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ABSTRACT 

Isolated patches of dead and dying trees have long been recognised in the moist regrowth forests of New 
South Wales. Previous attempts to identify the causes of this problem have been inconclusive or 
challenged. This paper presents the results of a survey conducted across eight districts in the Central and 
Northern Regions of State Forests of New South Wales. The survey was designed to determine the extent 
of the dieback problem, the susceptibility of eucalypt species in affected areas, the site factors common 
to these areas and the psyllid and bird species present. The possible causes of this form of dieback are 
discussed and control strategies suggested. 

STA TB FORESTS OF NEW sourn WALES 
RESEARCH PAPER NO. 28 

SURVEY OF CROWN DIEBACK IN MOIST HARDWOOD FORESTS 
(PSYLLID/BELL MINER RESEARCH PROGRAMME) iii 



/NTROD ueT/ON 

Foresters in New South Wales have reported isolated patches of de~d and dying trees with crown dieback 
inmoistregro~ eucalypt forests since the beginning of this century (Moore 1961). Local reports claimed 
that the problem was most prevalent in stands of Sydney blue gum (Eucalyptus sa/igna) growing on moist 
sites with a dense mesophyllic understorey. In most instances the sites were also occupied by bell miners 
(Manorina melanophrys, Meliphagidae). More recently, District staff have reported that affected areas 
are increasing in size and that previously unaffected areas are developing symptoms. Foresters' concerns 
over the commercial impact of this problem were highlighted in a questionnaire conducted during 1992, 
designed to identify which insects were perceived to be most damaging. 

In response to this concern the Research Division established a research programme aimed at investigating 
the aetiology of this particular form of eucalypt dieback. The programme has developed into three 
components, a field survey and two field trials. Both field trials were established in Olney State Forest 
(Morisset District) on sites with bell miner colonies. The first field trial was aimed at quantifying the 
impact of psyllids and bell miners on Sydney blue gum foliage while the second field trial was designed 
to investigate the influence of dense mesic understorey and tree competition on Sydney blue gum growth. 
Reports on both field trials are due for completion by the end of 1995. The purpose of this report is to 
present the results obtained from the field survey. In addition, this report discusses the processes that may 
contribute to the problem and possible control strategies. 

The objectives of the survey were to: 

1. Determine the range and extent of dieback-affected areas within State Forest's 
moist eucalypt forests. 

2. Determine whether there is a range in susceptibility amongst eucalypt species to 
this form of canopy dieback. 

3. Identify site factors correlated with tree susceptibility. 

4. Identify the suite of psyllid species present on trees in affected stands. 

5. Identify the range of bird species present in affected stands. 

1. BACKGROUND TO DIEBACK PROBLEM IN MOIST HARDWC)OD FORESTS 

(a) Eucalypt dieback 

All forms of eucalypt dieback share the non-specific symptoms of progressive dying back of the primary 
crown units and development of epicormic shoots. If the replacement epicormic shoots remain vigorous 
the tree will recover. However, if these shoots are subsequently affected, the tree must use its starch 
reserves to refoliate. Tree death occurs when starch reserves are reduced to the level below that required 
for growth processes in the absence of photosynthetic tissue (Bamber and Humphrys 1965). 

Several forms of eucalypt crown dieback have been recognised (Bird et al. 1975, Old et al. 1981). 
Unfortunately, most studies aimed at identifying the causal mechanisms have been inconclusive. A great 
deal of attention has been directed at identifying the processes associated with rural dieback (e.g. Old et 
al. 1981, Landsberg and Wylie 1983). With this form of dieback, insect damage is the factor most 
frequently implicated, although drought, pasture production, fertilisers, soil salinity, fungal pathogens, 
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tree age and other factors can be locally important (Landsber~ and Wylie 1983). Possibly the best 
understood fonn of forest dieback is that of jarrah forest (E. marginata) in Western Australia, caused 
throughtheintroductionoftheroot-rottingfungusPhytophthoracinnamoni. Anotherfungalrootpathogen, 
Armillaria luteobubalina has been identified as the primary causal agent for crown dieback and patch tree 
death in mixed species eucalypt forests in the highlands of central Victoria (Kile 1981). More research 
is required to detennine the role that fungal root pathogens such as species of Phytophthora, Armillaria, 
Pythium and Fusarium play in tree mortality. Many of these pathogens have been sampled from affected 
stands of Sydney blue gum in New South Wales (J. A. Simpson, pers. comm.), but they have also been 
isolated from samples of soil obtained from areas of healthy forest (Gerrettson-Cornell 1973). 

Moore (1959, 1962) obseIVed thatdieback-affected Sydney blue gum carrying large numbers ofG/ycaspis 
spp. were also often attacked by a small sapwood-boring scolytid calledXyleborus truncatus. Associated 
with the laIVal galleries of this beetle was a dark brown fungal staining which spread into the sapwood. 
The identity and pathogenicity of this fungus is not yet known. Other wood-boring insects such as tennites, 
hepialid and cossid moths and longicorn beetle laIVae are also found commonly in the stems of eucalypts 
with crown dieback. Moore (1959, 1962) and others suggest that many wood-boring insects gain entry 
through damaged bark or branch stubs. Trees attacked by these insects may be further stressed through 
the introduction of fungal pathogens and rots into the sapwood and heartwood. 

(b) Psyllids and their interaction with host trees 

Of the diverse assemblage of insects associated with eucalypts in Allstralia, psyllids are one of the most 
abundant groups (Woinarski and Cullen 1984). Most psyllid species appear to be host speCific or restricted 
to a group of closely related plants (Taylor and CaIVer 1991). The nymphs of many psyllid species secrete 
protective waxy or sugary coverings called lerps (Figure 1). Others are free-living and protect themselves 
by producing fluffy white threads between the young shoots and buds on which they are feeding. There 
are at least ten genera oflerp-building psyllids on eucalypts, but the most common species belong to the 
genera Cardiaspina and Glycaspis (Taylor and CaIVer 1991). 

Species of Cardiaspina produce characteristic shell-like or lacy 1erps, while G/ycaspis species tend to 
produce white sugary conicallerps (Figure 1). Although Cardiaspina and Glycaspis have similar life 
cycles they exhibit some basic differences. Species of Cardiaspina prefer fully expanded mature foliage 
whereas Glycaspis prefer to feed on young expanding leaves when available (White 1971). In addition, 
Cardiaspina species, when feeding, secrete substances that cause localised death of leaf cells. Initially 

. affected leaf tissue appears reddish-purple but later turns brown (Woodburn and Lewis 1973) (Figure 1). 
Species of Glycaspis feed directly from the major veins in the leaves (White 1971), which causes less 
noticeable damage. However, high population levels will result in a general purple discoloration of the 
foliage and premature leaf shed (Moore 1961) (Figure 1). 

There is still speculation on why a small number of psyllid species periodically reach very high population 
densities. The resulting excessive feeding pressure can severely defoliate the host trees (e.g. Oark 1964). 
Climate is one of the main factors influencing psyllid populations (Moore 1961, White 1969, Oark and 
Dallwitz 1974). It not only influences the population perfonnance but also the quality and quantity of 
available food and the effectiveness and ~bundance of natural enemies. For example, outbreaks of 
Cardiaspina densitexta on pink gum (E.jasciculosa) were recorded after a succession of unusually wet 
and dry periods (White 1969). White (1969) suggested that this pattern of weather was stressful to the trees, 
which was reflected in part by an increase in the soluble nitrogen content of the foliage. Other species are 
thought to increase in response to the presence oflarge amounts of preferred foliage (Oark and Dallwitz 
1974). 
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al Glycaspis sp. (Psyllldae) LelJls 
b OirdiaSpina sp. lPsyllJdaeJ LCrpS and damage Mature Glycaspis sp. (PsylUdae) Lerps 

(No obvioUS feeding cla.magc) 

aj Carcfiaspina sp. W.yWdae) Le~ 
b rYPlca1 Cardiaspina sf. dama e 
c LeifmlDer clamage (no a Ptly d) 

Typical Card/aspina sp. damage 
on old foUage 

Figure 1. Examples of common psyUid Jerps and psyllid feeding damage. 
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In forests, high psyllid populations are rarely sustainable and fall either as a result of climatic changes or 
the depletion of suitable foliage due to feeding damage and premature leaf fall. Once the population starts 
to decline, the influence of natural enemies increases (Clark 1964). Natural enemies include parasitic 
wasps e.g. Psyllaephagus spp. (Encyrtidae), hoverflies (Syrphidae), lacewings (Neuroptera), ladybirds 
(Coccinellidae), ants and spiders (Moore 1961, Clark 1964). Many birds also feed on psyllids, including 
honeyeaters, thornbills, pardalotes and rosellas. 

A study completed recently in Gulpa Island State Forest (Deniliquin District) demonstrated that although 
more foliage was consumed by insects on healthy trees, the relative impact of insect herbivory was 
significantly greater on slow growing moisture-stressed trees (Stone and Bacon, 1994, 1995). Vigorously 
growing eucalypts usually outgrow the damage caused by their normal suite of canopy insects. Thus the 
identification of any factors contributing to the retardation of foliage growth may assist in resolving the 
cause and effect processes associated with this dieback problem. 

(e) Bell miners 

The bell miner (Manoria melanophrys Latham, Meliphagidae) is a colonial and co-operatively breeding 
honeyeater endemic to south-eastern Australia. Its distribution ranges from near Gympie in Queensland 
to the outskirts of Melbourne. Each colony occupies a territory of up to two hectares and includes of a 
number of discrete groups of birds, each with its own smaller feeding range. Each fami! y group consists 
of a mated pair plus up to eight additional members (helpers) (Clarke 1984). The birds often nest in thick 
understorey. Local observations and past research studies have revealed that the presence of bell miners 
is highly correlated with the occurrence of eucalypt crown dieback (e.g. Ward and Neumann 1982). 

One hypothesis concerning bell miners is that they have specialised feeding behaviour whereby lerps are 
removed leaving the psyllid nymphs intact to produce another lerp (Loyn et al. 1983). However, a recent 
study by Poiani (1993) failed to produce evidence supporting this ' farming ' hypothesis. His results 
indicated that ingestion of the lerp only may be accidental, at least from the point of view of the feeding 
strategies of the birds. Easily detachable lerps, however, may have evolved to minimise the effect of avian 
predators. There is general consensus (e.g. Smith and Robertson 1977) however, that bell miners actively 
defend their territory, keeping other psyllid-eating birds away and thus possibly reducing the overall 
predation rate on psyllids and other herbivorous insects. 

Poiani (1993) suggested that the association of bell miner colonies with eucalypt canopy dieback may be 
a result of the co-evolutionary relationships between specific psyllids and their host trees. Possibly, 
psyllids favoured by the bell miners (eg Glyeaspis spp.) are able to persist at relatively high population 
densities on certain eucalypt species (e.g. Sydney blue gum) and bell miners tend to establish themselves 
in areas already supporting high psyllid populations. Protracted feeding damage by the psyllids may, over 
time, cause canopy dieback. In addition, the bell miners COUld, through the exclusion of other insectivorous 
birds or indiscriminate feeding on the natural enemies of psyllids (e.g. spiders, syrphid larvae and wasp 
parasitoids), help to keep psyllid populations above a damaging threshold level. 

(d) Fire and eompetitionjrom rainforest 

Both the frequency and intensity of fires are now recognised as major contributors to the balance between 
rainforest and sclerophyll elements on sites capable of supporting both types of vegetation (e.g. Mount 
1979). During this century there has been a shift away from infrequent hot wildfires to more frequent, less 
intense controlled fires. This change in fire regime may be responsible for altering the microenvironmental 
conditions to favour the rainforest species or alternatively, weaken the apparent evolutionary competitive 
edge of eucalypts in moist sites prior to white settlement. 
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Many of the Sydney blue gum-dominated stands affected by canopy dieback can be classified as "fringe 
rainforest" sites (Home 19891). These moist sites are 'ectapbically suited to the invasion and full 
development of rainforest but have been prevented from forming exclusively mesophyll forests by intense 
wildfires which occurred with a frequency shorter than the life span of the eucalypt overstorey (Home 
19891

). Management for regeneration following logging in this type of forest can be difficult. The 
reappearance of a complete ground cover is often very swift (one to two years). Little sclerophyllous 
regeneration tends to develop unless logging disturbance is intense, and even less is able to develop if 
logging coincides with a Poor sclerophyllous overstorey seed crop. In addition, a suitable intensity 
prescribed burn to improve the quantity of sclerophyllous regeneration is often difficultto achieve without 
endangering drier stands located further upslope (Home 19891). 

