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Executive Summary 

Introduction 

Willows are serious weeds of waterways and wetlands in south eastern Australia. Willow 
sawfly has the potential to affect willow management because high populations of this insect 
are able to completely defoliate willow trees. A research project has been underway in Victoria 
since 2006 to monitor the impacts of willow sawfly on willows and their management. 
 

Activities 

1). Intensive monitoring of sites in north east Victoria (Happy Valley, Kergunyah and Everton) 
and southern Victoria (Healesville and Tarago) was undertaken in the 2007/08 and 2008/09 
seasons. Six trees at each site were assessed at 4 – 6 weekly intervals. The variables 
monitored included: 

·  Willow sawfly population levels; 
·  Extent of tree canopy defoliation; 
·  Tree canopy density; 
·  Leaf area; 
·  Light levels under the willow canopy. 

 
2). Willow sawfly population and tree canopy defoliation assessments were made on a range of 

willow taxa at a number of additional sites. 
 
3). The extent of branch death was assessed at two sites in spring each season. 
 
4). Additional reports of willow sawfly activity from land holders and on-ground field staff 

across Australia were collated to produce a map of the current distribution of willow 
sawfly.  

 
5). Field trials were established to determine if the tree defoliation associated with willow 

sawfly activities could provide the opportunity to re-establish native riparian species under 
willows without the need for willow control. A second set of trials investigated the effect of 
willow sawfly defoliation on the efficacy of stem injection on willow trees. 

 

Results 

1). Intensive Monitoring Sites 

·  Willow sawfly populations have remained low at Happy Valley and Healesville; 
·  At Everton, willow sawfly populations increased from levels found in the 2006/07 

season, causing defoliation in 2007/08 and 2008/09; 
·  Willow sawfly populations continued to be high at Kergunyah, causing defoliation; 
·  At Tarago, willow sawfly populations were high in the 2007/08 season and caused 

defoliation, but were too low to have any impact on willows in 2008/09; 
·  It is unclear why willow sawfly populations did not increase to high levels at Tarago, 

and other sites in southern Victoria, in 2008/09;  
·  In the 2007/08 season, willow sawfly populations remained sufficiently high to limit 

redevelopment of new foliage at Everton, Kergunyah and Tarago, with most trees 
remaining highly or severely defoliated for the latter part of the season; 



·  In the 2008/09 season, the extent and severity of defoliation was lower at Everton and 
Kergunyah than in the previous season and some new foliage did establish; 

·  Intact willow canopies generally had a tree canopy density of 70% or greater, and under 
high light conditions, intercepted 90% or more of the available light; 

·  Defoliated canopies allowed much greater amounts of light to penetrate to the 
understorey. 

 

2). Additional Monitoring Sites 

·  Willow sawfly has caused canopy defoliation on: 
�  black willows, 
�  Chilean pencil willows,  
�  crack willows,  
�  crack x golden willows (S. x rubens), 
�  golden upright willows,  
�  golden weeping willows,  
�  purple osiers,  
�  tortured willows, 
�  weeping willows; 

·  Low willow sawfly populations levels have been maintained at other sites on various 
taxa, which have caused limited leaf damage at some sites; 

·  Grey sallows and pussy willows (both shrub willows) have maintained low willow 
sawfly populations at some sites for three seasons with no obvious impacts; 

·  Some limited leaf damage as a result of willow sawfly activity was observed on poplar 
leaves at the Kiewa site late in the 2007/08 season, when willow foliage was limiting. 

 

3). Extent of Tree Death 

·  There was little change in the extent and number of dead branches or in overall tree 
health of trees at the Kergunyah and Kiewa sites between October 2007 and October 
2008; 

·  Willow sawfly has not yet caused whole tree death at any of the monitoring sites. 
 

4). Willow Sawfly Distribution 

·  Willow sawfly has been recorded in ACT, New South Wales, South Australia, 
Tasmania, Victoria and Western Australia; 

·  In the past two seasons it has expanded its range in NSW to sites west of Bathurst, sites 
between Bathurst and Yass in southern NSW, and sites as far north as Glen Innes; 

·  In Victoria there have been new willow sawfly reports from the Goulburn River north 
of Eildon, the Sale area in Gippsland and along the Murray river east of Wodonga; 

·  One report of willow sawfly activity has been received from Albany, WA; 
·  There has been little change in willow sawfly distribution in the remaining states and 

territories over the past two seasons. 
 

