° DEFRESSION CREEK .
FACTORS L_J D D &
COP'INEITTS: ------- ® 6 0 6 9 0o da ¢ 9 0 0 50 a0 s s ® 2 8 0 0 2 WS S PO Assv ne A
HONE *
POSSIBLE APPARELT  RCADSIDE TRACK ANTMAL
DISEASE 4 S :
DS O [ O O
Oth&hR:‘.mblatl-'-' ------ ® & & @ 9 9 & & v * 0 ® s o pniolliluciillo
OTHER
OBSERVATIONS
SPECIES SAMFLED
INTERPRETATION DIEBACK FREE ]"; SUSPECT D DIEBACK D
LOCATION A N -
FORLIATIOI‘T B“ ROILIJ lJO. . ® 0 60 00 000 0 99 0 0
C ] FRAB!IE TIO. ® & © 5 @ 8 ® @ o ® ¢ 9 o0
i Lz FRAME REF:
B
B Bt R
¥ :
EI[, - SANPLE RESULTS 4 s v vervunann.
g [

1 234 5675 9




DIEBACK HYGIENE GUIDE

An 0id for plonning forest operotions
so 1hot diebock spreod is prevented or
minimized

Comprises: Iniroduction

How to use the guide
Plonning Routines A to 1

Clossaory of terms

Frepcred by: FEK.J. Underwooc

Viesi Ausirclion Foresis Deportment

1980




70 USE THE GUIDE

Enter at Routine A ond follow through to Routine 1,
os directed.

The syGbel

denotes an oction.

and <:::::::> denoles o question.

deals with the different impact of the diseaose
in the mojor forest types.

Routine A

Routine B

Routiine C

Routine D

Routine E

Koutine F

Routine G

Routine K

concerns
forests.

provides

operations planned in diebock-tolerant

for the definition of dieback risk

cotegories.

provides

provides

provides

coricerns

for diebock-free ond protectoble stiands.

for stands non-protectoble from infection.

for dieback or suspecti diebock stonds.

aoccess plonning.

is o hygiene foilure iest.

Foviine 1

is ©¢ mechonism Tor prescription anc conirol.




ROUTINE A : DIEBACK IMPACT

Clossify the forest into brood forest type

e.g. karri, korri-morri, jorrch, wondoo etc.

Yhot is
ithe poientiol
impoct of diebock
on this forest?

Y

Impoct Low
€e.o. korri,
korri-morri)
Ornoc wornooo

feresis _J

¥

Impoct High
e.c. jarrah

onc jarroh-
morri forests

A {

[Enier Boutine B! l frier Koviine CJ

————



l;

XD

ROUTINE B DIEBACK 7 ')LERANT FORESTS

For an operotion in diebock-iolerant foresti:

os the coupe
been mopped for
diebock?

Check fTor occurrence of
diebock in the field

]

Is ihe coupe
opparently free of
diebock?

Does the
exiroction route fro
coupe itc mill
iroverse any cdiebock-Tree
foresi? i.e. is there
o chonce o1 ciebock
pickur onc movemeni {ic
Oiebock-iree iorest?

r

=]

|

Eriier Rouiine H\

nier Foutine C |
:



UGS IRE L = PITEACE EIEN CLlEROE1ES
oF Neresn L1 wREEr A Srmrdeed ot Cifeloch couil be Foaeb
E
Clcossiiy 1he Torest inioc Diebock
Risk Colecories.
Toke inio occount: Diebock
occurrence ond topograophny. :
Eoch seporoie Risk Colegory is c
Gistinci plonning urnii or “coupe"®
<
Sicivs
wrlcr
i
1
¥ v
I Dieboch frees l Dowwii 1) ef { Diebech Tcorest
onc Diebock, or OI suspect
proiecioble nonprociecioble ciebock
T
I ] |
! ' :
{ ' 4 RTINS S
-— — i H i
: Triier Routine D! Enier Rouiine E l ‘ Enier houviine F |
. i .




ROUTIND [ : TRI COUFE 18 DIEFACE FREE AND FER

le ony port of 4
rooc beiveer, mill’
coupe infeciec - i.e.

3
ihere ©¢ risk of cdiebock
rickup ond
iriroouvciion?

iniensify

oducec?

- o

(ad
e
7
m
-y




FOUTINE E @

reJ

vith dieboclk.

" This
If{ ir coubt,
experiencec

term
infeciions

TeqQuires,

-

t

Does 1he {orest
hove o chonce of long
survivol if no new
ore iniroduced
in ihe proposed
operoction?”

4

Routine C

Enter

wiih present knowle
check ycur cssessnent

oresiers onc reseorch

THE COUPE 1S NWONFROTECTABLE FROW I1NFECTION

Toresi which itz cowvnslope ©f on creoc elreody infeciec

) ]
Enter Rouiine F!