1 Home, R. (1989). A proposal to classify fire-disclimaxed fringe-rainforest as a separate NSW forest type. Unpubl. report, Stale 

Forests NSW. 9 pp. 
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MATERIALS AND METHODS 

1 DESCRIPTION OF THE SURVEYPROCESS 

The format for the survey was developed during a half-day field workshop held ·in Olney State Forest 
(Morisset District) on 12 February 1992 and attended by officers from both NorthelJl and Central Regions 
and Research Division. The resulting survey sheet was struc~red to address the aims of the survey on a 
per plot basis (Appendices 1 and 2). Each plot was to have a 50 m radius and have a relatively uniform 
understorey. Staffin participating Districts were asked to assess as many representative sites as possible 
in areas known to be suffering from dieback (irrespective of the presence or absence of bell miners) and 
establish one plot per site. Therefore a different number of plots was estl;lblished in each District. Theinitial 
number of plots established in each District were: Morisset (8), Bulahdelah (1), Gloucester (10), Taree 
(13), Wauchope (13), Kempsey (11), Walcha (2) and Urbenville (10) (Total =.68) (Appendix 3). 

The first .section of the survey sheet sought a general description of each plot in terms of topography, 
floristic composition of the overstorey and understorey, recent silvicultural activities and the presence of 
crown dieback anq psyllid attack. Forest types were identified according to Baur (1989) and tree species 
covered by the survey are listed in Appendix 4. Psyllid damage was defined as the amount (low, moderate 
or high) of foliage with a reddish or brown discoloration. The brown discoloration arises predominately 
from feeding damage by Cardiaspina while purple or reddish discoloration could be due to either 
G/ycaspis or Cardiaspina spp. To facilitate a visual examination of tree canopies, a set of colour 
photographs was sent to each District with the survey sheets (e.g. Figure 1). It was also recommended that 
the ~e canopies be examined with a pair of binoculars to help detect the presence of lerps. 

The middle section of the survey sheet (Appendix 1) required an estimation of the size of any bell miner 
colony present in the plot. Counts of bell miners were undertaken by adding together the total number, 
. both seen and heard, in four 90 degree sectors covering the 50 m radius plots. The number of bell miners 
counted in each plot is referred to in this survey as colony size but this could include several discrete family 
groups (sensu Smith and Robertson 1978, Oarke 1984). 

The last half of the survey sheet required closer examination of five selected trees. These trees were 
representative of the species composition and typical condition of the predominant tree species in each plot. 
The scoring system (Appendix 2) accompanying the survey sheets enabled a relative ranking of crown 
condition by scoring crown density, the extent of dead branches, epicormic growth and psyllid discoloration 
for each of the five trees. The bole diameter (DB HOB , 1.3 m) of each of the labelled trees was measured. 
Fresh foliage samples were also collected from the crowns of these trees and sent to Research Division. 
Both lerps and psyllid adults were collected from the foliage, where present, and identified. It was not 
possible to identify all specimens to species. The assessments were first made in early spring 1992. Any 
discoloration from G/ycaspis attack was most obvious on Sydney blue gum foliage during late winter 
(Moore 1961). During spring any new season's flush tends to obscure the psyllid damage present on 
mature foliage. Damaged foliage is also shed during this replacement period. All assessments were 
repeated twelve months later. 

Observations other than those required for the survey sheets were also taken into account for this report. 
Although all Districts in both Central and Northern Regions were approached, some were unable to 
participate (e.g. Urunga, Dorrigo, Glen Innes, Grafton and Casino). Many of these Districts, however, 
were able to provide a brief overview of any dieback problems in their moist hardwood forests. 

6 
SURVEY OF CROWN DIEBACK IN MOIST HARDWOOD FORESTS 
(pSYLLID/BELL MlNER RESEARCH PROGRAMME) 

STATE FORESTS OF NEW SOUTH WALES 
RESEARCH PAPER NO. 28 

.. -. ---- ----



2. INTERPRETATION OF RESULTS 

Formal statistical analyses of the results were not attempted because of the inevitable variability arising 
from individual interpretations of the scoring systems and the plot differences, both in floral composition 
and topography, within and between Districts. A qualitative approach was undertaken, based principally 
on relative rankings rather than quantitative differences. The rankings' were obtained by comparison of 
means hence the relative rankings of some species may be biased because of their small sample size (e.g. 
white topped box and New England blackbutt). 
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RESULTS 

Appendix 5 presents an overall summary of the survey results and Appendix 6 provides a summary of 
results obtained from each District. A brief assessment of the psyllid/bell miner problem in Districts not 
involved with the survey is provided in Appendix 7. 

1. SUSCEPTIBIliTY OF FOREST TYPES AND TREE SPECIES-

The information gathered from this survey has confirmed that more than 2000 ha of moist hardwQod forest 
in Central and Northern Regions currently have symptoms of canopy dieback. Due to difficulty of access 
or lack of resources, many Districts were unable to establish plots at all known affected sites. In general, 
the affected stands are comprised ofisolated patches with distinct boundaries surrounded by healthy forest. 
They range in size from less than I ha to nearly 100 ha, with an' average size of 15.6 ha ± 2.1 (Mean ± 1 
Standard Error, where Standard Error = Standard Deviation/,1n) (total no. of plots (n), in 1993"'; 71). Of 
interest was the difference in average size of affected area in Kempsey (1.7 ha ± 0.3, n= 11) and U rbenville 
(38.0 Ha ± 8.3, n= 10) Districts. In addition, the bell miner colonies -in the Kempsey plots tended to be 
smaller (Le. fewer birds were observed in the 50 m radius plots). 

Based on species composition, 62% of all plots affected by crown dieback belong to the Sydney blue gum 
leagueofforesttypes (e.g. Nos 46, 49, 53 and 54 (Baur 1989)). The second most frequently affected forest 
type in the survey (18% of all plots) is ~e grey ironbark/grey,gum league (e.g. No. 60 (Baur 1989)), often 
occurring on the higher slopes above the Sydney blue gum-dominated forests. ThrGe plots ,appear to fit 
the description of the moist blackbutt forest type (No. 36 (Baur 1989)). Seven plots contained spotted gum, 
however, it was usually the associated species, e.g. narrow-leaved white mahogany, grey gum or grey 
ironbark, that were more severely affected by psyllids (Le. having higher levels of visible damage) 
(Appendix 5). 

Table 1 presents a ranking of tree species according to the proportion of trees in each plot with canopy 
dieback and obvious levels of psyllids on the foliage and/or psyllid-damaged foliage (Appendix 5, 
Table 5)~ These rankings are based only on the presence of the symptoms amongst trees witliin each 
species and does not take into account the severity of the canopy dieback. Over 30 tree species were 
identified in sites with canopy dieback and, as expected, the range of species composition of the plots 
changed with plot location. Sydney blue gum (sbG) was the most common eucalypt species, occurring 
in 70% of all plots. There was at least one of the following four species present in 70 of the 71 plots; Sydney 
blue'gum, grey ironbark (gI), grey gum (gG) and narrow-leaved white mahogany (nwM) and these were 
the species which most often showed signs of canopy die back. In most cases, the poor canopies of Sydney 
blue gum, grey gum and grey ironbark were associated with psyllid infestation (Table 1). For a few species, 
e.g. New England blackbutt (eBB), blackbutt (BB), narrow-leaved white mahogany, pink bloodwood 
(pBW) and tallowwood (TW) the incidence of canopy dieback was higher than the corresponding ranking 
for psyllid attack. Conversely the ranking of white topped box (wtB), blue-leaved stringybark (hIS), 
spotted gum (sG), flooded gum (fG) and silvertop stringybark (sS) for psyllid attack was higher than their 
ranking for canopy condition (Table 1). Brush box (hB) and turpentine (TP) were often present in affected 
plots but had canopie~ in good condition with no psyllids found on the sampled foliage. 
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Table 1. Ranking of the incidence of canopy dieback and psyllid attack on the 16 most common 
tree species in the surveyed sites (see Appendix 4 for species codes). 

Tree species ranking 
Tree species Species code Crown die back Psyllid attack 

Sydney blue gum sbG 1(1) 2 
grey ironbark gI 2 3 
New England blackbutt eBB 3 15 
narrow-leaved white mahogany nwM 4 6 
grey gum gG 5 5 
blackbutt BB 6 8 
blue-leaved stringybarlc bIS 7 4 
white topped box wtB 8 1 
pink bl00dwood pBW 9 11 
tal1owwood TW 10 12 
broad-leaved apple bAP 11 13 
spotted. gum sG 12 7 
flooded. gum ro 13 9 
brush box bB 14 14 

. silvenop stringybark sS 15 10 
turpentine 1P 16 16 

(1) The smaller the tree species ranking the higher the levels of canopy dieback and psyllid attack. 

One of the requirements of the survey was to estimate the percentage of each tree species in four DBHOB 
size ranges (Appendix 1). This infonnation is summarised in Table 2. For example, Table 2 shows that 
in the plots where Sydney blue gum is present, an average of25% of all stems assessed were Sydney blue 
gum of 0 - 30 cm DBHOB. The most common size class for the majority of species, including Sydney blue 
gum, was the smallest, 0 to 30 cm (Table 2, Appendix 5). 
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Table 2. Summary of DBHOB size class distribution (%) for each of the 16 most common species 
across all Districts surveyed (Mean ± 1 Standard Error). 

nBHOB size class (cm) 

Species No. Plots 0·30 30·50 50·80 >80 

sbG 50 24.9±3.4 19.1±2.3 5.6±1.4 7.7±2.8 

TW 29 5.1±12 2.1±0.8 2.3±0.8 0.8±0.5 

gG 27 13.1±2.6 6.4±1.6 3.7±2.0 2.7±1.4 

nwM 23 112±2.3 4.1±0.8 1.4±0.4 0.9±0.5 

bB 22 9.9±3.3 1.8±0.6 0.4;tO.36 2.2±2.1 

gl 19 8.0±2 . .5 6.1±2.3 2.7±1.8 11.1±6.1 

pBW 14 6.4±1.6 1.4±0.6 0.9±0.6 0.3±0.3 

BB 14 11.6±3.9 6.0±2.1 6.9±3.2 5.7±3.3 

sS 11 lO. 1;t4. 1 6.1±3.8 1.2;tO.7 0.2±0.2 

TP lO 5.6±1.5 1.4±0.6 2.9±1.1 0.32±0.2 

sG 7 7.3±5.8 4.8±2.8 2.6±1.5 6.3;t4.8 

eBB 4 3.7±2.8 . 7.0±6.8 0.3±0.3 7.2±5.5 

blS 4 - 1O.5±1.1 7.6±3.8 1:0±0.7 0 

bAP 3 4.3±2.3 4.9±2.0 0.7;tO.7 0.7±0.7 

tG 3 7.7±J..7 12.8±1O.4 4.4±1.9 0 

wtB 3 9.8±9.1 16.}±1O.1 6.17±1.1 0.43;tO.43 

2. SEVERITY OF FOREST TYPES AND TREE SPECIES 

Table 3 presents a summary of results obtained from the five labelled trees from all plots. Seven of the 
fifteen tree species in Table 3 had mean annual growth increments less than those obtained from Permanent 
Growth Plot data(l ). The relative rankings in Table 4 are based on the results in Table 3. 
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Table 3. Summary description of the 15 most common tree species based on results from the five 
pennanently-Iabelled trees/plot across all Districts surveyed (Mean± 1 Standard Error) (DOB 
= DBHOB, cm). 

Species No. trees Av. DOB Av. DOB 
increment 

(Mm! 

