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Table I

TAXONOMIC DETAILS FOR INSECT SPECIES IN THE ORDER MENTIONED IN THIS PAPER

Venucular Name Letin Binomial Order Family

Jarrah leafminer

Gumleaf skelctonlzer

Bullseye borer

Lcafblister sawfly

Autumn gum molh
'Cup moth'

'Spitfires'

P erthida glyphopa

UrTba lugens

Try p ho caria ac ant ho c er a

Diade gtn sp-

Chrysonotomyia sp. C

P h! I ac teo p ha gd Jr o gqqtti

Mnesampela privat.t

D orattfera quadr i guxat a

Lipdretrus spp.

Chrysophtharta amoena

P aropsisterna elliptica

Perga spp.

Lepidoptcra

Lepidoptera

Coleoptera

Hymenoptera

Hymenoptcra

Hymenoptera

Lepidoptera

Lepidoptera

Coleoptera

Coleoptera

Coleoptera

Hymenoptera

Incurvariidae

Noctuidae

Cerambycidae

Ichneumonidae

Eulophidae

Pcrgidae

Geomet dae

Limacodidae

Scanbaeidae

Chrysomelidae

Chrysomelidae

Pergidae

The extent of infested forest was mapped by the Forests
Depafiment in 1964-196'7 and in 1983, and by CSIRO itt
1968-197 6 and 1980. These maps, drawn to a common
scale. zre included in Abbott (1987).

The involvement of theForests Department in leafmincr
research has until recently been minimal. Van Didden
(1967) showed that an experimental aerial spraying of
jarrah stands was ineffective and uneconomic. Since 1984
research has concentrated on measuring damagc levels
nearManjimup and Collie,relating these to environmcntal
faclors, and quantifying medium term impact on crown
condition and wood increment (Abbott unpublished).

Information on silvicultuml control andthecause(s) of
thc outbreak is less comprehensivc ard more speculativc.
The approach used in the CSIRO study involved sampling
the abundance of larvae alter they had ceased feeding, and
expressing this variable in relation to a defined ea of
jarrah canopy. The abundance of moths emerging fiom
soil has also been measurcd relative to adefined area ofthe
forest floor. Studies in fhe same stands over seYeral ye s
have been uscd to assess the impact of prescribed low
intensity fires, logging, cleariDg, and annual variation in
rainfall on relative abundance of final irstars and/or
moths.

The approach used in the CALM research involved
marking newly developing leaves each November (or as
soon as the petiole is long enough to hold atag) since 1984

in 20 stands within a 50-km radius of Manjimup. This
research was extended in November 1987 to 20 stands
within a 4O-km radius of Collie. For each stand, damage
caused to leaves by leafmineris expressedas apcrcentage
of fully expanded leaf area. Multiple regression analyses
were used to conelate this variable wilh environmental
factors such as stand basal srea, years since previous fire,
years since previous logging, average annual rainfall,
percentago forest coycr and soil texture,

During 1983-1987 J. Hatt of CALM estimated the
extent of browning caused by leafminer in each jarrah

crown in 15 plots north-east of Manjimup. Some of these
trees expcrienced crown scorch dudng autumn burning
during the study period.

Life history (Table 2)

Moths emerge and fly during the day. They ire weak fliers.
At night or duriog cold wet days they seek shelter in the
litter. Almostall eggs are laidon the lower surface ofj arrah
leaves (Wallace 1970), at 14-220C in diminishing light or
overcast conditions (Mazanec 1986). The longevity of
moths averuges 10 d:lys in the laboratory.

The crterpillar stage (within the lea0 lasts 160 days.
After feeding finishes (instar4), the caterpillar faUs to the
ground within a case, generally around midnight, to avoid
predation by ants (Mazanec 1980). It then burrows 1-2 cm
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into the soil, where it remains in diapause for about 150
days (depending on latitude), until the end of February,
when pupation begins. Theprepupal stage lasts 2 days and
the pupal stage another 35 days.

