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Abstract. Climate change will have profound deleterious effects on many trees in urban environments; however, as in any biological system
undergoing change, there will be benefits. On 7 February 2009, the Australian city of Melbourne experienced its hottest day on record (46.4 °C
[115.5 °F]) after a heat wave. In the days that followed, the foliage of native Australian mistletoes, Amyema miquelii and A. pendula, growing
on Eucalyptus camaldulensis were observed to lose their green color and turn gray. In large numbers, the mistletoes can cause significant stress,
leading to tree death. In the aftermath of the record hot day, large numbers of mistletoes died, and 5 years later the level of mistletoe infestation
remained low. On the afternoon of 7 February 2009, tens of thousands of elm leaf beetles, which heavily graze the mature elms of Melbourne
(Ulmus procera and U. x hollandica), were found dead under the canopies of street trees, and numbers remained low for at least 5 years there-
after. Similarly, psyllids, Mycopsylla fici, and infestations of Ficus macrophylla, which can seriously defoliate trees, fell from high to undetect-
able levels in the month following the heat wave. The effects of heat waves and very high temperature days have significant implications for
those managing pests in urban forests. Pest control programs were unnecessary in the immediate aftermath of the heat wave and hot days and
for up to 5 subsequent years. This has positive implications for tight tree management budgets, but could also lead to a discontinuation of pest
monitoring and control programs. Such an approach could see a return to high levels of infestation.

Keywords. Amyema miquelii; Elm Leaf Beetle; Eucalyptus camaldulensis; Ficus macrophylla; High Temperatures; Mistletoe; Mycopsylla
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INTRODUCTION
There is a paucity of information on the effect of
extreme weather events, such as heat waves and very
hot days, on urban tree populations (Jentsch et al.
2007). Burrows defined a “hot wave” as a spell of
three or more days on each of which the maximum
shade temperature reached or exceeded 90 °F
(32.2 °C)(Glickman 2000), but the Australian Bureau
of Meteorology defines a heat wave as three or more
days of unusually high maximum and minimum tem-
peratures in any area (Bureau of Meteorology 2016).
Under climate change, the frequency and magnitude
of heat waves and hot days is predicted to rise in Mel-
bourne, with the number of hot days (> 35 °C) and
very hot days (> 40 °C) predicted to double by 2050
and almost triple by 2070 (Commissioner for Envi-
ronmental Sustainability 2012). Tree managers will

have to plan for a warmer, drier climate and consider
the impact of extreme weather events on tree health
and pest and disease management.

The urban heat island (UHI) effect causes higher
temperatures in large cities than in the surrounding
countryside, and could favor the development of
ectotherms such as insects (Meineke et al. 2013).
However, pest insect abundance varies with the
patchiness of the UHIs, which adds greater uncer-
tainty for urban tree managers already dealing with
climatic uncertainty (Bennett and Gratton 2012;
Meineke et al. 2013). Climate change will affect urban
forests and street trees and while there will be adverse
effects, there will also be benefits (Grace et al. 2002;
Salzer et al. 2009; Yang 2009; Nathan et al. 2011; Ken-
dal and McDonnell 2014; Kendal et al. 2014; Brandt
et al. 2016; Pretzsch et al. 2017). The challenge for
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those managing urban forests is to reduce the nega-
tive impacts of uncertainty on effective management
(Kendal et al. 2014; McPherson et al. 2018).

There are 91 Australian hemi-parasitic mistletoes
(mostly Loranthaceae). Many have evolved host mim-
icry (crypsis) where their foliage resembles the host’s
(Watson 2011), so they often go unnoticed by those
managing trees. They are water and nutrient parasites
(Calder and Bernhardt 1983; Davidson et al. 1989;
Watson 2011), and in large numbers can compromise
the host tree’s vigor when branches beyond the point
of mistletoe attachment die back, particularly on older
trees and in drier seasons (Knutson 1983). When there
are greater than 20 mistletoes per tree, both the growth
rate and flowering of the host are reduced (Watson
2011). Eucalyptus camaldulensis Dehnh. (river red
gum) is a single-trunked eucalypt between 12 and 40 m
tall and is widely distributed across Australia (Boland
etal. 1984; Nicolle 2006). The period 1999 to 2010 was
a period of below average rainfall for southeastern
Australia (Bureau of Meteorology 2011) and many
remnant river red gums heavily infested with native
mistletoes (40 to 50 parasites) died. The mistletoes
(Amyema miquelii Lehm. ex Miq. Tiegh. and 4. pen-
dula Sieber ex Spreng. Tiegh.) are native species
important in the ecology of plant communities and to
native bird and insect species (Calder and Bernhardt
1983; Watson 2011; Moore 2018).