Av. crown 
condition score(2) 

Av. psyUid 
attack score(2) 

1993 1993 1993-1992) 

Av.DOB 
increment 

40-50 cm class 
(PGP results(l» 1992 1993 1992 1993 

sbG 
gG 

nwM 
1W 

gI 

BB 
bB 

sS 
sG 
pBW 

frG 
bIS 
eBB 

'JP 

wtB 

146 

37 

24 

21 

20 

17 

11 

10 

9 

6 
6 
4 

4 

4 

4 

52.1±10.2 

47.4±3.8 

55.8;t4.4 

55.3;t6.5 
53.5±,3,4 

O.I±O.Ol 

O.1:tO.l 

0.3±0.2 

O.7±O.3 

-03±OA 

56.3±5.0 O.2:tO.l 

47.2±8.9 0.5:tO.1 

52.5;t6.6 LO±O.3 

64.1±I3.1 . 0.5±O.9 

39.7±9.7 

n:5:t4.6 
45.5±2.5 

4IJ±2.5 

6O.8±1.0 

64.3±8.9 

0.4±0.4 

OA±O.1 

0.2±O.1 

O.2±O.l 

0.5±0.2 

0.3±0.1 

0.5±O.04 

O.3±O.03 

O.6±O.02 

O.6±O.04 

0,4±O.04 

O.9±O.02 

0.3±0.03 

O.6±0.07 

OA±O.04 
0.3±0.03 

O.2±0.10 

0.6±0.08 

0.4±0.04 

0.3±0.02 

83±0.2 8A±0.3 3.8;tO.l 3.7:tO.l 

1O.0±0.6 9.1±0.5 4.3±0.1 4.0±0.1 

1O.6±O.6 10.0;t05 4.6±,O.1 4.5±O.1 

12.6:tO.4 11.3:tO.4 4.9±0.1 4.7:tO.2 

8.4±0.5 9.1±0.4 4.3±O.2 4.2±O.1 

9.8:tO.7 9.7±0.6 4A±0.1 4.1:tO.2 

12.9±,O.6 12.5±O.7 4.9±0.1 4.7±O.2 

12.0±1.O 115±1.2 4.6±6.5 4.6:tO.2 

1O.6:tO.3 1O.6±O.2 3.9±0.5 4.3±O.2 

12.0±0.9 11.7±,O.8· 4.3±0.4 4.5±0.2 

8.4±O.7 9.2±0.8 4:0:tOA 4.O±OA 
8.7±1.3 9.3±1.4 4.8+0.3 4.0+0.3 

7.5±1.9 7.5±2.1 3.9±0.5 4.0±0.6 

14.0±0.3 14.3±,O.3 5.0 5.0 

8.3±1.1 8.7±1.0 3.8±0.3 4.0±0.5 

(1) Swnmary of data from Permanent Growth Plots across all Management Areas. increments based on frrst·second measures 
only (P. Carter, Forest Resources, State Forests of New South Wales. Pennant Hills. pers. comm.). 

(2) Crown scores are derived from summation of scores for crown density, dead branches and epicormic growth per tree. The 
lower the score the more severe the dieback and psyllid attack; maximum score of crown condition = 15; a score of 5 

represents a very low level of psyllid attack. 
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Table 4. Relative rankings of mean DBHOB increment and severity of crown dieback and psyllid 
attack during spring 1992 and 1993 on the 15 most common tree species, using the five 
labelled trees/plot across all Districts surveyed. 

Tree species ranking 

SpecieS .... Average Crown dieback Psyllid attack 
Tree. species code DBHOB 1992 1993 1992 1993 

increment 

grey ironbark gI 1(1) 4 4 6 8 
Sydney blue guIIl sbG 2 2 2 2 1 
~ygum gG 3 8 5 7 2 
New England blackbutt eBB 4 1 1 4 5 
blackbUtt BB 5 7 8 9 7 
blue·leaved stringybark blS 6 6 7 12 3 
white topped box wtB 7 3 3 1 6 
narrow .. leaved white mahogany ... nwM 8 9 9 11 10 
forest :red gum fIG 9 5 6 5 4 
pink bloodwood pBW 10 12 13 8 11 
turperitire TP 11 15 15 15 15 
spotted gum sG 12 10 10 3 9 
brustioox bB 13 14 14 14 14 
·tallowwood TW 14 13 11 13 13 
. silvertop.stringybark sS 15 11 12 10 12 

(1) The smaller the ranking for a tree species the smaller the diameter increment and the higher the levels of canopy dieback and 

psyllid attack. 

Overall, the species rankings in Table 4 tend to confirm the relationship between girth annual increment 
and severity of crown dieback. However, some species appeared to vary in the degree to which a poor 
crown influenced DBHOB increment. For example, although New England (eBB) had very poor crowns 
generally they achieved moderate growth when compared to other affected species such as grey ironbark 
(gI) and grey gum (gG). When species rankings for severity of visible psyllid attack is also compared with 
DBHOB increment and crown dieback, the relationship between all three factors appears to be weaker. For 
example, the results indicate that dieback-affected grey ironbark (gI), on average, actually shrunk in bole
size, however, this corresponded to only moderate levels of psyllid infestation. Alternatively in 1992, 
spotted gum (sG) was assessed with high psyllid populations but was also recorded as having relatively 
good crowns and growth increment. Only Sydney blue gum (sbG) showed a strong association between 
growth increment, crown condition and the severity of visible psyllid attack. Two common non-eucalypt 
species in the dieback·affected areas, turpentine (TP) and brush box (bB), were consistently recorded as 
having little or no psyllid attack, good crowns and higher growth increments, relative to the eucalypt 
species in the plots (Table 4). It should be noted however, that no psyllids were found on foliage sampled 
from brush box or turpentine (Appendix 8, Tables 7 and 8) and therefore any symptoms attributed to psyllid 
attack (Table 3) were probably due to other sources. 

In general, the relative rankings on crown condition did not change between spring 1992 and spring 1993. 
TIle level of visible psyllid attack, however, displayed seasonal variability, especially for blue-leaved 
stringybark (hIS) and spotted gum (sG). In 1992 the level ofpsyllid damage on blue-leaved stringybark 
was very low but increased significantly during 1993, whereas on spotted gum the reverse occurred. 
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3 PSYUIDS 

Tables 7 and 8 (in Appendix 8) highlight the fact. that every species of eucalypt has its own complex of 
psyllid species. Although some psyllid species are found on several closely related eucalypt species, many 
are host specific. For example, species of Hya/inaspis occur only on eucalypts within the subgenus 
Monocalyptus (Appendix 8). Likewise, Cardiaspina species occur only on the subgenus Symphyomyrtus 
with only two known exceptions in Victoria. Although theremay be a relationship bet\yeen the susceptibility 
of a tree species to canopy dieback and the number of psyllid species found on the foliage, the lists in 
Appendix 8 are by no means complete. The number ofpsyllid species identified are mainly a reflection 
of the amount or type of foliage collected and its condition on arrival at the Research Division. What is 
obvious is that the non-eucalypt tree species in the dieback stands had a much lower abundance and 
'diversity of psyllids. Most of the 58 species of psyllids identified in Tables 7 and 8 occurred either at low 
densities on the leaves or amongst developing leafbuds, and their presence was only discernible upon close 
examination of sampled foliage. The scoring forpsyllid damage was based, therefore, on a relatively few 
species ofpsyllid which were either present athigh levels (e.g. Glycaspis baileyz), associated with conspicuous 
feeding damage (e.g. Cardiaspinafiscella), or had large distinctive lerps (e.g. Eitcalyptolyma spp.). In 
addition, damage caused by other insects such as leafminers, may sometimes have been confused with 
Cardiaspina damage. 

4. SITE FACTORS AND SILVICULTURAL HISTORY 

Of the plots selected as having a dieback problem, 62% occurred on upper slopes or ridgetops and only 
nine per cent were in gullies (Appendices 5 and 6). There was no obvious relationship between latitude, 
site topography or aspect with respect to this form of canopy dieback. The vast majority of plots (97%) 
had been exposed to some degree of logging and were on their second or third rotations. The exceptions 
were the two plots in Walcha District which occurred 'in protected gully catchment areas (Appendix 5). 
Although not formally surveyed, the Sydney blue gum stands in the Pt. Giro State Forest (Walcha District) 
are of particular interest. This forest consists principally of undisturbed old growth stands, currently not 
accessible by road because of steep topography. These stands appear to be in good health (based on aerial 
observations) and bell miner colonies appear to be infrequent (R. Kirwood, Forester, Walcha District, pers 
comm.). 

5. UNPERSTOREY 

Ninety per cent of the-plots were categorised as either medium or dense understorey (Appendix 5). As 
expected, native rainforest and introduced species dominated the understorey on the moister sites while 
on the drier sites sclerophyllous species such as Acacia became more abundant. On drier sites which were 
regularly burnt, the understorey generally consisted ofblady grass and bracken fern. Lantana occurred in 
36% of all plots. The incidence of lantana increased with decreasing latitude. Urbenville District, the 
northernmost District surveyed, had lantana in eight often plots. Although bell miners were present in each 
of the 26 plots that contained lantana, there was no apparent relationship between the presence oflantana 
and the size of the bell miner colony. Nor was there an obvious relationship between the presence oflantana 
and the intensity or severity of crown dieback or psyllid attack. 

6. BELL MINERS AND OTHER BIRDS 

Bell miner colonies occurred in 93% of all plots. Small «30 birds) and medium (30-50 birds) colony sizes 
were of equal frequency while very large colonies (> 50 birds) were much less common (9% of all colonies) 
(Appendix 5, Table 6). On average, the majority of bell miner colonies did not change in size over the 12 
month period (1992-1993) (Table 6 in Appendix 5). 
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A list of other bird species observed in the plots is presented in Appendix 9. It is apparent that bell miners 
are not totally successful in excluding other insectivorous birds from their territories. A wide range ofbird 
species representative of all feedirig guilds, including leaf-:gleaning birds, were observed. However, these 
birds were recorded opportunistically and no comment can be made on the relative density of bird species 
in dieback-affected sites compared to healthy stands. 
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DISCUSSION 

This survey has.revealed that well over 2000 ha of moist hardwood forest are affected by canopy dieback 
in Central anQ Northern Regions. Although the results were treated qualitatively, it is the first tiine that 
extensive areas of eucalyptdiebackhave been assessed simultaneously over two consecutive seasons. The 
survey reveals that eucalypt species with chronic levels of canopy dieback also have severe growth 
retardatIon. Eight trees being monitored for the survey died before their second assessment (=2.3% of 
permanently-labelled trees). 

The forest types in this survey most susceptible to canopy dieback belonged to the Sydney blue gum league. 
This league characteristically occurs in moist sheltered sites along the coast and escarpment, and in 
northern districts may ascend to 1200 m, although usually confined to areas under 900 m in altitude. As 
was 'shown in Tasmania (Ellis et al. 1980) it is assumed that, .in the past, there was an oscillating balance 
between domination of the overstorey by the eucalypts and rainforest species, which was determined 
principally by the frequency and intensity of fires. This survey however, has not identified rainforest 
species or any particular fire pattern as being strongly associated with sites with this fonn of canopy 
dieback. Nor did there appear to be a strong correlation between the presence oflantana and the intensity 
or the severity of crown dieback. It has not yet been determined whether the presence of rainforest species 
or introduced weeds such as lantana can alter soil properties to the detriment of the sclerophyll overstorey 
(e.g. possible introduction of allelochemicals). The potentially pathogenic fuQ,gi Phytophthora spp. have 
been isolated from soil sampled in Morisset and Urbenville Districts, but distribution within dieback
affected sites appears to be patchy (J.A. Simpson, Forest Pathologist, Research Division, pers. comm.). 

In addition to natural floristic competition, susceptible species are a~tacked by defoliating insects, 
especially psyllids. However, with the exception of Sydney blue gum, this s'urvey did not demonstrate 
conclusively a strong relationship between the degree of crown dieback and the severity of visible attack 
from psyllids. However, several factors may have interfered with achieving a true record of psyllid 
damage. For example, developing fresh flush can mask moderate levels of Glycaspispresent on the mature 
foliage and hence can result in an underestimation of psyllid levels. In addition, some psyllid species are 
more noticeable than others. For example, the feeding damage by Cardiaspina is more easily recognised 
than that of Glycaspis (Figure 1). There may have been a tendency to overestimate the effect of 
Eucalyptolyma maideni, which has large white lerps, on spotted gum, relative to more cryptic lerps. Many 
free-living psyllids feed amongst the buds and very young shoots (e.g. Blastopsylla brunnea on Sydney 
blue gum) and hence are very difficult to detect, without close examination of the foliage. The survey also 
demonstrated the seasonal fluctuations of psyllid populations on different species of eucalypt, hence the 
long-tenn impact of psyllids needs to be monitored over several years. 

Examination of foliage from the survey plots revealed a possible relationship between the susceptibility 
of tree species to this form of crown dieback and the relatively high diversity of psyllid species present on 
the foliage (e.g. see Sydney blue gum, grey ironbark and grey gum in Appendix 8, Tables 7 and 8). Some 
psyllid species have evolved to feed on specific age classes of foliage. The diversity of psyllids on 
susceptible eucalypts is such that all foliage, from the very young embryonic shoots to the over-mature 
leaves, are subjected to damage from feeding psyllids. If the regulatory forces controlling just a few of 
the psyllid species are altered then the numbers of p~yllids on both developing and mature foliage can 
increase, resulting in leaf mortality or premature abscission. Under these conditions the success of 
replacement foliage is also challenged. 
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1. PROCESSES CONTRIBUTING TO CROWN DIEBACK IN MOIST EUCALYPT 
FORESTS 

It is proposed that there are four general processes which may contribute to the "maintenance ofhigh psyllid 
numbers. The first is local climate (which in turn is influenced by site topography, aspect and understorey). 
However, confirming experimentally what has been observed in"the field has proven very difficult and has 
resulted in conflicting hypotheses. For example, Moore (1962) suggested that the wasp parasitoids of 
Glycaspis spp. operated at higher effiGiencies during dry conditions. However, Glycaspis spp. have a 
preference for large amounts of immature foliage which is often present after good spring or autumn rains. 
White (1969) claimed that the physiological stress produced as a consequence of alternating climatic 
extremes enhances the survival of sap-sucking insects such as psyllids. 