Most eggs arc laid in leaves 6-months-old (Wallace
1970i M^z rcc 1986; Abbott unpublished) but there is
conflicting eyidence whethcr females prefer crowns of
trees or foliage of ground coppice. Newman and Clark
(1925) noted heayiest infestation nearer the ground alrd
this was confirmed by Wallace (1970), with the exception
of one stand lacking abundant advance growth. There
infestation in thecrowns 12 m aboye ground was extremely
heavy. Mazanec and Justin (1986) found a statistically
significant dif ference between infestation in upper canopy
and lower canopy. CALM studies in 12 stands near
Manjimup have not detected any significant difference in
infestation 12 m above ground comparedwith 1-2 m above
ground (Abbott unpublished). Nevertheless, where female
moths havea choice,lower levels are used for oviposition
first (Mazanecr, personal communicalion).

Fire

hescribedlow intensityfires in spring, depending on their
intensity, may kill most of the larvae diapausing in soil.
But adults (moths) can disperse at least 1 km andprobably
farther passively. The result is that bumt stands are
recolonized by moths the following autumn (Mazanec
1980, 1981). For up to 2 years following this type of fire,
many more eggs are deposited than in adjacent unbumt
stands.

Spring burning rejuvenates the forest crown, resulting
in production of more leaves on which females pret-er to
ovipositthe following autumn. These females then have a
wider choice ofleaves. Damage to individual leaves may
not attain the 40 per cent threshold which the human eye
perceives as brownish tinge in the forest canopy (Abbott,
personal observation). The presence of abundant new
foliage thus dilutes the effect of leafminer infestation.

Regtession analyses ofdamage to tagged leaves (ground
coppice) at 40locations in the central and southernjarah
forest found 26 per cent of variation in damage was
accounted for by period since fire (negative) and 14 per
cent by average annual rainfall (also negative). Perhaps
the latter correlation simply reflects the concentration of
oviposition sites on few new leaves in siands in the low
rainfall zone. Surveys of stands recently bumt in spring
andadjacent stands notburnt forup to 11 yean indicate no
significant increase of leafminer density in the former
(Abbott, unpublished).

Crown scorch during autumn fire caused a notable
decrease in leafminer infestation (percentage darnage) the
following spring (Table 3). However, by the next spring,
damage levels could not be distinguished from adjacent
fiees with unscorched crowns.

Drought

Drought (particularly during winter) results in decreased
production of new leaves in the following spring and
summer (Mazanec 1980, 1981). The number of eggs laid
in fhe following autumn is thereforelow, and so the leaves
available should receive more oviposition, resulting in
more damage and therefore obvious browning of the
canopy.

Logging and regeneration

Logging followed by regeneration or thinning of siands
results in rejuvenation of remaining foliage, perhaps
responding to increased availability of soil moisture
(Mazanec 1980, 1981); this favours oyiposition. Adyance
growth is released and continues to grow and proyide
plentiful foliage suitable for oviposition. Detailed
bchavioural studies (Mazanec and Justin 1986) indicate
that logging by itself should disfavour oviposition, because
gravid females require subdued light and cool weather
(<20"C). The abundancc of new lcaves (i.e. those with
suitable oviposition sites) may be the true limiting factor.

Wr.llace (1970), using broad-scale surveys, concluded
that severe infestations were usually associated with open
country, or with natural or artificial cleaings. He then
suggested that logging and other silvicultural practices
which tend io open up the forcst may require modification.
Mazrnec (1980) examined this hypolhesis moreclosely by
measuling stand basal area at42 places within the leafminer
outbreak zone and at 38 places in non-outbreak areas in
November 1978. The averages were 30 and 38 m'ha''
respectively, a stntistically significantdifference. However,
recent research by CALM near Manjimup has shown that
neither stand basal arer nor time since logging are
significantpredictors of Ieaf damage by leaf miner, but that
rainfall zone is significant. These discrepancies can be
reconciled because the dilference between outbreak and
non-outbreatareas in stand basal area yery likely describes
the difference between stands experiencing low or high
aycrage annual rainfall. Recent surveys ofsiands recently
logged and adjacent slands either never logged or logged
up to 100 years ago indicate no significant increase in
leafminer density in the former (Abbott, unpublished).