Large English (Ulmus. procera Salisb.) and Dutch
(U. x hollandica Mill) elms make a significant contri-
bution to the landscapes of Melbourne, where the
avenues are among the finest in the world, as Australia
is Dutch Elm Disease free (Moore 1990; Dunn 2000).
U. procera and U % hollandica are heavily grazed by
the elm leaf beetle (ELB), Xanthogaleruca (=Pyrrh-
alta) luteola (Muller)(Kwong and Lefoe 1998; Miller
2000; Lefoe et al. 2014). There is usually one life
cycle of ELB per season in Melbourne, but there may
be two. Infestations are sublethal, but trees suffer
major foliage damage by the end of summer, which
impacts on their appearance. The life cycle of the
ELB is influenced by temperature and grazing occurs
earlier and to a higher level under warmer conditions.
Peak egg laying occurs at 289 degree-days (DD),
peak first instar at 400 DD, and third instar larvae at
551 DD (Dreistadt et al. 1991; Dahlsten et al. 1993;
Lawson and Dahlsten 2003; Lefoe et al. 2014). The
late instar larvae begin their trunk assent at 500 DD.
In Melbourne, egg laying occurs in mid-November,
first instar peaks in very late November/early December,
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and the third instar larvae peak from mid-December
to Christmas day (Lefoe et al. 2014). When the value
of accumulated DD exceeded 380, effective chemical
control with imidacloprid (0.125 g/L) was under-
taken (Kwong and Lefoe 1998).

The City of Melbourne manages 568 Moreton Bay
fig trees, Ficus macrophylla Desf. ex Pers. A native in
the states of New South Wales and Queensland up to
50 m tall, with a large flanged and buttressed trunk, it
is widely planted in other Australian states and has been
planted in Hawaii and New Zealand (Boland et al.
1984). The figs are threatened by the psyllid, Myco-
psyllafici (Tryon 1895), which defoliates trees, impact-
ing on their health and amenity value by depleting
nutrients, potentially vectoring pathogens, and causing
early leaf fall. The psyllids form a protective shell-like
structure from crystallized honeydew called a lerp.
Some trees suffer complete defoliation but damage to
that extent is rare in Melbourne (Fromont et al. 2015).
Higher temperatures are drivers of higher psyllid num-
bers (Hall et al. 2015). The pattern of fig psyllid infes-
tation in Melbourne sees a rapid rise in adult numbers
from less than 10 to 50 to 90 per leaf in one or two
weeks with a peak in late-December or January. Infes-
tation levels on Melbourne’s Moreton Bay figs have
been determined by randomly sampling a proportion
of trees within sites since 2004, and control with imi-
dacloprid (0.125 g/L) effectively targeted sites with
unacceptable damage (Honan and McArthur 1998).

The occurrence of heat waves and record daily
high temperature days in Melbourne, Australia, in
January and early February 2009 afforded an oppor-
tunity to investigate their impact on urban trees and
pests in Melbourne. During this period, a heat wave
culminating on 7 February with a record temperature
0f46.4 °C (115.5 °F) in Melbourne (Figure 1) resulted
in the infamous Black Saturday bushfires that killed
173 people and in another 374 heat wave-related
deaths. The impact of these heat waves and very high
temperature days on the infestations of native mistle-
toes on a eucalypt species, the grazing of elm leaf
beetle (ELB) on elms, and psyllid infestations of
Moreton Bay figs have significance for the manage-
ment of the urban forest in Melbourne. An article in
Arborist News reported on some aspects of these
impacts using smaller and different data sets (Moore
2018), but this paper reports greater detail of these
impacts that were detected through observation by
arborists and by structured sampling, which detected
changes in pest populations that had not been
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Figure 1. Maximum daily temperatures in Melbourne, Australia, during the heat waves of 2009 that culminated in the
hottest day on record (Bureau of Meteorology 2016).

anticipated prior to the extreme weather. There were
significant financial consequences of these events for
urban tree managers, which may be long-lasting.