4




POUTIRE F : THE COUPE 1S DIEBACIK OR SUSFECT DIEBACEL

i1{ on operciion is propesed in Torest which is elreooy

infecied, or suvspecied of being infected, the main risk

is of diseose pickup and iransport to diebock-free
foresi elsewhere.

Does the rouvie
from coupe 1o mill iroverse

diebock-{ree forest?

#ill ihe operotio
be corriec out only when
the soil is cry?
(i.e. minimaol chonce of
diseose pickup)

Cor. the
operciion be
ceferrec ic cry B

=p0il
vigos 2
conditions?

Yes

\

-

e e - i )
COHC:IEcnﬁj‘ ! h

- '_
j Defer eperciicon io lﬂ (Enier Fouiine Hﬂtnier Foutire



fer ony eperotion, diebock pickup con occur ot the
bese (3.¢. mill Jonding) or clonc the seovie 1ic onc
ircr 1he ioresi eperciion.

Is ihe bose
diebock free?

Prevent diebock pickup
ot bese

k |

Con dieback

be picked up clong M
ithe routie 1o
ihe coupe?
Con ihe
operciion be y
y es

oeferred io o mcre

—P
fovouroble iime to
ovoic pickup
err youvte®
INc

Con ihe roaocd v —

C . - 5 ) i =% i
be vpgcroded, relocciec : s Ty T

or ireciec ic preveni iy

Determine

povise

impo
senior o

AN

A s de————



ic eromine

woshGown

procediures etc.

ROUTINE H = THE HYGIERI-FAILURE TEST
Fer ony propesec operciion i1 is necessory
ine impliceiions ¢f pessible hyciene Teilure.
Drow up o prescripiion for ihe operction
(Toke into occouni: seoson, occess,
egress, vehicle ond plont woshdowns or
breckdowns eic.)
e —&
W
Assume hyciene feils.
: Compulie oreo of diebock free forest
{hereby put ot risk - i_e. oreos
downslope of octiviiy or occess
Are there
aliernotive prescriptiions
which con be
opplied?
Yes
) Try cliernative
vGry occess, gl g
j prescriptions &
__| secson,

*_“”‘*1 compcre results

Seleci 1he prescripiior ‘
which minimisess ihe ‘
v - - - ~ r
ivoclene-iciiure eiject !
= =3

No




Draw vp the prescription ! Frescribe Hyoiene "Dc's
for ihe coperotion ond Dont!'s" for every -
separolie phose of the
I operotion.
—B

R

Estaoblish @ contirel
system 2 I .

Troin staff & operoiorsl

Proceed witil. cperciion

i
Review ond ocmesnc prescripiion, Clese roods onc conirecl |
control sysiem or ireining occess inic coupe - I.e.l
prooromme, ©Os reqQuirec. i opply “guoroniine'. i
]
.
.
|
¥ I
Deiermine recernerciion
onc rehcbiliiciior

PO e et e bt

Ponssemm

I} FRe-enier Roulimne & L=
| {or cony nev cperotion
Srmsm—







Note:

Po Recovery

Ry Topographicual Locations

Pravared

Some samnles

Location

P ald

ENPE I o e oY

MO

r 'Y
ation i

Compared with Fleld Jlte Interpretation

Laboratéry poéi%iveﬂﬁéaultmw-nvww
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A Wrong
within Top-

h Interpretation

e
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10,

6
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70 mm AERIAL FILM FIELD SHEET

FIELD OBSERVATIOHNS & I.S5.D. TISSUE SAMPLE INFORMATION

TTERFRETER DATE:
FOREST TYPE
~ NDERSTOREY i o .
LESCRIPTION
ASPECT & LOCATION
LASS
" W[ "‘
SO0IL TYPE \ A et L
LEDICATOR B,grandis  X,preissei M,reidlei  P,longifolia
SPECIES ~ ' - - D D O
SATHS. E,marginata .
D OThER:O'."."I'.'...‘I.ll...ll..vll‘..