' Z. Mazanec, CSIRO Division of Entomology, Floreat W.A.
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Table 3
EFFECT OF CROWN SCORCH DURING AUTIJMN FIRES ON SUBSEQUENT INFESTATION

OF LEAFMINER IN JARRAH CROWNS.

Plot No. Recent fire
history No nees

Vo of janah crowns infested'
with leafminer in Spring

1983 1984 t98s 1986 1987

501
505
506
557
558
559

560
561

562
5&
565

566
567
618

Spring 1980
Autumnl983
Autumn 1985b
Spring 1984
Spring 1984
Autumn 1986

Spring 1984
Autumn 1986

Spring 1981
Spring 1984
Autumn 1986

Autumn 1986b
Spring 1984
Spring 1983

15
48
J I

l7
l5
16

not scorched
scorched

20
25

not scorched
scorched

27
1 2
J O

not scorched

scorched

27
13
t4

1,8.7
22.7
32.9
86.8
95.0
93.8

92.5
88.0

55.0
87.5
7 6.7

94.4
96.2
94.6

21.0
27 .5
2X .3
65.3
7 6.7
92.5

59.8
&.6

52.8
70.0
74.6

60.4
47 .3
43.6

16.7
38.8
na ,1

43.5
65.7
69.4

43.0
5 1 . 6

57 .2
64.6
t  3 . )

60.7
38.5
63.9

35.0
68.1
26.3
70.2

62.3
J J . I

69.2
2.5

50.3
6.0

15.5
0.0

42.4
70.8
7 t .0
75.2
50.0
54.8
55.4
66.8

r7 .3
40.6
27.6
5 t . L

60.8
82.7
87.s
66.3
59.0
LI.6
14.0
11 .1
42.8
68.8
9.2
68.8
40.8
6r.9
61.2
66.1

al least 20 per cent ofcrown brown, caused by leafminer

no crowns were scorched by this firc

Outbreaks

The occunence of outbreaks of leafminer may be modelled
in three ways (Fig. 2; Ridsdill-Smith'? personal
communication). Model l may apply to stands near
Manjimup (infested for more than 20 years) whereas
model 3 ceriainly would apply to Collie region (infested
for 5-10 years). Model 2 is not supported by CSIRO data.

Reasons for a non-outbreak stand being transformed
into an outbreak stand are not clear. Single factor
explanations are not supporiedby the history ofhuman use
and management of the forest. Thus, flue was used by
Aborigines; many areas near Collie and Manjimup were
cut-over in the 1920s, yet these were free of outbreaks until
recently. The outbreaks beginning eastof Manjimup were

recorded around farms near Lake Muir in the 1870s
(Mazanec, personal communication). Yet the surrounding
jarrah forest remained free of outbreaks until the 1960s.

Severe leafminer infestation itself promotes further
infestation, because severely damaged leaves are shed in
October instead of the normal January-February period
(Mazanec 1980). Thispremaiureabscission contributes to
an abundance of new leaves suitable for ovinosition the
following autumn.

Site

It is commonly observed that sandy sites in the soutiern
jarrah forest consistently have browner canopies than
upland sites. Sandy sites may result in more stress than

' J. Ridsdill-Smith, CSIRO Dvision of Entorilology, Floreat W.A.
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Table 4

VARIOUS CRITERIA FOR RECOGNIZING JARRAH RESISTANT TO LEAFMINER INFESTATION
IN CALM INVENTORY PLOTS IN TI{E SOUTHERN JARRAH FOREST

Proportion of jarrah with Sping
'85

Grand
Mean1983 '8i

0 % leafminer infestation "

<10 7o leafminer infestation
<20 7o leafminer infestation

<30 7o leafminer infestation

940 7o leafminer infestation

Total No. tsees

0
0.09
0.15
0.n
0.27

323

0
0.03
0.16
0.33
0.47

i t J

0.003
0.05
0.15
0.29
o.43

375

0.13
0.19
0.30
0.44
0.53

375

0.003
o.2l
0.32
0.44
0.53

374

0.001
0 .11
0.22
U.JJ

0.45

' Recognized as bmtning ofjarah crowns,

Table 5
SPATIAL VARIATION IN PROPORTION OF
JARRAH RESISTANT'IN SPRING 1985 TO

LEAFMINER INFESTATION Assuming S20 per cent
infestation of each crown by leafminer as the criterion

of 'resistance'