MATERIALS AND METHODS

Mistletoe and River Red Gums
In 2008, it had been noticed that mistletoe numbers
on some of the older Fucalyptus camaldulensis trees
were increasing as the long dry period that had com-
menced in 1999 continued. Forty-six specimens
growing along the Maribyrnong River, Brimbank
Park, west of the City of Melbourne in Victoria, Aus-
tralia, chosen at random from three age classes were
surveyed in what was intended to be a long-term
study of mistletoe numbers. Mature, older trees were
defined as large trees > 20 m height with a diameter at
breast height (dbh) > 40 cm, semi-mature trees were
defined as those < 15 m height and with 20 cm < dbh
<40 cm, and young trees were defined as trees < 10 m
in height and with dbh <20 cm. Twenty-five young
trees, ten semi-mature trees, and eleven mature spec-
imens were surveyed in the spring (October) of 2008.
All mistletoe counts were taken from ground level.
In the week following the very hot day, 7 February
2009, it was observed that the color of the foliage of
many mistletoes had changed as the leaves dried and
started to die. Consequently, the same 46 trees were

surveyed for living and dead mistletoes on 9 March
2009. Given the significant number of dead mistle-
toes that were recorded, another survey was under-
taken on 9 September 2011 and a final survey was
undertaken on 12 February 2014, five years after the
record hot day and heat wave.

As data from these surveys were collected, it
became clear that the extreme weather had affected
mistletoe numbers and so a further survey was under-
taken in other parts of Melbourne and of other host
species. Some 300 trees from 6 different locations
and 20 species were surveyed in the spring (Septem-
ber) of 2011, but only six species had mistletoes pres-
ent. The 129 trees that possessed mistletoes belonged
to both native and exotic species. A number still had
dead mistletoes present in their canopies, which were
consistent with a killing date in 2009. Again, counts
were taken from ground level, and given the growth
rate and the size of mistletoes, it could be determined
that any living mistletoes had been in the canopy on 7
February 20009.

Elms and ELB

Agriculture Victoria Services Pty. Ltd had been col-
lecting field data relating to ELB grazing of elms
since 1999-2000. These data showed that ELB graz-
ing normally continued until defoliation of the elms
began in mid-autumn (early April). When thousands
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of dead ELBs were discovered below the canopies of
street tree elms after 4 pm on 7 February, data were
sought on the levels of ELB damage to leaves, which
are indicative of ELB numbers, recorded in surveys
before and after the heat event and on the subsequent
level of ELB control measures undertaken in the years
after the heat wave and record hot day. Data were
available from the Department of Environment and
Primary Industry (DEPI) and the Urban Forest Group
of the Melbourne City Council for ten targeted loca-
tions: Epsom and Flemington Roads, Powlett, George
and Clowes Streets, Fitzroy and Carlton Gardens,
Alexandra Avenue, Royal Parade, and Fawkner Park.

At each location, ELB damage was determined
using a point rating scale of the percentage of leaf
damage where damage up to 10% of the leaf area
removed was rated as 1, up to 20% as 2, up to 30% as
3, up to 100%, which was scored as 10. The sites
were surveyed fortnightly in December 2008, and
then from January until March 2009, and again from
November to March in 2009/2010, 2010/2011,
2012/2013, and 2013/2014. The best estimate of the
full extent of ELB grazing on tree species is made
when the leaves of trees are assessed for damage after
the ELBs have completed their grazing late in the
growing season. For this reason, only data for
late-season grazing levels are presented in this paper,
as these best represent seasonal damage to trees and
reflect beetle numbers that allow annual comparisons
to be made. Control measures for ELBs were under-
taken when a rating of 1 or more was recorded for
high-profile sites and when scores exceeded 2 for less
prominent sites.

Figs and Psyllids

Psyllid egg-laying in Melbourne usually occurs from
late-October to early-February, with adult emergence
ceasing in mid-autumn (early April)(Honan and
McArthur 1998). The City of Melbourne with Agri-
culture Victoria Services Pty. Ltd had monitored fig
psyllid infestation using protocols and sample sizes
recommended by Honan and McArthur (1998). Leaf
samples were examined from figs growing at 12 sites
across Melbourne from 19 November 2008 through 6
March 2009. Trees within each site were selected ran-
domly and, for each sample, branch terminals
(approximately 40 cm long) were examined from the
ground or by cutting with pole pruners. They were
examined from varying heights (to 4 m) and distances
from the trunk, and from each direction (north, south,
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east, and west) around the tree until 50 leaves were
available for examination. The number of lerps with
living nymphs beneath them on each leaf was
recorded and then doubled to obtain an average num-
ber of living psyllids per 100 leaves (Honan and
McArthur 1998). Control measures were recom-
mended when an infestation level above 25 psyl-
lids/100 leaves was recorded. Similar sampling was
done in 2005 and data are presented for comparison
with 2008 and 2009. Yellow sticky traps were placed
in trees in Princes and Fawkner Parks to trap flying
adult psyllids. Traps were checked and replaced
weekly from 19 November 2008 through 6 March
2009, when they were discontinued, as no living psyl-
lids were recorded for three successive sampling peri-
ods. The psyllid monitoring was funded to inform the
Melbourne City Council’s pest management pro-
gram, but there was so little psyllid activity that sur-
veys were not funded from 2010 through 2013.