~IEBACK DEATH

- DESCRIBE: 30 0.9-0 8 0 8§ 8 0 e 600 20

PATTERN YES 190
MoquST‘ I>.S_‘D. '—S . D D ® ® » 6 % 9 0 9 0 0 0 0 0 & W s o W 8 © 0 © ¢ @ 0 €5 0 0 T s 0
SUDDEN 1 DEATH OLD EPPICORMICS
LANT DEATH  DEATH BY STAGES AGE FIRE PRESENT. -
DEATHS ] 7 v (RRE i N e R g S R
. COPPOCING e ’
D CO.[/IIIIEIITS....--Q.cc.coo-'coa-lo-.ta.aoaoo-ﬂo
,’ ROCK .~ DROUGHT WATER
OUTCROPS PRONE - COoMP- GAINING
e B AREA ETITION DEFRESSION . CREEK .
RACTORS L f O O fude.
COI\}II\/T—EIJ‘I‘S: @€ v 3 ¢ ¢ &« &7 a3 s 0 s v e s s a0 ® 409 2 8.0 06 WISV ¢80 w2
HONE
~OSSIBLE APPAREKT ROADSIDE TRACK ANIMAL
DISEASE = -
ieas A ] O O
OTI{ER: ® & & B & 6 ¢ 8 8 " 0 @ 5 0P 8 e 0 e 0 ® & & ¢ & 0 0o 0 * & » L] L]
'THER
UBSERVATIONS

'PECTIES SAMPLED

DIEBACK FRER E"‘;'

TTERPRETATION | SUSPECT D‘ DIEBACK
1
LOCLTION A RN e . 2
FOR.I\HJ::‘;TIOI\T E J g-.w.......__4 . L ® 4 060 068 069 00 2300
C “I J‘] FRAP-&E IirO. 2 6 © 8 & 0 0 O 0 00 0 0 P o
D e ! ‘."!rl:"}‘!—--—T---.~§ FRAIWE REF: 8 00 00 0000600 0002
F B 1] I
& RERE S
T%_ = ; i SAVPLE RESULT:......... I
J Lo
01 234557879
R oyaapls T AT AT TV AT T A :;-‘:—'wrm-.».h- —~r T — R e P = —[EE s PP — S eSS —_



70 mm AERTAL FILM FIELD SHEET

FIELD OBSERVATIONS & I1,S.D, TISSUE SAMPLE INFORMATION

NTERFRETER DATE:
FOREST TYPE
~ TDERSTOREY
DESCRIPTION
*SPECT & LOCATION
LASS
“0I1L TYPE
IKDICATOR B.grandis X.rreisseil M,reidlel P,longifolia
“ZECIES - - - I v R O
BATHS, E,marginata _ ; '
B OThER:C'O'COC.c..a4ll‘l.'ll.a-a ------ L]
UIEBACK DEATH o DESC.RIBE: +0.0 H-0 & ¢ ¢ 0 ‘ ® 6 o 8 2 4 00 0 ¢ 8 0
PATTERN YES. | Jife] »
IVIOI\IG’STAI.S‘D."S . D . 0 o v e ® 0 0 0 0 20 e 0o v e oo 008 o ¢s 00 e
SUDDEN = DEATH OLD EPPICORMICS
_TLAWT DEATH | DEATH BY STAGES AGE FIRE PRESEIT. -
DEATS O 0 v PR & S L
OPPOCIN :
COPL!}OCI\G COI‘/II\’.IEI\ITS:."."I‘.l.‘O'.Q"I...l'....'.". Y
ROCK DROUGHT WATER
OUTCROPS PRONE - COoOMP- GAINING
SITE [%EA ETITION = DEPRESSION . .CE%‘EK .
1 A 3 - o
~ACTORS L L)
' COI\A'II\II[EIITS: ...... ' ® 0 e B e s 0 a0 'Eu]- ------- ® s 8000920V o8 s ne an
NOWE
POSSIBLE APPARENT ~ ROADSIDE TRACK ANIMAL
DISEASE v | ; = i
OTI.IER: ..................... ® 5 & @ o ¢ a ¢ o s ¢ 0 " e a2 o o L] e & 0o 0
ITHER
OBSERVATIONS

oPECIES SAMPLED

NTERPRETATION DIEBACK FREE f'g"‘g ‘SUSPECT D DIEBACK "

LOCATION A

FORMATION B‘, 4 ROIIIJ N'O.  eeeeescveecs0 e
C | kD FRAME KO,
D j‘__-‘\JL‘t.e- . FR.!\X].VIE REF: 9 98 08 0080 a9 0000
E : I Bl
i _I orsn g
G ] _'_{___d
fII - | SAVPLE RESULT:,......... i
g 1]

01 2356789




70 mm AFRRIAL FILM FIELD SHEET

FIELD OBSERVATIONS & I.S5.D. TISSUE SAMPLE INFORMATION

ITERPRETER

DATE:

FOREST TYPE

~ TDERSTOREY
JESCRIPTION

ASPECT & LOCATION
‘LASS

—

SOIL TYPE

(emmbhh - @ oNsA

LNDICATOR
SPECIES * '~ -
BATHS

B,grandis X,preissei M,reidlei

K . O

E,marginata .
srE OTHER: .+ .0.s...