Plot No. Total No. trees No. tees'resistanl'

Natural enemies

Mazanec (1987) recorded 10 species of Hymenoptera as
parasiioids ofthe immature stages of leafminer. Parasitoids
were more common in one plot within the northem jarrah
forest (non-outbreak) compared with twoplots in southern
jarrah forest (outbreak). Relative mortality of feeding
larvae was greater in non-outbreak than in outbreak
situations.

Much isknown (Mazanec 1988a, b, 1990a, b) about the
basic biology of these parasitoids. Most species fluctuate
markedly in numbers from year to year. A key factor
analysis (Mazanec' unpublished) indicates that these
parasitoids are unlikely to prevent outbreaks. Most species
have several generations per year and so require an
altemative host during October to April when leafminer is
within the soil. This is not available, so most of the
parasitoids could never attain consistently high densities
from year lo year.

The two univoltine species arc Diadegna sp. arld
Chrysonotomyia q. C. The former is very rarc but is not
specific to leafminer, whereas the latter can be abundant,
but  is  speci f ic  to  leafminer  (Mazanec,  personal
communication). Both species are intemal parasibids of
larvae.

The mostpromising species, C hry sonotomyd sp. C, is
apparently adversely affected by fire. Mazanec (1988a)
found it present at high densities in the Meribup fire

501
)UJ

506
557
) ) 6

))v
560
561
562
564
565
s66
) o /

618

16
49
J_t

l5
T7
20
68
28
l6
37
29
t4
16

t2
o

3
0
0
2
4

0
0
I
0
I

1

Total 375

84
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The mostrecent outbreak in the southern jarrah forest
began in 1982, resulting in widespread browning ofcrowns
in January 1983. Some 90 000 ha ofjarrah forest bclwcen
Nannup, Greenbushcs and Walpole were affected. One
year later the infested area covered 230 000ha.In January
1985 and 1986 the extent ofoutbreak was 300 000 ha ard
240 000 ha respectively. Maps showing the maximum
annual extent of the outbreak (in January) have been
produced for 1983, 1984, 1985 and 1986 (see Abbotl
1987). The outbreak has since declined (Abbott 1990).

In January 1986 the seyerity of infestation by
skeletonizer was quantifiedby crownometerin two stands
near Yomup, based on 200 random obscrvations in each
stand. Crowncoverwas66 percent in theoutbrcal and 54
per cent in the non-outbreak stand. The propo ion of
brown jarrah foliage was 60 per cent ard 2 per cent
respeclivcly, and thatofbrown marri foliagc was 7 percent
and 0 per cent.

Bullseye borer

The life history (Table 2) of this insect was elucidated by
Clark (1925) in a study donc mainly on marri near
Mundaring. Interestingly,although recording six cucalypt
species as hosts, Clark did not include karri. Voutier
(unpublished) studiedaspeclsof thebiologyof thisspecies
in karri from 1983 to 1985, and found several differences
from Clark's study, prrticuhrly the presence of'frass
ejection vents'along the bole, whcrc tho laryaempties out
the contents of its tunnel. Infestation was found to be
widespread fhmughout the kalri forest and have the caprcity
to inflict severe structural damage to young vigorous karri
regeneration.

Borer damage is also associated with brown wood, i.e.
heartwood, which develops rapidly into decayed wood
(Donnelly, unpublished), and with kino exudation from
frass ejection vents (Voutier, unpublished). Interestingly,
Clark (1925) vigorously disputed that this borer wls the
main cause of kino Yeins in marri.