5). Management Trials 

·  There was high survival of tube stock planted under willows at the Campaspe River, 
Happy Valley and Kiewa River sites in the first season; 



   
·  However, severe and repeated browsing by vertebrate herbivores limited plant growth at 

the Campaspe River and Happy Valley sites; 
·  At the Kiewa River sites, all species grew strongly with the eucalypt and acacia trees 

averaging more than 1.0 m in height eight months after planting; 
·  There was very limited establishment of seedlings in those plots which were direct 

seeded, and the majority of seedlings that did germinate were acacias; 
·  Based on these results from one season only, it appears that it is possible to successfully 

establish native vegetation under willows but browsing by herbivores can be a major 
barrier to plant growth in riparian areas. 

 

Conclusions  

Willow sawfly populations and their impacts on willow trees have now been monitored at 
several sites in Victoria over three seasons. From this work, several conclusions can be drawn. 
 

Willow sawfly populations: 

·  Willow sawfly is already widespread throughout Victoria; 
·  Low willow sawfly populations have no observable impact on willows; 
·  High willow sawfly populations cause willow tree defoliation; 
·  At sites with high willow sawfly populations, numbers of larvae are generally higher 

earlier in the season than later in the season; 
·  However, it is not possible to predict the likelihood of the development of a high willow 

sawfly population at a site based on numbers of larvae very early in the season; 
·  At some sites, willow sawfly populations can increase from a low level in one season   

to a high level in the following season, resulting in tree defoliation; 
·  Willow sawfly populations can remain low at some sites for at least three seasons; 
·  Willow sawfly populations can be high at a site in one season, causing defoliation, and 

low in the following season; 
·  The factors which control the dynamics of willow sawfly populations both within and 

between seasons, and within and between sites, have yet to be determined. 
 

Impacts of willow sawfly: 

·  Defoliation of willows reduces tree canopy density, leaf area and increases the light 
available to the understorey; 

·  If willow sawfly population remains high across the season, foliage redevelopment is 
limited and canopies may remain defoliated for several months; 

·  Despite four years of repeated, severe defoliation at some sites, no willow deaths in 
Victoria can yet be attributed to willow sawfly defoliation;  

·  Dieback of large and small branches has been observed on trees defoliated by willow 
sawfly at several sites; 

·  It is unlikely that new infestations of willow sawfly will rapidly cause extensive willow 
death, so willow managers have time to determine the most appropriate management 
options in willows affected by willow sawfly; 

·  However, it is likely that repeated defoliation of willows impacts on willow root 
biomass and overall tree health; 

·  Willow sawfly may impact on willow management at a local level but is unlikely to 
significantly change management activities across much of the landscape. 
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Section 1: Introduction 
 
In many parts of Victoria and south eastern Australia, willows are serious weeds of waterways 
and wetlands. Willows are highly invasive, spreading both by seed and by vegetative means 
(such as stem fragments) and have significant impacts on the structure and functioning of 
waterways. Willow infestations can alter the hydrology and geomorphology of waterways,  
out-compete native vegetation, and affect the habitat and food-webs of terrestrial and in-stream 
fauna (ARMCANZ 2001). For these reasons, considerable resources are invested annually in 
willow control and management. 
 
The recent arrival of willow sawfly (Nematus oligospilus Förster (Hymenoptera: 
Tenthredinidae)) in Australia is of interest to willow managers due to its potential to affect 
willow management activities. First reported in Canberra in March 2004 (Bruzzese and 
McFadyen 2006), willow sawfly has become widespread across Victoria and south eastern 
Australia (Finlay and Adair 2006; Ede et al. 2007). As this insect appears to tolerate a wide 
range of climatic conditions, it has the potential to spread across most areas dominated by 
willows in Australia (Ede et al. 2007). 
 
The larval stage of willow sawfly consumes leaves of willow trees. When willow sawfly 
populations increase to high levels, the larvae can defoliate entire trees. The insect has caused 
severe tree defoliation at numerous sites in Victoria since late 2005 (Ede 2006; Ede et al. 
2007). As the insect goes through several generations each season, trees can be defoliated 
several times, with this situation resulting in tree deaths in other countries (Ede 2006). Willow 
managers are particularly interested in knowing if infestations of willow sawfly in Victoria and 
south eastern Australia are likely to kill large numbers of willow trees or to negatively affect 
willow health in any way. 
 
A research project to monitor and assess the impacts of willow sawfly on willows in Victoria 
has been underway since 2006. The results from the first season of comprehensive monitoring 
of sites in north east and southern Victoria have been documented in Ede et al. (2007).  
 