The data comparing mistletoe, ELB, and psyllid
infestation levels before and after 7 February 2009
did not conform to the assumption of a normal distri-
bution and so the Mann-Whitney test was applied
(White and White 1996).

RESULTS

River Red Gum and Mistletoes

The survey data on mistletoe occurrence on river red
gum, E. camaldulensis, show that mistletoe numbers
were significantly reduced after the extreme weather
and subsequent occurrence rates have remained low
(Table 1). Living mistletoe numbers were signifi-
cantly lower 1 month and 30 months after the hot day
when compared to the numbers prior to 7 February (P
< 0.01 for both comparisons). None of the 46 sur-
veyed eucalypts died during or after the hot day, and
in the two years that followed, above average rainfall
resulted in the trees refoliating and having higher
density canopies. Of the 237 mistletoes present on the
E. camaldulensis before 7 February 2009, 210
(88.6%) were killed.

The data also reveal that mistletoe numbers have
continued to remain low for a period of five years (P
< 0.01) after 7 February (Table 1) and that there was
a low incidence of new mistletoe establishment, with
only nine new mistletoes establishing on the trees
over that period. No new mistletoes established on
the young or semi-mature trees surveyed, but mature
trees were susceptible to infestation (Figure 2).
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Table 1. Number of mistletoes (Amyema miquelii and A. pendula) growing on Eucalyptus camaldulensis trees prior to, one
month, 30 months, and 5 years after the heat wave and the 46.4 °C day of 7 February 2009.

Tree type Number Number of Number of Number of Number of Number of
of trees  living mistletoes  living mistletoes new mistletoes living mistletoes living mistletoes
prior to 1 month after established after 30 months after 5 years after
7 Feb 2009 7 Feb 2009 7 Feb 2009 7 Feb 2009 7 Feb 2009
Young trees 25 45 0 0 0 0
(<10 m height
with dbh <20 cm)
Semi-mature trees 10 54 0 5 5 6
(< 15 m height with
20 < dbh <40 cm)
Mature trees 11 138 27 4 26 26
(> 20 m height with
dbh > 40 cm)
Total 46 237 27 9 31 32
Mann-Whitney test results U-value P-value
Comparing mistletoe numbers before and one month after 7 February 2009 7.5 <0.01
Comparing mistletoe numbers before and 30 months after 7 February 2009 6.5 <0.01
Comparing mistletoe numbers before and 60 months after 7 February 2009 7.0 <0.01
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Figure 2. Living mistletoes on young, semi-mature, and mature E. camaldulensis trees after 7 February 2009.
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For one mature E. camaldulensis specimen, 50 of
the 60 mistletoes growing on it before 7 February
were dead one month later. Fifty mistletoes had died
after two years, fifty-five after thirty months, and after
five years, the tree hosted only five mistletoes. For
young specimens of E. camaldulensis, all mistletoes
present before 7 February were killed and five years
after the event, all trees remained mistletoe free. Mis-
tletoe numbers on both native and exotic species were
reduced significantly (Table 2) with 88 of 130 mistle-
toes (67.7%) killed (P < 0.01). Many specimens that
had previously hosted mistletoes had lower rates of
infestation or remained mistletoe free after 30 months.
Only two new mistletoe plants were evident.

Elms and ELB

While the data for damage done to trees for Decem-
ber 2008 and January, February, and March 2009
suggest that there was some decline in leaf damage
after 7 February 2009, most trees had already been
grazed and suffered leaf damage and so ratings were
not expected to change (Figure 3). A better compari-
son is to compare data from late-season damage in
2008/2009 with late-season damage in the following
years. The surveys of the damage done to trees at ten
different locations across Melbourne for 2008/2009,
2009/2010, 2011/2012, 2012/2013, and 2013/2014

(Figure 4) showed that ELB damage in 2009 before 7
February was significantly greater (P < 0.01) than at
the same time of year in 2009/2010, 2010/2011, and
2012/2013. ELB damage remained so low for these
three survey seasons that control measures were con-
sidered to be unnecessary, as damage ratings did not
exceed 1. There was a significant rise in ELB grazing
in 2013/2014 when compared with 2012/2013 (P <
0.01), and that grazing with this rise in 2013/2014
was not significantly different from grazing recorded
in 2008/2009 (P > 0.05)(Figure 4).