In 1986 R. Smith (CALM Research Diyision) studied
the association between internal borer damage and cxtental
symptoms on kari trees, and statistical analysis showed
that the association was significant. These data revealed
that infestation of kari regeneration began sometime
between 10 and l4 years ofage.In 1987, Smith surveyed
30 stands ofkafi regeneration, and recorded on a sample
of 50 trees in each stand five indications of cxtemal
damage caused by bullseye borer, dominance status, bole
length, stem diameter and bark thickness at breast height.
Stand age, years since the last firc, coupe size, site type,
average annual rainfall, stand basal area, proportion of

ma.rri prcscnt and distance to nearest non-regenerated
krrri forest were also recordcd for the stand.

Most bullseye borer damagc is associated with
proximity to mature karri stands, sites where karri is a
minor component before regeneration, small coupe size
and site susceptibility to drought (Abbott e/ 4/. in prcss).

ECOLOGICAL IMPLICATIONS

The impact ofpest inscct species on the ecology ofjarah
and karri foresthasbeen measured foronly afew attributes,
namely biomass of othcr crown-dwelliDg invertebrates,
condition ofjarlah crowns, wood increment, and mortality
ofjarrah.

It was fortunate that leafm iner outbreaks developed in
W.A. decades after methods oforganic chemical control
became commerciaUy availablc in thc 1940s and had been
erthusiirstically adopted in North Amcrica and Europe to
control irsect oulbreaks. By thc 1960s it was widely
apprccialcd that insecticides have adverse ervironmenfal
and evolutionffy consequences, including watcrpollution,
contamination ofbirds and m nmals feeding on affectcd
insccts, extensive mortality of non-hrget insects, and
evolulion ofresistcnce by pest insects to chemicals, which
countemcts theireflicacy. Insecticides havenotbeen used
to reduce leafminer outbreaks.

Conservation values

It is reasonable to hypothcsize that stands with insect-
drmaged crowns would offer fewer feeding sites, less food
and fewer suitable oviposition sites lorothcr invertebrates
compared with stands in which most of the foliage
comprising the canopy is grccn.

In the southern jarrah forcst, samples have been
collected (9 sampling dates over 2 years x 45 hees) from
j:trrah both unaffected and affected to varying degrees by
gumleaf skeletonizer catcrpillars. These samples have
been sorted to spccies level, and the biomass of each
species has been estimated from a body length/oven-dry
mass regression based on a reprcscnlalive sample of
species. Biomass of each sample is expressed relative to
oven-dry mass of foliage in the sample.

A graph (Fig.3) showing thebiomassofall invertebrates
(excepting skeletonizer) in relation to the biomass of
skeletonizer caterpillars in the same sampleclearly shows
that there is no significant relationship. Similar graphs
wereprepared for Coleoptcra, Araneae, Hemiptera, other
Lepidoptra, Hymenoptera, Diptera, other leaf chewers,
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High (9 plots) l'1.5

Low (6 plots) 17.O

Table 6

MEAN INDEX OF CROWN CONDITION FOR

CODOMINANT AND SUBDOMINANT JARRAH

POLES IN HIGH AND LOW QUALITY STANDS IN

TI{E SOUTHERN JARRAH FOREST

Crown cond;tion

Stand. quality Codomiaant Subtlominant

Resistant Susceptible Resistanl Susceplible

most deterioration in crown condition (Table 9). Poles in
lowqualityforesthadsimilarcrownconditioninespective
of locatici with respect to outbreaks, perhaps a legacy of
pastwildftes. Sim ilarrelationships were found for diameter
under bark (d.u.b.) increment (Table 9).

Tabl€ 8

MEAN INDEX OF CROWN CONDITION IN 1988

FOR JARRAH POLES IN HIGH AND LOW

QUALITY STANDS IN THE SOI]TIIERN JARRAH

FOREST. AIL TREES IN 1967 HAD INDEX

VALUE = 24.

Crcrvn condiion

Srand qualiry Resistant Susceptible

High

Diamond

Marranup

Low

Boyicup

Cessna

NOTE: (1) All but 6 of the 85 trees assessed in 1988 had suMoninant

(2) Yearwhen list bumt: Diamond (Spring 1973), Marranup

(Spring 1985), Boyicup (Auiurnn l98l), Cessna(Spring

1962)-

Table 9

MEAN INDEX OF CROWN CONDITION AND

MEAN D.U.B. INCREMENT (cm Y'r) FOR

CODOMINANT AND SUBDOMINANT JARRAH

POLES IN HIGH AND LOW QUALITY STANDS IN

COLLIE DISTRICT (NOVEMBER 1987),

All jarrah were classified as susceptible to leafminer.