This report builds on the outputs of the first season of monitoring and analyses the outcomes of 
the monitoring that was undertaken in the 2007/08 and 2008/09 seasons. It also includes maps 
of the current known distribution of willow sawfly across south eastern Australia and a brief 
description of field trials underway to test the impacts of willow sawfly on riparian revegetation 
and willow management activities. Analyses of these trials and the implications for willow 
management will be completed at the end of the 2009/2010 season. 
 
This project is complemented by a Ph.D. project currently being undertaken at Monash 
University by Valerie Caron who is investigating the genetics and ecology of willow sawfly. 
 
A description of the insect, its life cycle, response to environmental factors and analysis of the 
international experience of the impact of willow sawfly on willow populations in the southern 
hemisphere, particularly New Zealand, can be found in Ede (2006). Analysis of the potential 
impact of the insect on willow management has also been undertaken (Ede 2007; Ede 2009). 
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Section 2: Monitoring Methods 

2.1 Intensive Monitoring  

2.1.1 Sites 

In 2007/08, intensive monitoring was undertaken regularly at four sites, two in north-east 
Victoria and two in southern Victoria (Fig. 1, Table 1). Three of these sites – Happy Valley, 
Kergunyah and Healesville – had been intensively monitored in the 2006/07 season. However 
the fourth site, Tarago River, was included in the monitoring program for the first time in the 
2007/08 season, after a severe infestation of willow sawfly was observed at this site in February 
2007. 
 
These four sites plus the Everton site were intensively monitored in the 2008/09 season. The 
Everton site had been included in the intensive monitoring in 2006/07, but in 2007/08 only low 
level monitoring was undertaken at this site. However, the development of a significant willow 
sawfly population in the 2007/08 season prompted the decision to increase the intensity of 
monitoring at the site in the 2008/09 season. 
 
Table 1 outlines site details, including the density of willow sawfly populations and the date at 
which willow sawfly was first detected at the site.  
 
Table 1: Details of Intensive Monitoring Sites  
 
Site and 
Location 

Code River Seasons of 
Intensive 
Monitoring  

Willow 
Sawfly 
Populations 

Willow Sawfly 
First Detected 

Happy Valley 
NE Victoria 

Hvy Happy Valley 
Creek 

2006/07 
2007/08 
2008/09 

Low 
Low 
Low 

28 Nov 2006 

Healesville 
Southern 
Victoria  

Hsv Kelly’s Creek 2006/07 
2007/08 
2008/09 

Low 
Low 
Low 

15 Nov 2006 

Everton 
NE Victoria  

Evt Ovens River 2006/07 
 
2008/09 

Low 
High 
High 

7 Nov 2006 

Kergunyah 
NE Victoria  

Ker Tributary to 
Kiewa River 

2006/07 
2007/08 
2008/09 

High 
High 
High 

Dec 2005 

Tarago 
Southern 
Victoria  

Tar Tarago River  
2007/08 
2008/09 

 
High 
Low 

5 Feb 2007 

 
The willow taxa monitored were Salix fragilis (crack willow) at the Happy Valley, Healesville 
and Everton sites, and S. x rubens at the Kergunyah and Tarago sites. All the sites were on 
private land with pasture dominating the adjoining land. At the Happy Valley site, a pine 
plantation occupied adjacent land across the river from the monitoring site. 
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Figure 1: Location of willow sawfly monitoring sites in Victoria.  Red circles represent 
intesive monitoring sites; blue squares represent additional monitoring sites. 
 

2.1.2 Monitoring Activities 

At each of the intensively monitored sites, six trees were assessed at regular intervals 
throughout the growing season. Where possible, the same six trees were monitored each 
season. However at the Kergunyah site, the death of a significant portion of one tree after the 
2006/07 season meant that a nearby tree was included in the monitoring in subsequent seasons 
instead of the original tree. 
 
In the 2007/08 season, sites were monitored at approximately monthly intervals from 
November through to April, while in the 2008/09 season, monitoring occurred at 5 – 6 weekly 
intervals, from late October until April.  
 
The assessments undertaken at each site visit were: 

·  Population levels of willow sawfly; 
·  Extent of tree canopy defoliation; 
·  Tree canopy density; 
·  Leaf area of selected branches (2007/08 only); 
·  Light levels under the willow canopy. 