Secondly, there is a general entomological tenet that plants growing on suboptimal sites (for their species) 
tend to be more susceptible to insect attack, due to reduced vigour (e.g. Heinrichs 1988). One result from 
the study was that 62% of the selected plots were on upper slopes or ridge-tops while only 9% were in 
gullies. This result may be a reflection of the assessors' bias for sites with easy access. However, Baur 
(1989) claimed that, in general, Sydney blue gum dominated forests do better in moist conditions and 
gullies are less susceptible to drying out than higher slopes and ridges. Moore (1961) suggested that, as 
a consequence of intensive silvicultural management, some commercially desirable tree species may have 
regenerated in situations in which they could not compete previously. Moore (1962) also observed that 
Sydney blue gum trees on slope sites were attacked more frequently by the small sapwood-boring beetle, 
Xyleborus truncatus, than those in gully sites. 

The third factor is the evolutionary re1ationship between the eucalypt host (at the species or provenance 
level) and the psyllid complex associated with it. It is possible that the balance that has evolved between 
eucalypt host (e.g. defence mechanisms) and the sap-sucking psyllids (e.g. tolerance to these defence 
mechanisms), may favour the psyllids in some eucalypt species and hence result in the maintenance of 
relatively high psyllid populations. This in turn could attract bell miners to" the site (poiani 1993). This 
theory is supported by the larger diversity and relatively highernumbers ofpsyllids found on Sydney blue" 
gum, grey gum and grey ironbark in the survey. These three species were also found to be very susceptible 
to crown dieback. 

The final factor is the presence of bell miners. This survey has shown that the presence of bell miners is 
highly correlated with" this dieback problem. Although the density of bell miners appeared to be 
inconsistent with the severity of the canopy dieback (this was found to be more closely related to the 
susceptibility of the eucalypt species), the size of the area occupied by the bell miners appears to be 
correlated to the size of affected area. If the psyllid populations are not actually 'farmed' as originally 
proposed by Loyn et al. 1983 (see Introduction), other studies have suggested that they could influence 
the populations of both invertebrate herbivores and associated predator species. This could possibly occur 
because of their harassment of other insectivorous birds (Appendix 9, Smith and Robertson 1978, Poiani 
1993), interference in the efficacy of invertebrate natural enemies (e.g. parasitised psyllid nymphs are 
blackened and inay be more obvious to the birds) or by feeding directly on natural enemies (Campbell and 
Moore 1957). This study made no attempt to q).lantify the influence of bell miners on psyllid populations 
and the resulting impact on eucalypt hosts. More information is required on the populations and"behaviour 
of all bird species within dieback-affected areas, compared with healthy areas. 

Several studies have recorded that bell miners favour dense understorey for nesting and that it enhances 
fledgling survival (Smith and Robertson 1978, Clarke 1988). The results from this survey suggest that they 
are able to utilise a wide range of native and introduced plants and thatlantana is obviously suited for their 
requirements. However, the survey results do not indicate that they have a preference for lantana over 
natural mesophyllic understorey. Several Districts reported that the destruction of the understorey either 
by logging and/or fire often forced bell miner colonies to relocate. Unfortunately, in moist sites the 

16 
SURVEY OF CROWN DIEBACK IN MOIST HARDWOOD FORESTS 
(PSYLLID/BELL MINER RESEARCH PROGRAMME) 

STATE FORESTS OF NEW SOUTH WALES 
RESEARCH PAPER NO. 28 



~derstorey often regenerated at a faster rate than the eucalypts. Within a couple of years conditions once 
again favoured recolonis~tion by bell miners. A pOtential factor, which has not been investigated at all, 
is the impact nocturnal predators such as yellow-bellied gliders may have on psyllid populations. 

Although this survey was not designed to monitor the rate of spread of symptoms (this can be effectively 
achieved through the comparison of aerial photographs with an affected area photographed at the same 
scale, time of season over several seasons), several Distri~ts claimed that the problem was getting worse. 
The canopy dieback problem in an area can increase in two ways: the severity of canopy dieback can 
increase from a persistent chronic level to a level resulting in tree death (e.g. off Murray Scrub Rd, 
Urbenville District; in Strickland State Forest, Morisset District) or the area involved may increase (e.g. 
Cpt. 540, off Dip Yard Rd, Unumgar State Forest, Urbenville). often extending away from the gullies and 
into the eucalypt species on the higher slopes. A possible short-term explanation for these observations 
is the suboptimal rainfall during the survey period. All participating Districts had less than average anriual 
.rainfall in 1993. . 

The increasing spread of canopy dieback may also be linked to the successful maintenance of and/or 
increase in bell miner territories. What are the stand characteristics favoured by bell miners (apart from 
the supply of a reliable source ofpsyllids on some eucalypt species and a dense understorey)? A salient 
feature of dieback -affected areas occupied by bell miners is the presence of gaps in the overstorey, resulting 
from either dead standing trees or contracting mature crowns and regenerating saplings competing with 
the mesophyllic understorey in the resultant gaps. We therefore postulate that bell miners prefer a dense 
understorey and a discontinuous sc1erophyll overstorey. It is also postulated that selective thinning 
operations, as opposed to clear-felling, in stands of susceptible eucalypt species (e.g. Sydney blue gum) 
generate similar stand conditions. Selective thinning disrupts the overstorey canopy and produces a range 
of age classes 'over time, including the size class identified in this survey as being highly susceptible to this 
form of dieback (DBHOB = 0 - 30 cm). The reasons why saplings and co-dominants may be more 
susceptible than mature trees are not known; one possibility is that leaf-damaging psyllids may influence 
the energy budgets of actively growing trees differently to mature trees. A possible long-tenn explanation 
of why the dieback problem may be increasing, is that the proportion of moist sclerophyll forest being 
exposed to selective logging is increasing throughout the State. In support of thIs argument is the 
observation that the non-logged old growth Sydney blue gum stands in Pt. Giro State Forest (Walcha 
District) are in good health (based on aerial observations) and bell miner colonies appear to be absent in 
this forest (R. Kirwood, Forester, Walcha District,pers. comm.). Similarly, no sites selected for this survey 
occurred in plantations. Both experimental field trials and further surveys are needed to confirm this 
hypothesis on the susceptibility of moist eucalypt stands dominated by Sydney blue gum, in terms of 
harvesting practices. 

Figure 2 attempts to summarise the possible relationships between the factors, identified in this survey and 
in the literature, which contribute to bell miner-associated dieback in moist eucalypt forests. We propose· 
that elevated populations of psyllids are an initial consequence of an interaction between climate, host tree 
phenotype and site factors. This in turn attracts insectivorous birds including bell miners. Once a colony 
of bell miners establish a territory they activate a positive feedback loop whereby their presence favours 
the maintenance of high insect herbivore populations, in particular those of psyllids. This in turn, results 
in poor foliage condition and eventually, canopy dieback. 

We suggest that the two causal factors illustrated in Figure 2 which could be manipulated by forest 
managers are eucalypt species and site management. If it is thought desirable to maintain incumbent 
species which are susceptible to canopy dieback (e.g. Sydney blue gum) then a possible control strategy 
would be to maintain a low density understorey, which hopefully would force bell miners to relocate or 
avoid the site. Susceptibility of these eucalypts can also be minimised by regenerating/planting only on 
optimal sites for each species. For example, moisture stress is accentuated on upper slopes relative to 
gullies during a drought. A species that normally survives on atypical sites (compared to its natural 
distribution) may not do so in the presence of both moisture stress and bell miners. 
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Figure 2. A conceptual model illustrating possible relationships between the processes identified from 
this survey and the literature which may contribute to canopy dieback in moist hardwood forests. 
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Alternatively, if susceptible species are not of high priority then another control strategy would be to clear
fell affected stands, salvage the remaining marketable stems and replant the site with non-susceptible 
species. It is suggested that this procedure could be incorporated into Districts" eucalypt plantation 
establishment quota. As well as the species identified in this survey as being more resistant to this form 
of canopy dieback (e.g. flooded gum, sPotted gum, silvertop stringybark, brush box or turpentine), other 
species not included in this survey may also be suitable for planting on some affected sites. For example, 
E. dunnii (Dunn's white gum) is susceptible to Christmas beetle attack when establishing on ex-pastoral 
sites, however, it is not as susceptible to Cardiaspina attack as are flooded gum or Sydney blue gum or as 
susceptible to attack from Glycaspis as Sydney blue gum. Finally, an option that may be considered is to 
do nothing. Verbal reports from District staff suggest that recovery of affected stands is possible, upon 
receipt of good rainfall, for example. However, trees of susceptible species generally do not recover from 
the stress associated with several years of canopy dieback. 
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-------------------------------------------------

APPENDIX 1 

BELL MINERIPSYLLlD SURVEY SHEET 

One survey plot (50 m radius) per sheet 

SITE LOCATION 
................................................................................................................................................................................................... 
District, Forest, Compartment 

OBSERVER ............................................................... . Date .................................. . Time ................. . 

SITE TOPOGRAPHY 

o Ridge o Upper Slope o Lower Slope o Gully ................... Aspect 

RECENT SIL VICULTURAL ACTIVITIES - indicate year 

o Heavy logging 0 Light logging 0 Controlled burn 
o Wildfire 0 Other .................................................................................... . 

SITE VEGETATION 

List tree species 

Understorey 

% of total no. 
of trees 

% in each 
DB HOB size class (cm) 

0-30 30-50 50-80 > 80 
Crown 

dieback? 
o 
o 
o 
o 
o 

Visible 
Psyllid 
attack 
o 
o 
o 
o 
o 

o Dense o Moderate o Sparse 

Brief description of understorey (include species if known) 

BELL MINER COLONY - Add numbers of birds, heard and seen in four 90 sectors 

SIZE o large (over 50 birds) o moderate (30 to 50 birds) 
o small (less 30 birds) o no colony Gust 1 or 2 individuals) 

DENSITY (BELL MINERS (fREE) 

Select five 'representative' dominant trees from centre of plot 

Tree No. 
1 
2 
3 
4 
5 

Tree species 

CROWN CONDITION 

No. of 
DBHOB bellminers Absent 

o 
o 
o 
o 
o 

o no bell miners 

List other 
birds present 

Use the same five trees as for bell miner density assessment (refer to Appendix 2 for description of the scoring system) 

Tree No. Crown density growth Dead branches Crown epicormics Psyllid attack 
1 0 0 0 0 
2 0 0 0 0 
3 0 0 0 0 
4 0 0 0 0 
5 0 0 0 0 
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APPENDIX 2 

SCORING SYSTEM FOR CROWN CONDITION AND PSYLLID ATTACK 

Crown densitj 

(5) Very dense leaf clumps with even distribution of clumps over the crown. Very little light penetrating the leaf 
clumps. 

(4) Dense leaf clumps distributed unevenly over the crown. 
(3) Clumps of average density with reasonable distribution or dense clumps very unevenly spread. 
(2) Clumps are sparse and poorly spread. 
(1) Very few leaves anywhere in crown. 

Dead branches 

(5) No visible dead branches or branches in the crown. 
(4) On close inspection dead branchlets are evident but not over all the crown. 
(3) Small branches are dead but not over all the crown. These are easily observed 

'but do not give the impression of seriously affecting the crown. 
(2) Large and/or small branches dead over part of the crown with the obvious impression of serious branch death. 
(1) Large and small branches dead over most of the crown which is obviously dying. 

Crown epicormic growth 

A perfectly healthy crown has the foliage concentrated at the branch extremity. Growth occurs further in along the 
branch and growing in an upright position is termed epicormic growth. 

(5) No epicormic growth is present 
(4) Slight epicormic growth can be seen in part of the crown. 
(3) Moderate epicormic growth is present over most of the crown. 
(2) Epicormic growth is evident over most of the crown. 
(1) Epicormic growth is evident over most of the crown and stem. 

Psyllid discoloration of crown 

(5) Low - presence of psyllids (lerps) difficult to detect on the foliage, amount of reddish/purple or brown 
discoloration per leaf very low. 

(4) Moderate - Clumps of leaves with obvious reddish/jmrple or brown discoloration. 
(3) High - each leaf has numerous white or brown lerps, crown has an overall reddish/brown appearance. 

24 
SURVEY OF CROWN DIEBACK IN MOIST HARDWOOD FORESTS 
(PSYLLID/BELL MINER RESEARCH PROGRAMME) 

STA TB FORESTS OF NEW SOUTH WALES 
RESEARCH PAPER NO. 28 



APPENDIX 3 

PWT WCATIONS AND ESTIMATED SIZE OF AFFECTED AREAS 

Morjsset District 

No. 1 Ouri~bah State Forest, Cpt 144; Red Hill Rd, map ref. 9131-2-N Wyong 4820, 1595. 
Area = 39.25 ha. 