Codominant Subdominant

Stand quality Crown d.n.b.
indet increment

High
- in outbreak zone

(4 plots) 13.6
- not in oulbreak zone
(3 plots) 19.4
Low
- in ouibroak zone
(3 plots) 14.2
- not in oulbrcak zone
(3 plots) 14.2

NOTE: Outbreaks of leafminer reached these plots belween 1975 and

1 9 8 3 .

1  1 . 3

9 .5

r 5.6

t6.2

12.'l

1 3 . 1

Table 7

MEAN D.U.B. INCREMENT (cm y'') SHOWN BY

CODOMINANT AND SUBDOMINANT JARRAH

POLES IN HIGH AND LOW QUALITY STANDS IN

THE SOUTHERN JARRAH FOREST

18.2  (13)

16 .9  (14)

18.0 (2)

17 .2 (r0)

16.7 (12)

14 .1  (15)

12.9 (9)

13 .8  (10)
Stand qualitJ Codominant Sublominant

High (9 plots)

t,ow (6 plots)

communication) in 1967. The two plots in high quality
forest were free of leafminer oulbreaks in 1968 whercas
the two plots in low quality forest had experienced outbreaks
for al least 5 years (Mazanec, personal communication).
Poles were selected in 1968 on lhe basis of having a perfect
crown (Mazanec, personal communication), equivalent to
24 in the rating scheme used in 1988 (Appendix).

Resistant trees (as designrted by M^zanec) in all plots

showedremarkably similar declines in crown index C24.2
to -29.6 per ceDt, ayerage -26.8 per cent) over the 21-year
period (Table 8). This presumably is caused mainly by
drought. Fire was not a factor as one plot had experienced
no fire since 1962 (Table 8).

Susceptible trecs (as designated by Mazanec) showcd
an average crown decline of-40.5 per cent (rangc -30.4 to
-46.3 per cent) during the 21-year period (Table 8).
Comparison of the crown condition of susceptible and
resislantpoles in each plot shows that the average dif ference
is 18.2 per cent (range 8.2 - 28.3 per cent), i.e. leafminer
outbreaks oyer two decades are responsible for nearly 20
per cent of the deterioration in jarrah crown condition.

Outbreaks of lea[minerreached Collie dislrict between
1975 and 1983. A comparison in 1987 of jrrrah plots

within the outbreak zone, wilh those to the north of the

outbreak shows thatpoles in high quality forestexperienced

0.23

0 . 1 6

0 . 1 1

0.04

0.19

0.14

0 . 1 5

0.06

Crown d.u.b.
index increment
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Dynamic processes

The inrermediate (900-1100 mm p.a.) and low (<900
mm p.a.) rainfall zones cover the parts ofthejarrah forest
mostfavoured by leafminer. The mostrelevant watercourses
include the Helena, Canning, Serpentine, Harvey, Collie,
and Donnelly Rivers and Bell Brook, Bingham River,
Harris River, Beraking Brook, Da.rkin River, Nockine
Brook, and Bannister River. Though several of these
sfreams feed into the reservoirs serving metropolitan
Perth, recentrelated research has indicatcd that any forest
decline overthenext 20 yerrs should not causeappreciable
rises in water table or increases in water salinity (Stokes
and Batini 1986).

CURRENT RESEARCH

Details ofcurrentresearch activities are setout in CALM's
Research Division Research Plan,znd - 4th editions.
These activities are only summarized here.

Insect ecology

Leafminer

When leafminer completes its fceding in thejrrrah leaf, it
cuts itself out of the leaf while remaining in a cell, which
falls to the ground. Since October 1986, the presence of
'cutouts' in leaves has been recorded at predetermined
sampling points in forest noflh of the Collie outbreak.
These datr allow accurate measurcmellt of the rate of
spread of leafminer populations north of the outbreal.