 
In addition, temperature loggers (Tinytag, Gemini Data Loggers UK Ltd.) were installed during 
the first site visit each season at Happy Valley, Healesville, Kergunyah and Tarago. Each 
logger was attached to the most southerly side of a willow tree, about 1.8 m above the ground. 
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These data-loggers recorded the maximum temperature at 15 minute intervals throughout the 
season, and were removed and downloaded at the end of the season. 
 

2.1.2.1 Willow sawfly population levels 
Assessment of willow sawfly population levels on each tree was made by counting the number 
of larvae visible during a five minute period, using a stop watch and a tally counter. All 
accessible foliage in the lower parts of the tree was included in the count. All sizes of larvae 
were counted and other stages of the life cycle were noted if present. 
 
This assessment technique was dependent on the presence of sufficient leaf material on which 
to undertake counts. Extensive defoliation by willow sawfly meant that at some assessments 
times, it was not possible to undertake population counts due to the lack of foliage. Browsing of 
lower willow branches by cattle also limited accessible foliage at some sites later in the season. 
 

2.1.2.2 Extent of tree canopy defoliation  
A visual estimate of the extent of defoliation of the tree canopy was made by one observer. 
These observations were recorded as percentage of total canopy defoliated by willow sawfly, 
and did not include defoliation which occurred as a result of drought or seasonal changes.  
 
Due to concerns about the accuracy of estimation of the extent of tree canopy by eye and the 
variation between different observers estimating defoliation at different times throughout each 
season, a series of categories was used to analyse the defoliation data, as outlined in Table 2. 
 
There were a number of instances where whole tree defoliation was not evident, but where a 
small number of branches had been defoliated or where isolated leaves had been damaged by 
larvae. These occurrences were noted, but not scored as tree canopy defoliation. The feeding 
pattern of willow sawfly larvae is characteristic of the species. Initial consumption results in 
complete holes in the leaf which get larger as the larvae grow. Large larvae eat the entire 
lamina (green portion of the leaf) leaving only the midrib intact. These intact midribs can 
persist on the tree for some weeks, allowing for an accurate identification as to the causal agent 
of the defoliation. 
 
Table 2: Categories of Tree Canopy Defoliation as Estimated by Percent Defoliation  
 

Estimated % Canopy Defoliation Category of Canopy Defoliation 
  0% Nil 

< 5% Very low 

5 – 25% Low 

26 – 50% Moderate 

51 – 75% High 

> 75% Severe 
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2.1.2.3 Tree canopy density 
To provide a stronger quantification of the extent of tree canopy defoliation, analysis of tree 
canopy density using digital images was undertaken. Two photo points were established under 
each tree at the beginning of the season, with these photo points positioned to capture as much 
foliage as possible with the minimum amount of large branch material. A digital camera was 
mounted on a tripod and oriented vertically to record an image of the canopy. The position of 
the tripod and the position of the camera on the tripod (height and orientation) were identical at 
each monitoring event, as were the camera settings. Multiple images were recorded to ensure at 
least one useable image was captured, particularly on windy days.  
 
To calculate the amount of foliage present, each original digital colour image was converted 
into a HSB (Hue Saturation Brightness) colour space and the threshold within this image was 
adjusted to highlight foliage only. The area of the image occupied by foliage was then 
calculated. This processing was undertaken using Image J v. 1.38, a freeware image processing 
and analysis program (http://rsb.info.nih.gov/ij/index.html). 
 

2.1.2.4 Leaf area 
On three occasions in the 2007/08 season (November, January and March) the leaf area of two 
shoots per tree was measured to determine the impact of willow sawfly on individual shoots. 
The shoots were approximately one metre long, but only leaves from the youngest 50 cm were 
assessed for leaf area. The older 50 cm of shoot was examined to determine the extent of 
defoliation to ensure that defoliation which had occurred in this part of the stem was recorded, 
even if the shoot had 50 cm or more of intact new growth. 
 

Severely defoliated willow at 
Kergunyah, December 2008  
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Only the area of leaves attached directly to the main shoot and on first order branches were 
measured. First order branches were defined as those which were attached directly to the shoot 
but which did not branch themselves. Early in the season, these branches were herbaceous, but 
increased in woody content as the season progressed. 
 
The leaves to be measured were removed from the shoot and placed on a flat-bed scanner. A 
colour digital image of the scan was recorded on a laptop computer for later analysis. This 
analysis involved converting the image to black and white, and then counting the number of 
black pixels to calculate the area occupied by the leaves, using MVHimage PC v.8 
(http://mvh.sr.unh.edu/software/software.htm). 
 