No. 2 Ourimbah State Forest, Cpt 138; 30 m past old dump site (loading ramp) on Blackbutt Range Rd 
to blazed line on north side; follow line 50 rn to star post; map ref. 9131-2-N Wyong 4445, 1335. 
Area = 19.5 ha. 

No. 3 Ourimbah State Forest, Cpt 140; Camp Pt, Steel peg R/H edge of track 500 m down Camp Pt. 
Area = 11.5 ha. " 

No. 4 Ourimbah State Forest, Cpt 154; on creek flat, tree 1 has star post near it marking centre of plot; 
map ref. 9131-2-N Wyong 468, 107. Area = 2.75 ha. 

No. 5 Olney State Forest, Cpt 105; easterly along boundary line for 60 rn, plot J)eg is 6 m on forest side; 
map ref. 9131-1-S Dooralong"515, 271. Area = 9.25 ha. 

No. 6 Wyong State Forest, Cpt 114; 60 m past a creek junction along Little Jilliby Creek, follow a blaze 
line on the left to star picket; map ref. 9131-1-S Dooralong 453,235. Area = 2.5 ha. 

No. 7 Ourirnbah State Forest, Cpt 142; Joe' s Pt Rd, 400 m down a powerline Rd. marked 21 T. Plot peg 
is on the L/H of track near a stump; map ref. 9131-2-N Wyong 462; 140. Area = 2.0 ha. 

No. 8 Ourimbah State Forest, Cpt 148; on Tank Pt Rd, 90 m down from culvert in gully, plot peg on 
L/H side of track; map ref. 9131-2-N Wyong 468,123. Area = 17.0 ha. 

No. 9 Olney State Forest, Cpt 27; off Tuckerbox Rd; map ref. 9131-1-N Morisset 426413. 
Area = 7.0 ha. 

No. 10 Olney State Forest, Cpt 215; in gully between Rope and McCa~ Rds. Area = 15.4 ha. 

Total affected area surveyed= 127 ha 

Bulahdelah District 

No. 1 Myall River State"Forest, Cpt 16. Area = 3 ha. 

Gloucester District 

No. 1 Chichester State Forest, Cpt 21; 'Frying Pan' plot. Area = 29 ha. 

No. 2 Chichester State Forest, Cpt 26; Middle Ridge Rd. Area = 16 ha. 

No. 3 Chichester State Forest, Cpt 47; Middle Ridge Rd. 3; No.1 tree 50 m below 47/1 trial. 
Area = 11 ha. 
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No. 4 Chichester State Forest, Cpt 35; Bush Mill Rd; 0.5 km south along Bush Mill Rd. from 35/3 trial. 
Area = 30 ha. 

No. 5 Chichester State Forest, Cpt 34/36; Bush Mill Rd 2; 0.3 km north along Bush Mill Rd from 
bottom locked gate. Area = 26 ha. 

No. 6 Chichester State Forest, Cpt 106; Williams Top Rd; 1.6 k west from junction of Williams Top 
Rd. and Lookout Rd. Area = 6 ha. 

No. 7 Chichester State Forest, Cpt 108; Mt Allyn"Rd 1; 0.5 km up Mt Allyn Rd. past Shellbrook Rd. 
tumoff. Area = 14 ha. 

No. 8 Giro State Forest, Cpt 22; 4000 ft ASL. Area = 4 ha. 

No. 9 Copeland Tops State Forest, Cpt 3. Area = 2 ha. 

No. 10 Gloucester Tops State Forest, Cpt 159; 3000 ft ASL. Area = 4 ha. 

Total affected area sUIveyed = 142 ha. 

Taree District 

No. 1 Dingo State Forest, Cpt 58; 194 ; 18.4 m from large stump. Area = 9.25 ha. 

No. 2 Bulga State Forest, Cpt 114; 50 m below Murrays Rd, 54 m east of old stump. Area = 3 ha. 

No. 3 Bulga State Forest, Cpt 47; Circle Rd. Area = 4Sha. 

No. 4 Bulga State Forest, Cpt 52; Circle Rd. Area = 2.5 ha. 

No. 5 Bulga State Forest, Cpt 152. Area = 4.75 ha. 

No. 6 Bulga State Forest, Cpt 5; centre of spur below Rd. Area = 4.25 ha. 

No. 7 Bulga State Forest, Cpt 87; Frenchs Ck. Rd. Area = 10 ha. 

No. 8 Bulga State Forest, Cpt 170; Tirrol Link Rd, 290 off pipe at junction. Area = 1.5 ha. 

No. 9 Enfield State Forest, Cpt 284; Myrtle Scrub Rd. Area = 45 ha. 

No.lO Doyles River State Forest, Cpt 199; Knodingbul Rd. Area = 7.75 ha. 

No. 11 Knorritt State Forest, Cpt 70. Knodingbul Rd. Area = 3 ha 

No. 12 Bulga State Forest, Cpt 154; 350 m up from bridge. Area = 56.25 ha. 

No. 13 Bulga State Forest, Cpt 33; Padmans Rd. Area = 10 ha. 

No.14 Dingo State Forest, Cpt 97; Dingo Tops Rd. Area = 3.75 ha. 

Total affected area surveyed = 166 ha. 
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Waucbope District 

No. 1 Bri1 Bril State Forest, Cpt 1-3; Wauchope management sign, Bottle Brush Junction. 
Area = 32.4 ha. 

No. 2 Mt. Boss State Forest, Cpt 167; Cooks Rd, 0.5 km west from p.p. ramp. Area = 8.1 ha. 

No. 3 Kipparra State Forest, Cpt 14; junction of caravan and Geary's Flat Rds. Area = 16.2 ha. 

No. 4 Kipparra State Forest, Cpt 4; 0.6 km Cogo Rd and Durie Rd. junction. Area = 36.4 ha. 

No. 5 Kipparra State Forest, Cpt 30; 0.5 past Deans' Rd. Area = 12.1 ha. 

No. 6 Ballengarra State Forest, Cpt 44; off Kumbatine Rd. Area = 20.2 ha. 

No. 7 Kipparra State Forest, Cpt 28.1; 1.8 km past Cpt 28 Rd. along Tuckybunyubar Rd. 
Area = 20.2 ha. 

No. 8 Doy1es River State Forest, Cpt 50; 0.4 km past Ralons Ck. sign on the Oxley Hwy. 
Area = 12.4 ha. 

No. 9 Doy1es River State Forest, Cpt 165; cnr Oxley Hwy and Knodingbul Rd. Area = 20.2 ha. 

No. 10 Doy1es River State Forest, Cpt 142; 50 m along Banjo Ck Rd on Hwy side of Banjo Ck. 
Area = 28.3 ha. 

No. 11 Doy1es River State Forest, Cpt 139; 3.8 km along Tobins Rd. Area =? 

No. 12 Doy1es River State Forest, Cpt 214; 6.5 km along Tobins Rd in from Oxley Hwy. 
Area = 24.3 ha. 

Total affected area sUlveyed = 231 ha 

WaJcba District 

No. 1 Nowendoc State Forest, Cpt 210; off Morriss Fire Trial. Area = 16 ha. 

No. 2 Riamukka State Forest, ·Cpt 93; near junction of River Rd and Mumme1 River. Area = 2.5 ha. 

Kempsey District 

No. 1 Lower Creek State Forest, Cpt 1; /H side ofPetroi Rd, 0.5 km in from forest boundary sign. 
Area=2 ba. 

No. 2 Nulla Five Day State Forest, Cpt 95; on roadside at switchback on postman's trial, 5.6 km from 
Nulla Rd junction, 0.7 km past Comara trial junction. Area = 1 ha. 

No. 3 Nulla Five Day State Forest, Cpt 81: on Nulla Rd, 380 m into Nulla Five Day SF from forest sign 
on roadside. Area = 4 ha. 

No. 4 Nulla Five Day State Forest, Cpt 44; on O'Neils Rd, 2.9 km down from Kilprotay Rd and 1.7 km 
up from Davis Ck Rd. Area = 2 ha. 
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No. 5 Nulla Five Day State Forest Cpt 38; off Kilprotay Rd, 390 m from junction with Hickeys Ck Rd. 
Area = 1 ha. 

No. 6 Carrai State Forest, Cpt 23; edge of Carrai Rd, 9 km .past Kookaburra Hut. Area = 2 ha. 

No. 7 Carrai State Forest, Cpt 28; on Carrai Rd, 1.7 km past Rossiters Rd (Windy qap). ~rea = 1 ha. 

No. 8 YessbahStateForest, Cpt49 (Craven Box Preserve); in YessbahF.R.,onAnderson'sRd 1.3 km 
past the 4 ways, 0.2 km short of Long Flat Ck Rd. Area = 1 ha. 

No. 9 Yessbah State Forest, Cpt 43 on R/H side of Andersons Rd, 0.2 km past Hut Rd junction. 
Area = 1 ha. 

No. 10 Yessbah State Forest, Cpt 41; on edge of Bears Rd, 7.2 km up from intersection ofDavis Rd and 
1 km short of junction with Kumbatine Rd. Area = 2 ha. 

No. 11 Yessbah State Forest, Cpt 36; on Kumbatine Ck, 5.4 km up along Bears Rd from Davis Rd 
junction. Area = 2 ha. 

Total affected area surveyed = 19 ha 

Urbenyille District 

No. 1 Koreelah State Forest, Cpt 6. Area = 20 ha. 

No. 2 Mount Lindesay State Forest, Cpt 38. Area = 50 ha. 

No. 3 Beaury Forest State Forest, Cpt 92; off Rock Hill Rd at logging dump, easterly along snig track 
to marked stump. Area = 20 ha. 

No. 4 Yabbra State Forest, Cpt 151; turn off Bonalbo Rd (bitumen). Area = 10 ha. 

No. 5 Unumgar State Forest, Cpt 229. Area = 50 ha. 

No. 6 Unumgar State Forest, Cpt 235. Area = 80 ha. 

No. 7 Toonumbar State Forest, Cpt 244. Area = 20 ha. 

No. 8 Toonumbar State Forest, Cpt 246. Area = 20 ha. 

No. 9 Toonumbar State Forest, Cpt 272. Area = 30 ha. 

No. 10 Mt Lindesay State Forest, Cpt 276; Bellbird Rest Area. Area = 80 ha. 

Total affected area surveyed = 380 ha. 
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APPENDIX 4 

TREE SPECIES CODE (1) 

Species code 

bAP 
bB 
BB 
BR 
blS 
erR 

(dO 
:dS 

:}:eBB '::':/'" 
AO 

'{;ID :;::::: .: .. ' 

fIG 

J~~ : .. 
;gO 

gI 
maG 

: ~'rM ... 
pBW 
rAP. 

<riG 
riG 
rM 

. ' 800·«'" 
:,::80 
·SPM ·:·····:· 
sS 
lP: 
TW 
W 
Wag 
wS 
wtB 

Common name 

broad-leaved apple 
brush box 
blackbutt 
brown barrel 
blue-leaved stringybark 
craven grey box 

. Dwm's white gum 
. diehard stringybark 
' New-England blackbuu 

.flooded gum 
" forest oak 

forest red gum 
~ybox 
grey gum 

grey.ironbark 
:mannagum . 

. ,,:' 

narrow-leaved white mahogany 
/pirik bloodwood 
roughbarked apple 
ribbon gum .::. 
round leaved gum 
red mahogany 
Sydney blue gum 
spotted gum 
Sydileypeppennirit 
silvenop stringybarlc 
turpentine 
tallowwood 
wattle 
water gum 
white stringybarlc 
white topped box 

BotanicaJ name 

AngophOta suhvelutina 
Lophostemon confertus 
Eucalyptus pilularts 
Eucalyptus /astigata 
Eucalyptus agglomerata 
EucalyPtus largeana 
Eucalyptus· duJiliii 
Eucalyptus cameronii 
EucalyptusdndreWsii 
Eucalyptus grandis 
AlloCasuatlnatoruJosa 
Eucalyptus tereticornis 
Alfc.alyptus:moluccana 
Eucaljpilispropinqua or 
Euca!yptLispunctata 
EucalyptUs:parliculata 
Eucalyptusviminalis 
Eucal"YPtJIS acm.enoides 
Eueaiyptiis intermedia 
Angophora floribunda 
Eucalyptusruhida 
Eucalyptus deanei 
Eucalyptus resinifera 
Eucalyptus saligna 
Eucalyptus'maculata 

. EuCiilypiUs piperita 
Eucalyptus laevopinea 
Syncarpiaglomulijera 
Eucalyptus microcorys 
Acaciaspp. 
Tristaniopsis laurina 
Eucalyptus globoidea 
Eucalyptus quadrangulata 

(1) Species code based on the forest type classification developed by G.N. BaUl' (1989, 2nd ed.). Forest Types in New South 
Wales. For. Comm. N.s .W. Res. Note No . 17. 95 pp. 
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APPENDIX 5 

SUMMARY OF SURVEY SHEETS ACROSS AIL PARTICIPATING DISTRICTS 

Number and distribUlion ojpsyl/id/bell miner survey plots in 1993:- Morissel (10); Bulahdelah (1); Gloucester (10); 
Taree (14); Wauchope (13); Walcha (2); Kempsey (11) and Urbenville (l0) (71 plots) (location details provided in 
Appendix 3). 