Figs and Psyllids

The program of monitoring fig psyllids undertaken
between November 2008 and March 2009 identified
only two sites with high living psyllid infestation lev-
els above 20 lerps/100 leaves and nine sites with psyl-
lid infestation levels above 10 psyllids/100 leaves.
Data for the Princes and Fawkner Park sites (Figure
5) showed that psyllid numbers fluctuated over the
summer, peaking in late December and early January
as expected for Melbourne but then unexpectedly
plummeted to 0 after 7 February 2009. There were no
living adult psyllids for either park after February
2009, which was significantly lower than numbers
prior to that day (P < 0.05 for each park).

Table 2. Dead and living mistletoes (Amyema miquelii and A. pendula) on different hosts from four different Melbourne

locations (67.7% of mistletoes were killed).

Species Number of trees Number of living Number of new Number of living
of each species mistletoes prior mistletoe plants mistletoes 30 months
to 7 Feb 2009 established after after 7 Feb 2009
7 Feb 2009

Ulmus procera 65 49 1 19

Platanus x acerifolia 45 42 1 13

Pyrus calleryana 2 3 0 0

Allocasuarina littoralis 10 8 0 4

Quercus palustris 2 16 0 4

Eucalyptus melliodora 3 4 0 1

Eucalyptus camaldulensis 2 18 0 3

Total 129 130 2 44

Mann-Whitney test results U-value P-value

Comparing mistletoe numbers before and 30 months after 7 Feb 2009 22.5 <0.01
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Figure 5. Comparison of adult psyllid numbers trapped on sticky traps for the period November 2008 to March 2009.
A Mann-Whitney test of the number of psyllids trapped before and after 11/12 February 2009 showed a significant decrease
with a U-value of 6.0 and P < 0.01. The bars on the average line show SE.

In previous seasons, such as 2004/2005, when
trapping was undertaken, the number of adults
recorded per trap rose quickly within 7 to 14 days,
from less than 10 to a peak in late December or Janu-
ary of between 50 and 90 (Honan and McArthur
1998). The average number of living adult psyllids
for 12 sites across Melbourne in 2008-2009 was
11.18 (SE = 1.53), compared to the 2004—2005 aver-
age of 20.90 (SE = 2.17) for the same sites. Further-
more, in contrast to earlier psyllid surveys such as in
1996/1997, 1997/1998, and 2004/2005 when adult
emergence continued until surveying ceased at the
end of March, during the 2008/2009 season, no large
peak in adult emergence occurred. By the middle of
February 2009, the absence of psyllids meant that no
control measures were necessary in that year or in
subsequent years to 2015 (Figure 5).

DISCUSSION
The impacts of pest species on urban trees during cli-
mate change will depend on the pest organism and
may vary spatially and temporally, with some species
disadvantaged while others thrive (Broadmeadow et
al. 2005; Rouault et al. 2006; Danby and Hick 2007;
Deutsch et al. 2008; Harsch et al. 2009; Clark et al.
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2011; Kendal et al. 2012; McPherson et al. 2018).
The impacts of warming on insect pest species are
largely influenced by the timing of vulnerable insect
life stages (Nathan et al. 2011), while in eucalypt
woodlands the extent of insect herbivory depends on
leaf phenology and rainfall-induced production of
young leaves, which insects preferentially graze
(Gherlenda et al. 2016). This paper reveals some of
the impacts of heat waves and very high temperatures
on pest species of urban forest tree species.

Mistletoe and River Red Gums

There is a direct xylem to xylem contact between
mistletoes and their hosts that forms a continuous
apoplastic connection. The parasite’s transpiration
rate is usually higher than the host’s, but varies less
with soil moisture and is primarily influenced by
evaporative demand and parasite host vascular con-
nection (Davidson et al. 1989). During periods of
water stress, mistletoes show no reduction in water
use and their stomatal response to water deficits is
slower than that of the host (Fisher 1983). During the
heat waves and the day of record high temperature,
the evaporative demand would have been very high
and it seemed that the mistletoe plants reached
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permanent wilting before host trees, which resulted in
their deaths, while none of the host trees died.