 

 
 
 

2.1.2.5 Light levels under the willow canopy 
Incident light was measured under the willow canopy and outside the canopy in full light. A line 
quantum sensor (Apogee Instruments Inc.) calculated Photosynthetic Photon Flux Density 
(PPFD) from 10 sensors measuring PAR (Photosynthetically Active Radiation) over a 70 cm 
length. The output from the ten sensors was integrated to give a single reading. This instrument 
recorded the number of photons in the 400 – 700 nm range of the spectrum in units of µmol 
photons per metre2 per second. The range of the instrument was 0 – 2,000 µmol m-2 s-1. On 
extremely bright days in mid-summer the sensor went off-scale, at which times the reading was 
recorded as 2,000 µmol m-2 s-1, but this happened rarely. 
 

Foliage from tree at Tarago sampled in 
January 2008, prepared for scanning. 
Note the mixture of intact and damaged 
leaves, some of which have only 
midribs remaining. 
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Light levels were measured at each of the 12 photo points (as used for assessing tree canopy 
density) per site, at a height of approximately 1.4 m, with the sensor pointing in a northerly 
direction. Three measurements were taken outside of the willow canopy in areas receiving full 
light, at each site. Measurements were taken as close to midday as possible.  
 
The PPFD readings taken from under the willow trees at the photo point positions were 
converted to percentage of full light available at the time of measurement by comparison with 
the measurements made outside the canopy. This allowed for comparison between dates and 
between sites by removing the requirement for identical light conditions at each time of 
measurement, which is particularly important as cloud cover has a significant impact on PPFD 
levels. However, it assumed that light levels under a tree canopy respond in a linear way to the 
total available light and this was not the case. On sunny days with high available light 
(generally with PPFD > 1,000 µmol m-2 s-1), there was little reflectance of light, and light levels 
under a canopy were primarily determined by the amount of light coming through the canopy 
from above. On cloudy days with lower available light, reflectance was increased resulting in 
more light reaching the understorey from lower angles. Thus the percentage of light recorded 
under the canopies under those conditions was higher than under conditions of full light.   
 
The light levels measured in these assessments were instantaneous measures of PPFD 
integrated over a 70 cm length. The measurements were influenced by the time of day, and by 
the date during the season, which affected the angle of incident light. Hence the measurements 
made were indicative of the proportion of light being intercepted by the willow canopy at that 
particular time, rather than being exact measures of the light environment of the understorey 
vegetation.  
 

2.1.3 Data Analysis 

All statistical analyses were performed using GenStat (GenStat 11.1, 2008; VSN International 
Ltd.). Two way Analysis of Variance (ANOVA) analyses were undertaken on the entire dataset 
collected each season for willow sawfly population levels, tree canopy density, leaf areas and 
light levels. The purpose of these analyses was to determine if the interaction between sites and 
date was significant, which it was in all cases. This result indicated that patterns of change in 
the variables across the season differed between sites, as would be expected given the inclusion 
of sites with both high and low populations of willow sawfly. However, this significant 
interaction meant that it was not possible to compare site means for the variables across 
different times of the season. 
 
Because of this significant interaction between sites and date, the data collected for each 
variable at each sampling data were then subjected to one way ANOVA analyses. These 
analyses determined whether there were significant differences between sites at each sampling 
point in the season, but did not allow for comparison across the season. Differences between 
sites were identified using Fisher’s Protected Least Significant Difference tests (LSD tests), 
operating at the 5% probability level. 
 
The data presented in the tables in Section 3.1 relating to willow sawfly population levels, tree 
canopy density, leaf area and light levels are averages from the six trees at each site. 
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2.2 Additional Monitoring  

A number of other willow sites (Fig. 1, Table 3) were monitored at periodic intervals to assess 
the impacts of willow sawfly across the landscape on a wider range of willow taxa. Sites in 
north east Victoria assessed in both 2007/08 and 2008/09. However, the sites in southern 
Victoria were only monitored in the 2007/08 season as willow sawfly numbers in southern 
Victoria were so low in 2008/09 that population monitoring was not considered worthwhile. 
 
Assessments at these sites were less intensive and generally included the five minute count 
method for determining willow sawfly populations (Section 2.1.2.1) and a visual estimate of 
the extent of tree canopy defoliation (Section 2.1.2.2).  
 
In the 2007/08 season, the Beechworth, Kiewa and Everton sites were monitored at 
approximately monthly intervals from November to April, although defoliation of trees at 
Everton meant that population counts were not possible there in March and April. The 
remaining sites in north east Victoria and southern Victoria were monitored at approximately 
two monthly intervals from December until April, with a subset of sites also assessed in 
November. Assessments were generally made at about six weekly intervals in the 2008/09 
season, from either late October or mid-December through until April. Trees at the King Valley 
site had been severely affected by road construction so were not assessed in 2008/09. 
 