Topographical position:- 40% were on upper slopes, 28% were on lower slopes, 22% were on ridgetops and 9% in 

gullies. 

Site aspect:- Most common was easterly, second most common was a northerly aspect. 

Recent silvicultural activities:- Light logging (46% of plots); heavy logging (25%) and control burn (17%). Twelve 
per cent of plots had been burnt by a recent wildflre and only two plots had no known disturbance for at least 30 years. 

Table S. Summary description of most common tree species in all plots surveyed. 
Eucalypt species code provided in Appendix 4. 

Understorey:- 50% of all plots were of medium densilY while 40% of plots were assessed as having dense 
understorey. Most commonly, the understorey was described of a dislurbed rainforest type with sclerophyllous 
species (e.g. Acacia spp.) and introduced weeds often present. Lantana occurred in 26 of the 71 plots, increasing in 
abundance in the northern Districts. 

Bell miner colony size:-

Table 6. Number of plots with bell miner colonies in each size category. 
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APPENDIX 6 

SUMMARY OF SURVEY SHEETS FROM EACH DISTRICT 

Morisset District 

Number and distribution ofpsyllidlbell miner survey plots in 1993:- Ourimbah State Forest (6), Olney State Forest (3) 
and Wyong State Forest (1) (location details provided in Appendix 3). 

Topographical position:- Most common site position was upper slope (45% of all plots). 

Site aspect:- Most common was northerly. 

Recent silvicultural activities:- Most common were light logging and control burn. 

Summary description of most common tree species across all plots:-

(1) The larger the score the more common was the occurrence of crown dieback and psyllid attack. 

Summary of DBHOB size class distribution (mean % ± S.E.)for each tree species:-

Understorey:- 60% of plots were classed as having a dense understorey. All plots had a history of understorey 
disturbance. The lower slope plots contained both sclerophyU and rainforest species. Understorey composition on 
the upper slopes was dominated by sclerophyll shrubs and grass species. Lantana was present only in Plot 4. 
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Number of plots in each bell miner colony size category:-

Permanent plots:- Summary description of tree species using the five representative trees/plot across all plots 
(mean % ± S.E.). 

The lower the score the more severe the dieback and psyllid attack; maximum score of crown condition = IS; 
a score of 5 represents a very low level of psyllid attack; (DOB=DBHOB). 

Bulahdelah District 

Number and distribution ofpsyllid I bell miner survey plots in 1993:- Only one plot, located in Myall Run State Forest 
(location details provided in Appendix 3). 

Topographical position:- Gully. 

Site aspect:- North-easterly. 

Recent silvicultural activity:- Wildfue in 1991 and SbG thinning in 1987/88. 

Summary description of tree species in the plot:-
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Summary of DBHOB size class distribution (mean % ± S.E.)for each tree species:-

DBHOBsize 
class 

. :: 

blS cm ro sbG TW Total 
0" 30 . 5.5 S.5 40,0 S.S 89.S 

30 - 50 · 0 0 10.0 0 10.0 
SO ~80 0·', 0 0 0 
> 80)\,. 0 0 0 0 

No, lots ... , 1:: 1 1 1 

Understorey:- Plot understorey density was medium, comprising equally of rainforest and sclerophyll species. No 
lantana was present 

Bell miner colony size: - The size of the bell miner colony did not change noticeably between Spring 1992 and Spring 
1993. It was considered small on both occasions. 

Permanent plots:- Summary description of the five representative trees in the pennanent plot (Mean % ± SE). 

(1) The lower the score the more severe the dieback and psyllid attack; maximum score of crown condition = 15; 
a score of 5 ~sents a very low level of psyllid attack; (DOB=DBHOB). - - .- ----

Approximately a further 10 ha are known (as of August 1994) to be suffering crown dieback in Bulahdelah District 
(three sites in Craven State Forest and one site in Wang Waulk State Forest). Bell miner colonies are present at all 
four sites. 

Gloucester Djstrict 

Number and distribution of psyl/id/bell miner survey plots in J 993:- Chichester State Forest (7), Giro State Forest (l), 
Gloucester Tops State Forest (1) and Cope land Tops State Forest (1) (location details provided in Appendix 3). 

Topographical position:- Most common site position was upper slope (54% of plots). 

Site aspect:- Most common aspect was easterly. 

Recent silvicultural activities:- Most common was heavy logging (60% of plots). 

Summary description of most common tree species across all plots:-
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Summary of DB HOB size class distribution (mean % ±S.E.)for each tree species:-

Understorey:- Half the plots had a dense understorey while the other half were classed as having an understorey of 
medium density. All plots had a history of high disturbance, with early colonising species (e.g. vines andAcacia spp.) 
present at most sites. Lantana was present in three plots. 

Number of plots in each bell miner colony size calegory:-

Although bell miner colonies were observed in Plots 1 and 4 during 1992 and 1993 they were lcnown to have been 
present twelve months prior to the 1992 survey. Plot 1 had been heavily logged during 1991. 

Permanent plots:- Summary description of tree species using the five representative trees I plot across all plots 
(mean % ± S.E.). 

The lower the score the more severe the dieback and psyllid attack; maximum score of crown condition = IS; 
a score of 5 represents a very low level of psyllid attack; (DOB=DBHOB). 

Taree District 

Number and distribution ofpsyllidlbeli miner survey plots in 1993:- Dingo State Forest (1), Bulga State Forest (10), 
Enfield State Forest (1); Doyles River State Forest (1) and Knorritt Stale Forest (1) (location details provided in 
Appendix 3). 

Topographical positions:- Upper slope was the most common (43% of the plots) while 28% were on ridges. 

Site aspect:- No particular aspect dominated. 

Silviculturai activities: - All sites have been either thinned or logged, although only four plots have been disturbed 
during the past 16 years. 
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Summary description of most common tree species across all plots:-

Summary of DBHOB size class distribution (mean % ± S.E.) for each tree species:-

Understorey:- 60% of plots were classed as having a dense understorey. The understorey consisted predominantly 
of rainforest species with some sclerophyll species present. Plots 11 and 14 had lantana but incidentally did not 
contain sbG. Plot 12 had a blady grass understorey after recent heavy logging (the bell miner colony was stiU present). 

Number of plots in each bell miner colony size calegory:-

Prior to heavy logging in Plot 13 during 1989 many sbGs were suffering crown dieback and a large bell miner colony 
was present in the stand. By 1992 the beU miners had gone and the remaining sbGs appeared to be recovering. In 
Plot 2 the ben miner colony had increased from small to large while for Plot 3 the reversed occurred. 
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Permanent plots:- Summary description of tree species using the five representative trees/plot across all plots 
(mean % ± S.E.). 

(1) The lower the score the more severe the dieback and psyllid attac~ maximum score of crown condition = 15; 
a score of 5 represents a very low level of psyllid attac~ (DOB=DBHOB). 

WaucbQpe District 

Number and distribution of psyliid I bell miner survey plots in 1993:- Brill Brill State Forest (1), Mt Boss State 
Forest (1), Kipparra State Forest (4), Ballengarra State Forest (1) and Doyles River State Forest (6) (location details 
provided in Appendix 3). 

Topographical position: - 43% were on upper slopes and 28% were on ridges. 

Site aspect: - Northerly and easterly were equally the most common aspects. 

Recent silvicultural activities:- All plots had been either lightly or heavily logged. 

Summary description of most common tree species across all plots:-
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Summary of DBHOB size class distribution (mean % ± S.E.) for each tree species:-

Understorey:- 69% of the plots were classed as having understorey of medium density. All plots, except Plot 11 
(which was shrubby sclerophyll) were disturbed moist sites dominated by rainforest understorey species. Six plots 
(1,3,4,5,6 and 7) contained lantana. 

Number of plots in each bell miner colony size category:-

Approximately half the bell miner colonies increased in size over the 12 month period between 1992 and 1993. 

Permanent plots:- Summary description of tree species using the five representative trees/plot across all plots 
(mean % ± S.E.). 

The lower score the more severe the dieback and psyllid attac~ maximum score of crown condition = 15; 
a score of 5 represents a very low level of psyllid attac~ (DOB=DBHOB). 
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Walcba District 

Number and distribuJion ofpsyllidlbell miner survey plots in 1993:- Nowendoc State Forest (1) and Riamukka State 
Forest (1) (location details provided in Appendix 3). 

Topographical positions:- The Nowendoc State Forest plot was on an upper and lower slope while the Riarnukka 
State Forest plot was over a lower slope and gully. 

Site aspect:- Most common was easterly. 

Recent silvicultural activities:- Neither plot had been exposed to any silvicultural practice in the gully catchment 
areas, however, heavy logging has occurred nearby. 

Summary description of most common tree species across all plots:-

Summary of DBHOB size class distribution (mean % ± S.E.) for each tree species:-

Understorey:- The understorey density in the Nowendoc State Forest plot was dense while the understorey in the 
Riarnukka State Forest was classed as medium density. The species composition was predominantly rainforest with 
some sclerophyll species present 

Bell miner colony size:- The size of the bell miner colonies did not change noticeably between Spring 1992 and 
Spring 1993. They were considered medium in each plot on both occasions. 

Permanent Plots:- Summary description of tree species using the five representative trees/plot across all plots 
(mean % ± S.E.). 

The lower the score the more severe the dieback psyllid attack; maximum score of crown condition=15; 
a score of 5 represents a very low level of psyllid attack; (DOB=DBHOB). 

At least 20 sites have now (as at August 1994) been identified in Walcha District as suffering from crown dieback, 
including two sites in Tuggolo State Forest. Of particular interest are the blue gum stands in Pt Giro State Forest. 
This forest consists principally of undisturbed old growth stands, currently not accessible by road due to steep 
topography. These stands appear to be in good health (aerial observations) and bell miner colonies appear to be absent 
in the forest. 
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Kempsey District 

Number and distribution of psy/lid/ bell miner survey plots in 1993:- Lower Creek State Forest (1), Nulla Five Day 
State Forest (4), Carrai State Forest (2) and Yessabah State Forest (4) (location details provided in Appendix 3). 

Topographical positions: - 36% of plots were on upper slopes; 36% on lower slopes and the remainder on ridges. 

Site aspect:- Westerly and easterly were equally the most common aspects. 

Recent silvicultural activities:- All plots had a history of recent silvicultural disturbance with 20% of plots heavily 
logged and 60% lightly logged. 

Summary description of most common tree species across all plots:-

Summary of DBHOB size class distribution (mean % ± S.E.) for each tree species:-

Understorey.- Nearly half the plots were classed as having a dense understorey while the other half had a medium 
understorey. Two of the eleven plots consisted of sparse sclerophyll elements, while the others were dominated by 
rainforest understorey species. Six plots contained lantana. 

Number of plots in each bell miner colony size category:-
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Plot 6 was distinguished by having no bell miner colonies and numerous dead overstorey trees. Bell miner colonies 
thought to have been in Plot 7 in prior years but are now gone. Little evidence of past logging in this plot 

Permanent plots:- Summary description of tree species using the five representative trees/plot across all plots 
(mean % ± S.E.). 

Several other affected stands have been identified along the George 's River (eastern boundary of Styx River State 
Forest) in the presence of bell miner colonies. 

Urbenyjlle District 

Number and distribution ofpsyllidlbell miner survey plots in 1993:- Koreelah State Forest (1), Mt. Lindsay State 
Forest (2), Beaury State Forest (1), Yabra State Forest (1), Unumagar State Forest (2) and Toonumbar State Forest (3) 
(location details provided in Appendix 3). 

Topographical positions:- 60% were on lower slopes while the remainder were on upper slopes. 

Site aspect: - The most common aspect was easterly. 

Recent silvicultural activities:- Recently 47% of plots have been lightly logged, 17% heavily logged and 29% 
exposed to a control bum. 

Summary description of most common tree species across all plots:-
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Summary of DBHOB size class distribution (mean % ± S.E.) for each tree species:-

Understorey:- 45% of the plots were classed as having a dense understorey while 36% of the plots had a medium 
density understorey. Urbenville District had the highest proportion of plots (80%) containing lantana. 