The level of parasitism of leafminer laryae in mines
within, and to the north of, the leafminer outbreak near
Collie is being assessed.

The effect of moderate intensity fte on leafminer and
condition of crowns is being assessed in 240 ha ofjarrah
forest north of Collie which was burnt in autumn 1989. It
is hoped that these fires could be used to reduce the mte of
spread of lhe outbreak farther into the northern jrfiah

forest,

The effect of leafmincr damage on biomass of other
invertebrates in jarrah crowns is being investigated at l5
sites in Collie district.

Skeletonizer

Studies of the population dynarnics of caterpillars have
commenced. These will indicate between which instffs
most mortality occurs.

Labomtory cultures of caterpillars collected from forest
are being used to detect pansitoids. The preferred site of
puprtion is being studied as a possible means ofpopulation
control.

The impact of an autumn fte on population densities
is being assessed in an area of 100 ha north-west of
Manjimup.

The effect of size of the female moth on fecundity is
being measured.

The northern limit of distribution in jarrah forest has
recently been determined.

The occurrence of bivoltine populations and their

taxonomic status is under investigation.

Bullseye borer

Studics of oviposition preferences are underway.

Monitoring levels of herbivory in jarrah forest

In 1984, an unbiased method of sampling leaYes was
developcd (Abboft 1987). A herbarium of damaged
foliage, consisting ofvoucher specimens on which insects
were obseNcd feeding, has been compiled. It is now
possible to reliably assign most examples of damaged
foliage to a particular insect species or family.

Damage levels in ground coppice janah in Manjimup
region havebeen quantified annually since 1984, andsince
1987 in Collie region. Damage levels in pole crowns have
been measured less frequently. Damage levels in ground
coppice in the Jarahdate-Dwcllingup region were measured
on the 1985, 1987 and 1989 cohorts of leaves.

Vadation in damage levels in terms ofsite and season
arenow well understood. Multiple regression analyses are
being used to relate damage levels to enYironmental
factors. The complexity of interacting factors makes
factorial experimentation impracticable at this stage.

Reseffch into economic injury levels has tbcused on
manual defolirtion of ground coppice jarrah. Itis reasonable
to expect that a threshold exists, below which damage has
no impact on jarah growth. An experiment using ground
coppice in Holmes Block was set up in December 1987 to
assess the interaction between proportion of foliage
removed (0,25,50,75,100 per cent) and number of annual
defoliations (0,1,2,3).
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HIGH PRIORITY ADDITIONAL
RESEARCH REQUIREMENTS

l. Impact of repeated, chronic defoliation on nutrient

levels in, and physiolo&ical conditiott of, jarroh

A physiologist could cxamine small numbers oftrees,
within and without outbreak areas, and resistant or
susceptible to defoliators, and draw precise conclusions
about impacts of defoliators on lhe well-being of jarrah

trees. Very early waflling ofany impcnding mass collilpse
of stands would be gaincd. lt would also be valuable to
evaluate the physiological responsc of jarrah to a
combination of experimental intensities and repetitions of
defoliation.

2. Reasons for the initiation and conti uaion ofoutbreaks

The outbreak of leafminer that bcgan more than two
decades ago in the southern jarrah forest hrd no historical
precedent, since European settlemcnt. Newman and Clark
(1925) recordcd that noticeable damage was confined to
the'coaslalj nrh growing oo the plains country', mainly
near Fremantle, Bunbury, Busselton irnd Albany, but
mdiating inland ' for several miles to the base of the
foothil ls'. They noted explicit ly that no damage was
recorded in the countly bctween Torbay and Bussclton or
in the Da.rling Range forests. Outbreaks nearPerth (Kings

Park) were first recorded in 1914.

This historical perspective invites the question
'What init iated the 1960s outbreak in forest east o[
Manjimup?' Obvious perturbating factors include fire (a

chalge in inlcnsity, season of burning, frequency of
burning or combinations of all thrcc factors), logging,
deforestation (for farming and settlemcnt) and subtle
changes in climate (rainfall, temperature, soil dryness
index). Mazanec (1988b) argues thatrmy factorthatleads
to the production of new leaves will lead to an increase in
population of leafminer.