These monitoring sites included a wide range of willow taxa, and some had multiple taxa at the 
one site. Searches for willow sawfly were also made on any poplar trees present at sites. 
 
Because it was not possible to sample sufficient trees of each taxon at each of the population 
monitoring sites to provide statistically sound replication, the data presented in this report have 
not been subjected to any statistical analysis. Where more than one tree of any taxon was 
present at a site, the population data presented in Table 12 represent the average number of 
larvae found across all trees of that taxon. 
 

2.3 Extent of Tree Death 

One of the key concerns about the impact of willow sawfly on willows relates to the likelihood 
that repeated, severe tree defoliation will cause tree death. In order to gain a better 
understanding of this potential outcome, surveys of the extent of branch death were undertaken 
on several trees at the Kergunyah and Kiewa sites in north east Victoria which were defoliated 
for the first time in the 2005/06 season. All trees assessed were either S. fragilis or S. x rubens. 
 
Trees were assessed in October 2007 and October 2008 as the spring flush of leaf growth was 
at its peak, prior to any significant willow sawfly activity. It was not possible to undertake 
assessments later in the season due to the combined affects of leaf senescence and willow 
sawfly defoliation. Assessments involved mapping the largest branches of the trees and visually 
estimating the extent of these branches that were alive or dead. Lower branches were tagged to 
identify those which were live and those which were dead, or the portions of the branch which 
appeared to be dead.  



  9 

 
Table 3: Details of Additional Monitoring Sites  
 
Site River/Location Adjacent Land Willow Taxa 

North East Victoria 

Baranduda Finns Creek Pasture Black willow (Salix nigra) 

Beechworth 
Camping 
Ground 

Spring Creek Public camp 
ground 

Crack willow (S. fragilis) 
Grey sallow (S. cinerea) 
Lombardy poplar (Populus nigra 
‘Italica’)  

Cheshunt King River Pasture and 
public land 

Crack willow (S. fragilis) 

 

Dederang Glen Creek Public land and 
pasture 

Golden willow (S. alba var. vitellina) 

Edi King River Public camp 
ground 

Crack willow (S. fragilis) 
Grey sallow (S. cinerea) 

Everton Ovens River Pasture Black willow (S. nigra) 
Crack willow (S. fragilis) 
Golden willow (S. alba var. vitellina) 
Purple osier (S. purpurea) 
Weeping willow (S. babylonica) 

Kiewa, 
NECMA Depot 

Kiewa River Pasture Chilean pencil (S. humboldtiana) 
Crack willow (S. fragilis) 
Poplar (Populus spp.) 
Weeping willow (S. babylonica) 

King Valley Roadside ditch Public land Golden willow (S. alba var. vitellina) 
Lombardy poplar (P. nigra ‘Italica’)  

Leneva  Middle Creek Public land Crack willow (S. fragilis) 
Pussy willow (S. x reichardtii) 
Weeping willow (S. babylonica) 

Southern Victoria 

Chirnside Park Chirnside Park 
Drain 

Public land Crack willow (S. fragilis) 
Grey sallow hybrid (S. cinerea hybrid) 

Loch Bass River Public land Crack willow (S. fragilis) 

Poowong Pheasant Creek Pasture Crack willow (S. fragilis) 

Wandin North Roadside Public land Crack willow (S. fragilis) 
Grey sallow (S. cinerea) 
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Section 3: Results of Monitoring  

3.1 Intensive Monitoring 

3.1.1 Willow Sawfly Population Levels 

Assessing the population of willow sawfly using the 5 minute count method proved to be a 
more effective measure than the beat samples taken in the 2006/07 season, but the change in 
technique means that it is not possible to directly compare results from the 2006/07 season with 
data from the two seasons reported here. 
 
Throughout both the 2007/08 and 2008/09 seasons, the numbers of willow sawfly at Happy 
Valley and Healesville remained low (Table 4). There was a small increase in numbers in 
March 2008 but this was not sustained and had no impact on tree defoliation levels (Table 6) or 
tree canopy density (Table 7). In contrast, populations at Everton, Kergunyah and Tarago had 
reached more than 100 larvae per count by December 2007 (Table 4). On Tree 6 at Everton, 
381 larvae were counted in the 5 minute period, which was the highest count recorded on any 
tree at any site over the two seasons. High population levels were sustained at these sites in 
January 2008, but declined somewhat in February and March (Table 4). 
 