Number of plots in each bell miner colony size category:-

Permanent plots:- Summary description of tree species using the five representative trees/plot across all plots 
(mean % ± S.E.). 

In addition to the sites described above, other affected areas were known to exist in these State Forests as well as in 
South Toonumbar and Bald Knob State Forests. 
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APPENDIX 7 

BRIEF ASSESSMENT OF BELL MINERIPSYLLID DIEBACK PROBLEM BY DISTRICTS NOT 
INVOLVED WITH SURVEY (as at August 1994) 

Moss yale District 

Of the very few moist hardwood stands existing in Moss Vale District, none are known to be affected by canopy 
dieback. In addition, the Sydney blue gum dominated stands which occur on Waterboard catchment and National 
Park land also are not known to contain any noticeable areas of canopy dieback. 

l1ruDl:a District 

Three sites, all of the tallowwood-Sydney blue gum forest type with dense rainforest understorey, are known (as at 
August 1994) to be affected by canopy dieback. These sites are located in Irishman State Forest (Cpt 203), Thumb 
Creek State Forest (Cpt426) and Oakes State Forest (Cpt 397). They all contain bell miner colonies and have been 
logged during the past 30 years. 

DoujKo District 

There are at least five sites, each approximately one hectare in size, identified as suffering from canopy dieback. All 
sites contain Sydney blue gum regrowth approximately 30 years of age. These sites are located at : 

1. Clouds Creek State Forest (Cpt 73, junction of Armidale-Grafton and Blue Rock Rds.; Dundurrabin map ref. 
45755,666142). Siteonaridgeand upper slope with a northerly aspect It was heavily logged then burnt in 1991. 
The dense understorey consists of rainforest and Acacia species. The dom inant tree species is Sydney blue gum. 

2. Wild Cattle Creek State Forest (Cpts 540 and 539, on Retrievers Rd; Dundurrabin map ref. 47382, 665965). Site 
is on a ridge and upper slope with a south-easterly aspect and was lightly logged in 1988. The dense understorey 
is dominated by rainforest species. 

3. Wild Cattle Creek State Forest (Cpts 554 and 555, off HutRd, opposite Cpt 76 Welcome Flat pine pIt; Moleton 
map ref. 47957, 665645). The site is on a ridge and upper slope with a westerly aspect It was heavily logged 
in 1988. Rainforest species dominate the dense understorey. The dominant tree species is Sydney blue gum. 

4. Private property (on Chaelundi Rd, 1 km west of Hyland Rd. junction; Portion 36, Parish Blicks, Marengo map 
ref. 45095,666230). The site is on an upper slope with a north-easterly aspect. The dense understorey consists 
mainly of rainforest species and bracken fern. The dominant tree species is Sydney blue gum. 

5. Clouds Creek State Forest (off Chapmans Plain Rd, Cpt 116; Dundurrabin map ref. 46785, 666325). The site 
is on a gentle upper slope with a north-easterly aspect. The moderate to sparse understorey is mainly 
sclerophyllous with occasional forest oak and larger Acacia species present. Silvertop stringybark and New 
England eucalypt species are also present with the Sydney blue gum. 

In genera!, the Sydney blue gum crowns consisted of epiconnic growth in poor condition and supported high psyUid 
populations. Bell miner colonies were present at all five sites but lantana was absent from these sites. 

Grafton Djstrict 

Although the Grafton Management Area contains 1100 ha offorest type 46 (S ydney blue gum) and 5,600 ha of forest 
type 47 (Sydney blue gum-tallowwood), canopy dieback is not, at present (August 1994) a problem, even in the 
presence of bell miners. Closer inspection of some areas, however, may reveal the presence of canopy dieback in 
isolated patches. 
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Glep Ippes District 

The following four sites are known to have Sydney blue gum with canopy dieback: 

1. ForesLland State Forest (Coolarnangera Flora Reserve). Sydney blue gum is present but is not the dominant 
species; New England blackbun, messmate, silvertop stringybark, round leaved gum and manna gum are also 
present Part of the area was logged in 1982. 

2. Little Spirabo State Forest (along Red Soil Ck.). A sbG and BR mixed stand, approximately one hectare, located 
in a moist gully. The site has no recent logging hiStory. 

3. Girard State Forest (along Macleods Creek, off Macleods Creek Rd). A Sydney blue gum-dominated stand 
approximately six hectares. 

4. Gibraltar Range State Forest (on eastern end of Narlerla Rd, near tumoff to Cooraldooral Trig). Site consists 
of several hectares of affected Sydney blue gum. 

Bell miner colonies are present at all four sites. 

Casino District 

Moist hardwood canopy dieback is currently not considered a problem in the Casino District, although a small number 
of isolated patches are known to exist in Richmond Range State Forest, with tree death being restricted to Sydney 
blue gum. Both bell miner colonies and dense lantana are highly correlated with these sites. 
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APPENDIX 8 

liST OF PSYUID SPECIES SAMPLED AND HOST TREE SPECIES 

Table 7. List of psyllid species sampled from tree species recorded in the bell miner/psyllid 
sUlVey. All species listed are in the family Myrtaceae. 
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Psyllid spec;.iesID 

. Eucalyptolymasp.l(2) (L)(3) 
Agelaeopsyl/adividua (2) (FL)(3) 

lfyalinaspis sp; 1 (L) 
Eucalyptoljma sp.:2 (1,) 
Cryptoneossa sp. (FL) 

Eucalyptolyma.maideni (Li 
A.gelaeopsyllqmaculata,.( )(.fl.) 
CryptoneossqiHangula (2)(FL) 

Glycaspis (Sy"g'ycpspis).sp.D(L) 
Hyali"aspisPd.llidinctil?(L) 
Hyalinaspis vitreipeJta7 (L) 
Ctenarytainasp~ (FL) 
CryptoneossQVu/gqris .(FI,;) 
AnoeconeQssa.p.ecrinata (2){FL) 

Glycaspis (S~)sp.E (L) 
Hyalinaspis s~ f(L) 
Hyalinaspis pallidinota? (L) 
Hyalinaspis s.iinispherula (L) 
Hyalinaspis viireipeita? (L) 

Glycaspis (S:)Sp.F (L) 
Hyalinaspis nigricamera? (I.) 
Hya/inaspis vitreipelta? (L) 
Genus B (,Alrs hat' lerp) (L) 

Glycaspis (S.) sp. G (L) 
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Table 7. (cont.) 

Host tree Taxonomic classification code Psyllid species ID 
of host tree(l) 

Eucalyptus pilularis MAlAA 
bJackbutt 

Eucalypeus dives . MA 1EP 
broadleaved peppermint 

Eucalyptus andrewsii MA THDA 
New England blac.kbutt 

Genus Eucalyptu.s 
Subgenus Symph,omyrtus 

BtlCalyptuS (/eanei ' 
tound-Ieaf gurri 

Eucalyptus saligna 
Sydney blue gwn 

:-Eucalyptus Tes!ni/era 
red mahPgany / 

Eucalypeus propinqua 
Eucalyptus punctata 
grey gum 

SECAA 

SECAC 

SECC 

SECEA 
SECED 

GlycQ.fpis (S.) sp.H (L) 
Cre;;s gp. B. (L) 
Hyalinaspis sp.l (L) 
Hyalinaspis semispherula (L) 
HyaliJlaspis vitreipeiJa? (L) 
SpondyUaspis mollis (1.) 

Glycaspis (S.) sp.I (L) 

Glycaspis. (S.) sp. J (L) 

Glycaspis (GlycaspisiSp. K (1..) 
Cardiaspina textrix( ) (L) 
Creiis l.itw-ata (L) 
Lasiopsylla rotundipeMis:{L) 

. Genus A('operabouse' Ierp) (L) 
Anoeconeossa sp. 1 (FL) 

Glycaspis (G) bailey; (L) 
Cardiaspina albitextura (L) 
Cardiaspinaftscella (L) 
Cardiaspina mani/ormis (L) 
Creiis liturata (L) 
Creiis viridis? (L) 
Lasiop,syUa pellucida (L) 
Spondy/iaspis plicatuloides (L) 
Anoeconeossa pectiJUlta(2) (FL). 
Alwecontossa /uscipennis (2) (FL 
Blastopsylla brunnea (2) (FL) 
Australopsy([a revp/uta (2) (Ft) 
Ctenarytainasp. (2) (FL) 

Glycaspis (G.) sp. L 
Glycaspis granuLata? (L) 
Creiis liturata (L) 

Glycaspis (G.) sp. M (L) 
Glycaspis sp. 2 (L) 
Cardiaspinafiscella (L) 
Cardiaspina pinnae/ormis (L) 
Cardiaspina squamJda (L) 
Cardiaspina textrix (L) 
Creiis liturata (1.) 
LasiopsyUa pellucida (2) (L) 
Spondyliaspis plicaluloides (2)(1..) 
Genus A ('opera house' lerp) (L) 
Anoeconeossa sp. 1 (FL) 
Blastopsylla sp. (FL) 
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Table 7. (cont.) 

HOst tree 
:: 

Eucalyptus Ier.eticornis 
forest red gum 

Eucalyptus quadrangulata 
,.bite·topped ooJ!. 

:&.c.aJyptus molufpana 
Sreybox . . .... 

Eucalyptus paniculata 
grey ironbark 

·Eucalyptus microcorys 
tallowwood 

Syncarpia glomulifera 
turpentine 

LopJw~temon:'confertus 
brusb boJ!. 

Taxonomic classification code 
of host tree(l) . 

SNEE 

SPlHA 

SUL:B 

SUV:D 

SWA:A 

(family Myrtaceae) 

(familyMyrtaceae ) 

PsYIUd species ID 

Glycaspis (G.) sp. N (L) 

Glycaspis (G.)sp.O (L) 
Creiis liturata (L) 
Lasiopsylla Totumiipennis (L) 
Arweconeossa sp. 2 (FL) 

Giycaspis(G.) sp.P (L) 

Glycaspis (G.) sp.Q (L) 
Cardiaspina spinosula (L) 
Creiis liturata (L) 
Creiisv;ridis (L) 
Lasiopsylla sp. A.(L) 
Lasiopsyllarotundipennis (L) 
Spondyliaspis nigra (L) 
SpotuiyUaspisplipatuloides(L) 
D4$Ypsylla sp~(L) 

GenosC (L) 
Anoeconeossa sp. 3 (FL) 

Nopsyllids found on sampled. 
foliage 

No psyUidsfound on sampled 
foliage 

(1) Letter coding for each taxon in the genus Eucalyptus developed by Pryor and Johnson (1971). 

(2) Psyllid species identified by Or Keith Taylor, Honorary Research Fellow, Division of Entomology, CSIRO, Canberra. 

(3) (L) = the psyllid nymphs produce a lerp. 

.: 

(FL) = the psyllid nymphs do not produce a lerp but are free-living, often producing a whi te thread-like material or feeding 
within the developing buds. Some species hide under deserted lerps of other species. 
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Table 8. Identification of psyllids sampled from foliage collected from bell miner/psyllid plot trees 
in each District. 

District Host tree ... PsyIlidID 

Morisset 

::: 

Common name 

Sydney blue gum 

round-leaf gum 

grey gum 

red mahogany 

grey ironbark 

tallow wood 

narrowleaved 
white mahogany 

STATE FORESTS OF NEW SOUTH WALES 
RESEARCH PAPER NO. 28 

Species name 

Eucalyptus saligfUl 

Eucalyptus deanei 

Eucalyptus propinqua 
Eucalyptus punctata 

Eucalyptus resin/era 

Eucalyptus paniculata 

Eucalyptus microcorys 

Eucalyptus ac~noides 

Glycaspis (G) baileyi 
Cardiaspina fiscella 
Cardiaspina mtJIIi[omUs 
CreUs· viridis? 
Lasiopsylla peUJ4Cida 
Spondyliaspis plicatuloides 
.AIwe!;oMOSSQ pectiMt(l.. 
Anoeconeossa Juscipennis 
Blastopsylla brunnea 
Clenarytaina sp. 
Auslraiopsylla revolwa 

Glycaspis (G) sp. 
Cardiaspi1lll textrix 
Creiis lituraJa 
Lasiopsy/la rotundipennis 
Genus A ('opet3:houseUerp) 
AnoecoileossQ'SP· 

Glycilspis (G) sp. 
Glycaspis sp. (ovallerp) 
Cardiaspi1lll textrix 
Cardiaspina fiscella 
CaTdiaspina pinnaejoriiiis 
Cre-iis peUucid4 
LasiopsyUapellucida 
SpoJ.'dy/jQspis plicatulOkks 
Anpeconeossa sp~ 

Glycaspis (G.) sp~ 
Glyciispis granidata? 
Creiis liturata 

Glycaspis (G.) sp. 
Creiisliturata 
Lasiopsy/la rotundipennis 
Lasiopsylla sp.A 
Spontiyliaspis'nigra 
DasypsyUa sp. 