Ll

@ e 9 28 40 5 a8 880 s a0

P,longifolia

N

s 0 080

JIEBACK DEATH

. DESCRIBE:_NIA.-L..oc-;ocvca-ouc

PATTERN YES. ot}
MOIQ’GSTAI.S‘D."S . D Iz.i I EEEEEEREENERENREEINE I B IS B R B I N R I A B A
SUDDEN - DEATH OLD EPPICORMICS
T, AT "DEATH  DEATH BY STAGES AGE TFIRE PRESENT. 5
DEATES O m I = S ) R i L .
COPEPIOCIi\IG GOI‘/IP/IEDTTS: ® 6 9 0 9 O 0 00 00 0 90 0 .l‘:;c‘lc. e o & @ 0 &
ROCK DROUGHT WATER
OUTCROPS PRONE -  COMP- GAINING
SITE AREA ETITION DEPRESSION . CREEK
RACTORS [ [/] O vk S
COI\JII\/IEIITS: @ o s 0 0 a0 vt e sa c‘Dn - 0 s 0 . 2 8.0, 00 WU W ose sy ns A
HOKE
P0SSIBLE APPARENT  ROADSIDE TRACK ANIMAL
DISEASE o7 L 3
e L. Cl - O
OTI{ER:..’—A.‘..J!I' ................... L] L] ] e & o » & 0 O
YTHER L
OBSERVATIONS
SPECIES SAMPLED
[NTERPRETATION DIEBACK FREE D ~ 'SUSPECT DIEBACK D
: I
LOCATTON . 1] ]
FOR{‘:/‘LATIOFI E‘J : !‘ J =] ROIIII 1\'0; R EEE N I A
C e .; R FRAI‘-’[E I\.IrO. ® 6 ¢ 0 06 0 O B 9 0 0 00 00
D a4 T 1T 1] rrAME REF: .
L—L——J —‘*,{'a’_‘,"; (— . S ecroe00asor oo
B | I -
ey 1 : 1
?_ S T, R { SAI\/IIPLE REST—TLT:O..CQ'II...!I‘O
J— |

mem me e kA wer meem e TR THOTTIINTAT AT TR TR TQTNAT O



FIELD OBSERVATIONS & I1,.S8.D. TISSUE SAMPLE INFORMATION

Z0 mm AFRIAL FILM FIELD SHEET

’DATE:

ITERPRETER
_FOREST TYPE \q@; .
HNDERSTOREY W) ‘ 5
DESCRIPTION
"SPECT & LOCATION
LASS
~0IL TYPE g
IKDICATOR B.grandis X.preissei M,reidlei  P,longifolia
~PECTES =~ - M- 7 [O-. U =
EATHS. | E,marginata ) ' )
D OTHE’R.:-..--.;.--...soc-olucoa-.o-canall
DIEBACK DEATH PR BCRLER s o 5% b % gl el i
PATTERN YES. IO
1 0 06 6 2 0 68 ¢ 0 040 a0 2V EEOC 0O e P s 0o vses
I‘HOIqGSTA II.S_‘D....S' . D :ﬂ.' llllll ® ® 06 & 0 8 0 &8 ¢ 00O & % 8 08 0 0 L] e e
SUDDEN = DEATH OLD EPPICORMICS
CLANT DEATH = DEATH BY STAGES AGE TFIRE PRESENT. :
DEATHS [ MR e Ry ST
: h R A
COFE{OCI\G CONH\'I‘IEI\TTS:..uo-onoc..oc-:oobu-c-no._ooo'rﬁt i
ROCK  DROUGHT WATER
OUTCROPS PRONE - COMP- GAINING
SITE EREA ETITION ° DEPRESSION . CREEK .
~ACTORS = f i CJ ).
COT\’II‘EIITS : @ « 2 6 06 & A » 0 @ ® 5 8 9V 0P 2P 68 s b ® a a s [ IR SR AR B 2 o8-8 &' n's & .8
NONE
POSSIBLE APPARENT .  ROADSIDE TRACK ANIMAL
NISEASE . : B v = 0
LI o - O 3 v
OTHER:C.I- AAAAA e 4 ® 3 0 ¢ ¢ @ 0 6 & & 9 4 5 00 o e ® o & @ & 8 ¢ a8 ® 58 & & @ 0 & 0 0
/THER "
OBSERVATIONS
SPECIES SAMPLED
NTERPRETATION DIEBACK FREE | | = SUSPECT [ | DIEBACK [
OCATION A 0 T
FORMATION Bl | LAl Gl [ e eiaBe Bty
SEERNEANEN FRAME IO,
D LA | |  FRAME REF:
(B 0 90 1 O
G |
T
Bl [ ) | § Y] SAMPLE RESULT:.......... i
- ] 1
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70 mm AERIAL FILM FIELD SHEET
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