Early in the 2008/09 season, willow sawfly numbers were similar at Everton, Kergunyah and 
Tarago to those found in November 2007, but population levels only increased to high levels at 
Everton and Kergunyah (Table 4). At these two sites, there was a cycle in larval numbers, with 
numbers high in December, low in January, but increasing again in March (Table 4). However, 
numbers of willow sawfly larvae did not build up at the Tarago site at all during the 2008/09 
season, and the reasons for this are unclear. 
 
Table 4: Number of Willow Sawfly Larvae Found at Intensively Monitored Sites (mean 
number of larvae per five minute count period) 
 
 07/08 Season 08/09 Season 

Site Nov Dec Jan Feb Mar  Apr  Oct/ 
Nov 

Dec Jan/ 
Feb 

Mar  Apr  

Hvy 0a1 2a 7a 5a 25a 2a 6a 4a 5a 6a 9a 

Hsv 1a 3a 2a 1a 14a 1a 2a 6a 0a 0a 0a 

Evt 10ab 210c  64b   31c 138b 1a 44b 1a 

Ker 20b 101b 185b 67b   10ab 230c 24b 81c 62b 

Tar 38c 125b 195b 46b 85b  23bc 5a 1a 0a 1a 

1 Within sampling dates, values in the same column followed by the same letter do not differ significantly from 
one another at the 5% level of probability (Fisher’s Protected Least Significant Difference test). 
 
As the extent of defoliation increased, it became more difficult to find accessible foliage on 
which population counts could be undertaken. As well, there was a decline in the number of 
larvae after severe defoliation due to the limited food supply, and the very high larval numbers 
present early in the season were not sustained by the new foliage that developed after initial 
defoliation. 
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There was some variability in larvae numbers between the six trees at each site at each 
sampling date. The highest variability was found at Tarago in January 2008 where 25 larvae 
were counted on Tree 1, while 378 larvae were counted on Tree 6 (mean across six trees: 195 
larvae; standard error of the mean: 52.3). This result suggests that the non-random distribution 
of the larvae observed within trees was also occurring between trees. Often individual leaves or 
twigs had higher numbers of larvae than adjacent areas of the tree, indicating that the 
distribution of larvae was clumped rather than even. There was limited anecdotal evidence that 
willow sawfly preferred the epicormic shoots in the inner parts of the willow trees at some 
sites, but this was not always the case.  
 
Other life stages of willow sawfly were observed at sites, but the numbers of each life stage 
were not assessed. At all sites, old egg cases were found on leaves, often with a small hole 
nearby indicating that the egg had hatched but that the larva did not survive for very long. 
These old egg cases and holes remained visible for a number of months and, as they were easily 
found, provided a good diagnostic tool to indicate whether willow sawfly had been present at a 
site or not, even if live material was not found.  
 
The frequency of observations of the various life stages at each site over the two seasons are 
presented in Table 5.  
 
Table 5: Frequency of Observations of Willow Sawfly Life Stages 
 
Site Live Eggs Pupae Adults 

Hvy Occasional Rare Only one observed across two 
seasons 

Hsv Occasional Occasional None observed 

Evt Numerous, particularly in 
summer 2008 

Only one observed across 
two seasons 

Numerous in late summer 
2008, occasional at other times 

Ker Numerous at times, 
especially early summer 

Occasional Numerous in December 2008, 
occasional at other times 

Tar Numerous in 2007/08 
season;  
occasional in 2008/09 

Numerous in 2007/08 
season; 
rare in 2008/09 

Occasional in late summer 
2008; 
rare in 2008/09 season 

 
 

 

Key Points: 

�  Willow sawfly populations were low at Happy Valley and Healesville; 

�  Willow sawfly populations were high at Everton and Kergunyah in both seasons, 
and at Tarago in 2007/08; 

�  381 larvae were recorded in one 5 minute count on a tree at Everton in Dec 07; 

�  Numbers of larvae varied between trees at a site and between assessment dates; 

�  Live eggs, pupae and adults were observed at most sites on some occasions. 
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3.1.2 Extent of Tree Canopy Defoliation 

3.1.2.1 Happy Valley and Healesville  
There was no tree canopy defoliation as a result of willow sawfly activity across both seasons 
at either the Happy Valley site or the Healesville site, nor at the remaining sites very early in 
each season (Table 6).  
 