Associations bctween some ofthese vrriables atd
cxpansion of leafminer and skeletonizer outbreaks could
be sought by modell ing. The mrps in Abbott (1987) would

serye as a start. Then thc more accurate maps that would

be produced using rcmote sensirg techniqucs would allow
refinement of these models. It is hoped that these models
could explain why lcafminerand skeletonizcr have become
forestpestsonly within thc pi]st25 and 5 years respectively.

3. Searchfor parasitoids of leafininer and skelelonizer
elsewhere in Australia

This would complement the research complcled by

CSIRO on local parasitoids of leafminer and thc research
being done by CALM on skeletonizer pansitoids aheady
prcsent ir the southem jarrah forest. Research interstate
would ideally bc covered by the CSIRO Division of
Entomology and the Department of Entomology, Waite
Institute of Agricultural Science, South Australia.

4. Virological,bacteiological andlormycological options
for t:ontrolling leafminer ancl skeletonizer

Ifreseffch on pansitoids yields little ofvalue, it may
be necessuy to study the natural importance of viruses,
blcteria ilnd fungi in killing pest insects, and to evaluate
whether other viruses, bactcria and fungi should be
introduced to control pest insect populations without
detriment to non-pest insect populations.

In pa,rticul lhere is r need to examine whether aeri:
spraying o[ foliage with commercially availa.ble Bacillus
thuringiensis would contribute to control of leafminer,
without prcjudicing conservation valucs by reducing the
abundrncc of other invertebrates (particularlyLepidoptera)
living in jarrah crowns.

5. Selectiott of jarrah resistant to leafminer and
skeletorizer

Aworkable definition ofresistance nccds tobe devised.
Trees and regeneration immune to pest insect infestation
could then be identifiedand rctained throughout thejarah
forcst. The feasibility ofreadily increasing the proportion
of resislilnt trees in stands requires investigation.

It is necessary to test trccs with resistant phenotypes
(i.e. crowns unaffected in stands sevcrely affected) and
cstablish a genetic brsis by collecting seed, Srowing
seedlings and testing them in culture and wilhin forest.

6. Compurison of bird populations within a d outside
oulbre0k areqs

Exiensive browning ofjlrrah crowns may lessen their
suitability as habitat for insectivorous birds. Expansion of
outbreal areas may result in some of these bird species
declining in distribution and abundancc within jarrah
forest. The suitability for birds inhabiting crowns of
unaffected species such as [rarri or yarri also needs to be
assessed.

7. Taxonomic expertise

The taxonomy of many potentially economically
impo ant insect groups is out-of-date or confused. The
major  taxa are Chrysomel idae,  Cerambycidae,
Curculionidae, Doratifera, Lyctus ̂ r'td Oc hro gaster.
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APPENDIX

Assessment ofjarrah crowns (based on method of Grines 1978). The value of the index ranges fro m 0 to 24.

LEAF'DENSITY
(exclude epicormics on bole)

9 very dense
7 dense
5 avemge (refers to ideal, not the stand)
3 sparse
I very sparse
0.5 all leaves dead
0 leaves absent

If much fruit is present, increase the score by l.

INCIDENCE OF DEAD BRANCHES
9 none present
8 < 5070 of branchlets dead
7 > 50Vo of branchlets dead
6 < 507o ofsmall branches dead
5 > 50Va ofsmall branches dead
4 < 50Vo of large branches dead
3 > 50Vo of large branches dead
2 < 50Vo of pimary branches dead (epicormics present)
I > 507o of primary branches dead (no epicormics)
0 all branches dead

CONTRIBUTION OF EPICORMIC BRANCHES TO FOLIAGE
6 no epicormics present (foliage concentrated at extremities of branches)
5 on crown or bole
4 on crown or bole
3 on crown or bole
2 on crown and bole
1 on crown and bole
0.5 on crown and bole
0 tree is dead

< 25Vo
> 25-507a
> 50Vo
< 50Vo
> 50Vo
lffiVo
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