Anoeconeossa sp. 

Glycaspis (S.) sp. 
Hyalinaspis vitreipeltd? 
Hyalinaspis pallidinota? 
Anoeconeossa pectinala 
CryptolJeossa vulgaris 
Ctenarytaina spp. 
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Table 8. (cont) 
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Host tree 
Common name 

blackbutt 

blue-leaf 
stringybark: 

spotted gwn 

Sydney blue gum 

grey gum 

Sydney blil~ gum 

Species name 

Eucalyptus piJularis 

Eucalyptus agglomerata 

Eucalyptus maculata 

Eucalyptus sa ligna 

Eucalyptus propinqua 
Eucalyptus punctata 

EucaZ.Yptussaligna 

Eucalyptuspropinqua 
Eucalyptus punctata 

Psyllid ID 

Glycaspis. (S.) sp. 
Creiissp. B 
Hyalinaspis semispheruJa 
Hyalinaspis vitreipelta 
Hyalinaspis sp. 1 
Spondy/iaspis mollis 

Glycaspis (S.) gp. 
Hyalinaspis vitTeipelta? 
Genus B (C Alfs hat' lerp) 

Eucalyptolyma maideni 

Glycaspis (0) baileyi 

Glycaspis (G.)sp. 

Glycaspis (G.}sp. 
Cardiaspina fiscella 
Cardiaspina maniformis 
Cardiaspina albitexlura 
Creiis viridis? 
Cieiis liturata .. 
Lasiopsylla sp; B. 
Spondy/iaspis sp:l 
Anoeconeossa sp. 

Glycaspis (G~).Sp; 
Cardiaspina-squamuJa 
Cardiaspina pinnae/ormis 
ereiis liturata 
Spondyliasp4$p~1 .. 
Genus A ('opaaliouse"lerp) . 
Anoeconeossa:gpl' 

Eucalyptus quadrangulata Glycaspis (G.)Sp 
Creii's liturata 

silvettop stringybark 

/'; , broad~leaved 

peppenninl 

Eucalyptus laevopina 

Eucalyptus dives 

SURVEY OF CROWN DIEBACK IN MOIST HARDWOOD FORESTS 
(PSYLUDIBEU.. MINER RESEARCH PROGRAMME) 

Lasiopsylla fOlumiipennis .. ;; 
Anoeconeossasp. 
Gall fonning sp.? 

Glycaspis (S) sp. 
Hyalinaspis semispheruJa 
Hya/inaspis pallidinota? 
Hyalinaspis vitreipelta? 
Hyalinaspis sp.l 

Glycaspis (S.) sp. 
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Table 8. (cont.) 

District Host tree 
Common name 

grey gum 

grey ironbark 

taIlowwood 

white stringybark 

pirik bloodwood 

Species name 

Eucaly'ptuspropinqua 
Eucalyptus punctata 

Eucalyptus paniculata 

Eucalyptus microcorys 

Eucalyptus globoidea 

Eucalyptus intermedia 

50 
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PsyllidID 

Glycaspis (G.) sp. 
Creiis pellucida 
Creiis liturata. 
AnoecoJieoss4:sp. 
Blastopsylla sPP. 

CardiaspinaspihOsula 
ereiis viridis? ... 
Lasiopsylla SI);A 
Lasiopsylla .roJundipe~is 

Anoeconeossa'sp. 
Blastopsylla sp. 

Glycaspis (G.)sp. 

Hya/inaspis sp. 1 
Euca/yprolyma sp. 
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~~ APPENDIX 9 
~;l 

~~ 
~ ~ UST OF BIRD SPECIES OBSERVED IN PSYWDIBEU MINER PLOTS 
z..., 

~~ 
~ 
~ 
~ 

~ 
< 
~ 
~ 

U 
tilSl 
mtll 
F=> 

~; 
~~ 
~;t: 
(')~ 
::c~ 

~§ 

U 
u. 

Recorded as 

Crested hawk 

Small hawk 

Wedge tailed eagle 
:.;:': 

Quail 

Brush turkey 

Wompoopigeon ::r .<: 
Wonga pigeon 

Brown pigeon 

(White) sulphur-crested 
cockatoO ... 

Yellow tailed black 
cockatoo 

Lowryparrot. 

Green mountain parrot 

Mountain lorikeet, lorikeet 

Rosellas 

Common species name Likely to Harass 
feed on bell 
psyllids miners 

Crested hawk ? (1) 

Goshawk sp? X (2) 

Wedge-tailed eagle ? 

Quail sp? 

Brush turkey 

Wompoo rruJt-dove 
:::;0: ::::, 

Wonga pigeon 

Brown pigeon 

SuIrur-crested cockatoo 

YeUow-tailed black cockatoo 

Crimson roseUa 

King parrot? 

Rain bow lorikeet 

Crimson roseUa 
:::: 

Harassed Comments State Forest 
by bell 
J'Qiners 

? Hunts large foliage insects Ourimbah 

? ProbabJy hunts bell miners Nulla Five Day, Mt Lindesay 

? Mainly larger mammals, bird Nowendoc, Toonumbar 
~nd reptile p~ey 
Ground Seeds and invertebrates Beaury 

Ground forage,{ Riamukka 

? Rl;linfox:est frui~ ) Yabra .. 

? Ground forager Ourimbah 

? Fruit and seed Toonumbar 

? Destructive feecters in the canopy Bulga, Yabra, Toonumbar 
and on .. the gi~)(in.d 

? May feed on wood boring insects, Chichester, Carrai 
eucalypt and Other fruit 

? Flower and seed forager Bulga, Nulla Five Day, 
Carrai, Yessabah 

? flower and seed forager Burga, Nulla Five Day, 
camu, Yessabah 

? Flower, fruit, seed and insect feeders Riamukka, Toonumbar 

1 Fruit and seed feeders Olney, Yessabab. 
Mt Lindesay, Toonumbar 



V\ 
IV 

I Recorded as Common species name Likely to Harass Harassed Comments State Forest 

~en 
feed on bell by bell 

en fa psyllids miners miners ts< 
~~ 
03 0 

King parrot King parrot ? Primarily seed forager Ourimbah, Olney, Wyong, trl'Tl 

!=Q Bulga, Enfield, Doyles River, 

~~ Mt Boss, Beaury, Toonumbar, 
Mt Lindsay, Koreelah, Unum agar 

~~ (pallid) cuckoo Pallid cuckoo X X Feeds on medium to large insects Ourimbah, Olney 
trl() 

~;.<: Swifts Spine-tailed swift or Take insects on the wing above Riamukka ()2 
fork tailed swift the canopy :I:~ 

"1:10 

8~ Kookaburra Laughing kookaburra X X Ground hunter Ourimbah, Mt Boss, Koreelah, 

~:I: MtLindsay 

~~ 
"',:': 

Sacred kingfisher Sacred kingfISher ? Generally terrestrial and Riamukka, Toonumbar 
trl~ aquatic food '-'8 

Cl Lyrebird Superb Iyrebird Groundstorey forager Ourimbah 
'T1 
0 Black-faced cuckoo-shrike Black-faced cuckoo-shrike ? Primarily larger insects and berries Beaury, Toonumbar ;:0 
trl 

~ Grey thrush Grey shrike-thrush X Ground/under/midstorey forager Ourimbah 

Rufous favtail Rufous fantail X Take insects on the wing, usually Ourimbah, Beaury, Unumagar, 
under the canopy Toonumbar 

en (Grey) fantail Grey fantail? X Take insects on the wing Ourimbah, Olney, Bulga, Carrai 
-l 
> Wagtail Willie wagtail X Take insects on the wing Riamukka, Chichester, Dingo ;l 
'T1 Whipbird Eastern wbipbird Understorey forager Ourimbah, Wyong, Bulga, Dingo, 0 
;:0 

e:l Enfield, Knorritt, Nowendoc. 

~~ Nulla Five Day, Carrai, Yessabah, 
trl'T1 Unumagar, Toonumbar, 

~~ Koreelah, Beaury 
:I: en Wren Superb fairy wren or other ? Understorey forager Olney, Bulga, Dingo, Brill Brill 
"1:10 

>~ fairy wren ;g 
;:o~ Variegated wren Variegated wren ? Understorey forager Ourimbah, Yabra, Toonumbar, 
z> 
9[;; MtLindesay 
~en 



Recorded as Common species mlme Lik~ly to Hat~· HaraSSed tOrilmeDt~ 
::.:.: State Forest 

~~ '::. 

feed on beil by b~ii tIl> 

~t;3 : 

g<:l 
:.; 

psyllids miners miners 
.,,~ 
~(;j 

White browed scrubwten Wbite-browed scrubwren tJnde~~torey forager Wyong ~o 
z'Yl 

Yellow-throated scrubwren Yellow-tbroated scrubwren Grouridstorey:invertebrates MtLindesay 9~ 
~~ Thombills Striated or brown thornbiIJ X X Small insects in the upper canopy Ourimbah, Wyong 

tIl 
0 

(White-throated) treecreeper (White-tbroated) treecreeper ? X Bark foragers Ourimbah,Olney c:: 
:i! 
~ (Noisy) friarbird Noisy friarbird X Feed on fruit, flowers arid Ourimbah, Unumgar 
> large inseCts 
~ 
tIl 

Red wattlebird Red wattJebird x: Feed 6; fniit,'nowers and OJney 
invertebrates 

Small honeyeater Small honeyeaters 
{{ :::;: 

X 
:.::.: 

? X Peed oh ~~~~ arid many sizes Ourimbah, Wyong 
tIl 

:;:', '.,: 

of invertebrates 
~ 

Lewin's honeyeater IhsecJ. fruit and nectar from the <: Lewin's honeyeater ? ? X Ourimbah.Olney m 
0< forest canopy 0 
'Yl 

~Q Yellow-faced honeyeater Yellow-faced boneyeater X ? X Feed on nectar and small Olney, Yabra. Unumagar 

~~ 
arthroPods. in the air and foliage 

Easte~ spinebill Eastern spinebill X Feeds within 1lJlderstorey Ourimbah. Wyong 
Ci3s:l 

Pardalote Spotted pard~ote X X Hunts sm3U invertebrates around Ourimbah mt:l:l 
f=f; leaves ~d outer branches 

I~ Redrumped fmch Red-browed nl.'etail ? Grain, fnJ.it iuld irisects Beaury 

~~ Olive backed oriole Olive-backed oriole ? Omnivore Ourimbah.Olney 

m::r: (Satin) (bower) birds Satin bowerbird ? bmni~ore Ourimbah. Olney. Bulga. Enfield, 

~~ Mt L.indesay. Beauryl Yabra. 
::r: o .. :.:.',;.: 

Toonumbar .,,~ 
~8 

Bower birds Satin or regellt bowerbird ? Omnivore Mt Boss. Carrai. Yessabah 80 

i~ Cat bird Green catbird ? X Omnivore Ourimbah, Bulga, Doyles River, 
Nu'Ua Five Day 

,,'.' 
....... tIl 

Raven Australian raven X x: Opportunistic omnivore Ourimbah 

VI 
\H 



~ 

~fIl 
fIl~ ts< 
§~ 
03 0 
trJ'Tl 

b~ 
~~ 
~~ 
~O' 
~~ 
gz 
"<:l3: 
;.cO 

8~ 
~::t: 

~~ 
~8 

o 
2l 

~ 

fIl 

;;! 
;l 

~ 
~~ 
trJ'Tl 

~~ 
::t:fIl 
"<:l0 
>c: 
~@ 
7Q~ 
Z> 
9f;; 
!;clfll 

Recorde<laS 

Crow 

(Pied) currawong 

Magpie 

Butcherbird 

Common specieS na~e 

Torresian crow 

Pied currawong 

Australian magpie 

Butcherbird sp? 

(1) ? = possibly. requires confirmation; 

(2) X = known activity 

Biker to 
.. , ·fi"'\:::\d':"'Y.",,\:,· 

eeon 
psyilids 

H~taSs~H~r~d,.,. C6ttHnents 
~~i1 ~*~~if ... ... ........... ..... . .. 

mmers mmers 

x 
X 

X 

X 

~~ 

x 
X 

X 

X 

opportunistiC omnivore 

Omnivore 

Ground forager 

Carnivore 

State Forest 

Toonumbar 

Ourimbah, Olney, Chichester, 
BUlga, Doyles River, Knorritt, 
Riamukka, Unum agar, 
Toonumbar, Mt Lindsay 

Bulga 

Unumagar 
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