There is a hormonal involvement in the response
of Amyema miquelii and A. pendula and hosts, such
as E. camaldulensis, to hot dry conditions. The host
trees produce abscisic acid (ABA) in response to low-
ered soil moisture levels, which induces stomatal clo-
sure. It is part of a more general involvement of ABA
in stress responses (Moore 1998). Mistletoes lack
ABA and so their stomata remain open, which leads
to wilting (Fisher 1983). The main damage caused by
mistletoes to mature host trees is through their exces-
sive transpirational water loss. The hypothesis that
mistletoes wilted before their hosts is supported by
the observation that nearly all of the mistletoe on the
extremities of the canopy died while those that sur-
vived seemed to be on older, larger branches within
the canopy, closer to the trunk.

Changes to fire regimes and the clearing of native
vegetation are considered causes of increased mistle-
toe infestation (Liddy 1983; Jurskis et al. 2005;
Bowen et al. 2009; Start 2011; Watson 2011). Heat
waves and very hot days may play a role similar to
fire in limiting mistletoe numbers, which could prove
useful especially in urban and peri-urban areas where
the occurrence of fire is rare or the risks of fire are too
great to allow naturally occurring fires to burn. The
surveys undertaken after Saturday, 7 February 2009
indicated that the mistletoe numbers remained low
for a period of 5 years after the heat events and that
establishment of new mistletoes was very low.

Elms and ELB

Warm weather, as experienced in November 2009,
usually favors the growth and development of ELB
larvae, increasing the potential for significant elm leaf
beetle damage (Clair 1986). However, average elm
leaf beetle damage remained low throughout the
2009/2010 season, despite the potential for increased
damage. The large number of ELBs killed by the high
temperatures on the hottest day on record in the pre-
vious summer appeared to significantly affect ELB
numbers and grazing in the following year. The tem-
perature of 46.4 °C is consistent with the general
range of lethal temperatures for insects, where tem-
peratures of 44 to 47 °C for durations ranging from a
few minutes to several hours killed insects in hot air
(Richcigl and Richcigl 2000). The duration over
which the heat is experienced is critical to the effect

that high temperatures have on insects. Insect death
occurs in minutes at temperatures of 55 °C, but can
take hours at temperatures of about 45 °C (Mech et al.
2018).

Grazing of elms was observed to be lower for five
years following 7 February 2009. It is difficult to
establish a causal relationship between the killing of
ELBs and the heat waves and high temperature, as
there may have been confounding effects. However,
there is little doubt that the large number of ELBs
killed during the heat wave and on the record hot day
contributed to reduced grazing in the following spring
and summer and so eliminated the need for ELB con-
trol measures for a period of about five years.

Figs and Psyllids

Given that adult psyllid emergence usually ceases in
early autumn (April)(Honan and McArthur 1998), there
are three likely explanations for the absence of psyl-
lids in surveys across Melbourne after mid-February
2009: host plant condition, parasitoid survival, and
high temperature. Host plant condition involves
drought stress favoring psyllid outbreaks (White
1969; Morgan 1984), but more recent work con-
cluded that sap feeders exhibited enhanced perfor-
mance when plants were intermittently but not
continuously water stressed (Huberty and Denno
2004), which is supported by data showing reduced
herbivory if drought curtailed new leaf production in
eucalypts (Gherlenda et al. 2016). Under the weather
conditions experienced in Melbourne during 2008
and 2009, this would suggest that a rise in psyllid
number might have been expected. Parasitoid sur-
vival depended on accurate targeting of sprays against
psyllids favoring parasitoid build-up (Honan and
McArthur 1998). However, Victoria had been sub-
jected to prolonged drought for ten years prior to
2008 and 2009, when psyllid numbers remained high
and improved spraying had been in place for over a
decade with no evidence of impact. Furthermore,
Meineke et al. (2013) found that temperature did not
differentially affect parasitoids, which is supported
by the finding that parasitoids had little impact on
psyllid outbreaks in a eucalypt woodland (Hall et al.
2015).

High temperature remains the most likely cause of
psyllid decline, as adult longevity can be reduced by
high temperatures; from 8 days at 30 °C, to 2 or 3
days at 35 °C. Moreton Bay fig psyllid emergence
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usually peaks in December or January in Melbourne,
which coincided with Victoria’s periods of extreme
heat in 2009. There were four days in January on
which temperatures exceeded 40 °C and another
eight days over 35 °C before the heat wave in Febru-
ary culminating on the 7 February (Figure 1). Lon-
gevity of psyllids emerging in Melbourne during this
period appears to have been greatly reduced.

The optimal time for psyllid control by foliar treat-
ment is during the peak adult emergence period,
when emerged adult psyllids are vulnerable to contact
insecticides. Based on the low number of adults
counted on traps, it was considered unnecessary and
an unjustifiable expense to implement planned spray-
ing during 2008/2009 because without a clearly
defined peak, it was not possible to identify the opti-
mal timing of treatment, and low adult numbers indi-
cated that treatment was unnecessary.

CONCLUSION

In Victoria, in February 2009 when temperatures rose
to 46.4 °C following a heat wave, an unexpected con-
sequence of the high temperatures was the killing of
many of the mistletoes affecting older eucalypts. Mis-
tletoe deaths were also observed in non-eucalypt spe-
cies, including Platanus * acerifolia, U. procera, and
Pyrus calleryana. The effect of high temperatures,
compounded by high winds driving excess water use,
in killing mistletoes may have a broader impact on
the health and management of urban tree species.
Similarly, the reductions in ELB and psyllid infesta-
tions of elms and Moreton Bay fig trees after the heat
wave and record high temperature day were so great
that control measures were not required for several
subsequent years. Ongoing monitoring, however,
alerted urban tree managers to the rise in ELB num-
bers in the summer of 2014 and control measures
were implemented in the summer of 2015/2016.
Monitoring identifies pest infestation hot spots and
allows the appropriate allocation of limited resources.

In the areas surveyed, there was no need to under-
take mistletoe, psyllid, or ELB control measures for
at least five years after the heat wave and high tem-
perature day, which impacted upon the work schedules
of municipal arborists and tree-related expenditures.
There is a strategic opportunity for urban tree managers
to integrate climatic events with urban pest control
measures. Routine and costly pest control programs
could be deferred until surveys indicate that they are
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needed. While there is a danger that this could lead to
complacency where surveys are abandoned, in situa-
tions where arboricultural budgets are tight, funds
freed from pest control could be allocated to other
important arboricultural priorities.

Climate change will have a diverse range of effects
on the urban forest, making decisions related to plan-
ning and management more complex. However, by
better understanding tree and pest biology, those
responsible for urban forests may be able to use some
of the influences wrought by climate change to man-
age urban trees and forests more efficiently and
proactively.
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Résumé. Les changements climatiques auront des conséquences
profondes et nuisibles pour de nombreux arbres en milieux
urbains; cependant, comme dans toute transition d’un systéme
biologique en cours, il y aura des bénéfices. Le 7 février 2009, la
ville australienne de Melbourne a vécu sa plus chaude journée
selon les annales, soit 46.4 °C (115.5 °F) suite a une vague de
chaleur. Dans les jours qui suivirent, il fut observé que le feuillage
de guis indigenes australiens, Amyema miquelii et A. pendula,
croissant sur Eucalyptus camaldulensis perdirent leur couleur verte
et devinrent gris. Lorsque présents en quantité, les guis peuvent
générer du stress significatif pouvant mener a la mort de I’arbre
qu’elles colonisent. A la suite de cette température record, de
grandes quantités de guis moururent et cinq ans plus tard, le
niveau d’infestation du gui est demeuré bas. Dans 1’aprés-midi
du 7 février 2009, des dizaines de milliers de galéruques de 1’orme,
qui se nourrissaient sur les ormes matures de Melbourne (Ulmus
procera et U. x hollandica), furent découvertes mortes sous la
canopée de ces arbres d’alignement et les populations de ces
insectes demeurerent basses durant au moins les cinq années
suivantes. De maniére similaire, les populations de psylles,
Mycopsylla fici, et leurs infestations de Ficus macrophylla,
lesquelles peuvent séverement défolier les arbres, chutérent d’un
niveau ¢élevé a un niveau non détectable dans le mois suivant la
vague de chaleur. L’impact des vagues de chaleur et des journées
accablantes eurent des implications significatives pour les ges-
tionnaires de ravageurs dans les foréts urbaines. Certains pro-
grammes de controle de ravageurs se révélérent inutiles suite aux
vagues de chaleur et aux journées accablantes et ce, pour
jusqu’aux cinq années suivantes. Il en résulta des implications
positives pour la gestion rigoureuse des budgets destinés aux
arbres mais cela pouvait également mener a I’interruption de pro-
grammes de dépistage et de controle de ravageurs. Une telle
approche est susceptible de générer le retour de taux élevés
d’infestation.

Zusammenfassung. Der Klimawechsel wird profunde und
schidliche Auswirkungen auf viele Bdume in urbanen Bereichen
haben; dennoch, so wie in vielen biologischen Systemen, die
einen Wechsel erleben, werden auch hier Vorteile liegen. Am 9.
Februar 2009 erlebte die australische Stadt Melbourne nach einer
Hitzewelle den heilesten Tag seit der Aufzeichnung (46.4
°C[115.5 °F]). An den folgenden Tagen wurde beobachtet, daf3
das Laub von australischen Misteln, Amyema miquelii und A.
pendula, die auf Eucalyptus camaldulensis wachsen, seine griine
Farbe verlor und grau wurde. In grofer Anzahl konnen die
Misteln signifikanten Stress verursachen, und zum Absterben von
Badumen fiihren. Als Nachwirkungen dieses Hitzerekordtages
starben grofle Anzahlen von Misteln und auch fiinf Jahre spéter
blieb die Mistelinfektionsrate niedrig. Am Nachmittag des 7.
Februar 2009 fand man Zehntausende von Ulmenblattkifern,
welche sich von den ausgewachsenen Ulmen (Ulmus procera
und U. x hollandica) von Melbourne erndhren, tot unter den Kro-
nen der Straenbdume liegen und die Anzahl blieb fiir die néch-
sten finf Jahre weiterhin gering. Gleichzeitig fielen die
Populationen von Blattldusen, Mycopsylla fici, und der Befall
von Ficus macrophylla, welche die Baume ernsthaft entlauben
konnen, in dem Monat nach der Hitzewelle von einem hohen auf
einen nicht nachweisbaren Grad herunter. Die Effekte der Hitze-
wellen und des Tages mit den extrem hohen Temperaturen haben
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signifikante Auswirkungen auf jene, die den Schédlingsbefall in
urbanen Griinflichen verwalten. Schadlingbekdmfungsprogramme
waren in der unmittelbaren Folgezeit nach der Hitzewelle und
dem heiflen Tag und bis zu fiinf Jahren danach unnétig. Das hatte
positive Auswirkungen auf die engen Baumpflegebudgets, aber
es konnte auch zu einer Unterbrechung der Uberwachung von
Schddlingen und Bekdmpfungsprogrammen fithren. So ein
Ansatz kénnte zu einer Riickkehr von hohem Infektionsdruck
fithren.

Resumen. El cambio climatico tendra efectos profundos y
perjudiciales en muchos arboles en entornos urbanos; sin embargo,
como en cualquier sistema bioldgico que experimente cambios,
habra beneficios. El 7 de febrero de 2009, la ciudad australiana de
Melbourne experimento su dia mas caluroso registrado (46.4 °C
[115.5 °F]) después de una ola de calor. En los dias que siguieron,
se observo que el follaje de los muérdagos australianos nativos,
Amyema miquelii y A. pendula, que crecian en Eucalyptus camal-
dulensis, perdia su color verde y se volvia gris. En grandes canti-
dades, los muérdagos pueden causar un estrés significativo, lo
que lleva a la muerte del arbol. Después del dia caluroso récord,
grandes cantidades de muérdagos murieron y por 5 afios el nivel
de infestacion de muérdago se mantuvo bajo. En la tarde del 7 de
febrero de 2009, decenas de miles de escarabajos de hojas de
olmo, que infestan fuertemente los olmos maduros de Melbourne
(Ulmus procera y U. x hollandica), fueron encontrados muertos
bajo las copas de los arboles de la calle y esa cantidad permane-
ci6 baja durante al menos 5 afos. Del mismo modo, las pobla-
ciones de psilidos, Mycopsylla fici ¢ infestaciones de Ficus
macrophylla, que pueden defoliar gravemente los arboles, cay-
eron de niveles altos a indetectables en el mes siguiente a la ola de
calor. Los efectos de las olas de calor y los dias de temperaturas
muy altas tienen implicaciones significativas para quienes mane-
jan las plagas en los bosques urbanos. Los programas de control
de plagas fueron innecesarios inmediatamente después de la ola
de calory el dia caluroso y hasta por 5 afios posteriores. Esto tiene
implicaciones positivas para los presupuestos ajustados de
manejo de arboles, pero también podria llevar a la interrupcion de
los programas de monitoreo y control de plagas. Tal enfoque
podria ver un retorno a altos niveles de infestacion.
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