3.1.2.2 Everton 
At Everton in the 2007/08 season, the majority of trees were severely defoliated in January, 
with some recovery of foliage apparent in February (Table 6). However this recovery was 
short-lived due to the activity of willow sawfly larvae, with all trees being rated as severely 
defoliated in March and April. The extent of tree defoliation was lower at this site in the 
2008/09 season, although at least half the trees were rated as having high or severe defoliation 
from December until April (Table 6). Tree 1 was the least defoliated, with low defoliation 
scores in December, March and April, and a score of moderate defoliation in January.  
 

3.1.2.3 Kergunyah 
In the 2007/08 season at Kergunyah, tree defoliation became apparent in January, with low to 
moderate levels of defoliation, but all trees were severely defoliated for the remainder of the 
season (Table 6). As was seen at Everton, defoliation levels were lower in the 2008/09 season. 
Most trees were highly to severely defoliated in January and April, but the majority of trees 
were only moderately defoliated in March (Table 6).  
 

3.1.2.4 Tarago 
Tree defoliation at Tarago reached moderate to severe levels in January in the 2007/08 season 
and remained high to severe for the rest of the season (Table 6). Trees 5 and 6 were defoliated 
before the remaining trees, scoring low defoliation in December and severe defoliation in 
January. The regrowth of new foliage on these trees, particularly on Tree 6, was noticeable in 
the latter part of the season. Extensive defoliation of the Trees 1 – 4 occurred from February 
onwards, and there was little regrowth of new foliage on these trees. 
 
However, as discussed in the previous section (Section 3.1.1), in the 2008/09 season willow 
sawfly numbers did not build up at Tarago to high levels and there was no tree defoliation at 
this site in this season (Table 6).  
 
 
 
 
 
 
 
 
 
 
 

Key Points: 

�  There was no tree defoliation at Happy Valley or Healesville; 

�  Willow sawfly lead to severe tree defoliation at Everton, Kergunyah and 
Tarago for much of the 2007/08 season; 

�  Defoliation was less severe at Everton and Kergunyah in 2008/09; 

�  There was no tree defoliation at Tarago in 2008/09. 
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Table 6: Number of Trees in Each Tree Defoliation Category and Number of Willow 
Sawfly Larvae (mean number of larvae per five minute count period) 
 

  Defoliation Category 
Site Date Nil Very 

low 
Low Mod High Severe 

Willow 
Sawfly  
Larvae  

Hvy All 61      6 

Hsv All  6      3 

Evt Nov 07 6      10  
 Dec 07       210  
 Jan 08    1  5  
 Feb 08   1 1 3  64  
 Mar 08      6  
 Apr 08      6  

 Oct 08 6      30  
 Dec 08   1 1 1 3 138  
 Jan 09    1 4 1 1  
 Mar 09   1 1 3 1 44  
 Apr 09   1 2 3  1  

Ker Nov 07 6      20  
 Dec 07 6      101  
 Jan 08   5 1   185  
 Feb 08      6 65  
 Mar 08      6  
 Apr 08      6  

 Oct 08 6      10  
 Dec 08   6    230  
 Jan 09    1 4 1 24  
 Mar 09    5 1  81  
 Apr 09     3 3 62  

Tar Nov 07 6      38  
 Dec 07  4 2    125  
 Jan 08    3 1 2 195  
 Feb 08      4 2 46  
 Mar 08     1 5 85  
 Apr 08     1 5  

 Nov 08 6      23  
 Dec 08 6      5  
 Feb 09 6      1  
 Mar 09 6      0  
 Apr 09 6      1  
1 Six trees were assessed at each site at each time of assessment  
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3.1.3 Tree Canopy Density 

3.1.3.1 2007/08 Season 
In this season, the amount of canopy present as foliage was greater than 70% at all sites in 
November and December, indicating that trees at all sites had developed extensive canopies. 
This remained the case throughout the season at Happy Valley and Healesville (Table 7), 
although there was a decline in foliage cover at these sites later in the season due to natural 
senescence. Tree canopy density was not assessed at Everton in this season. 
 
There was a significant decrease in tree canopy density at Kergunyah and Tarago in January as 
a result of willow sawfly activity and tree canopy densities at these sites remained low, with the 
level of foliage cover dropping to only 2% in March at Kergunyah (Table 7). 
 
Table 7: Percentage (%) of Area of Digital Image of Tree Canopy Occupied by Foliage, as 
a Measure of Tree Canopy Density 
 
 07/08 Season 08/09 Season 

Site Nov Dec Jan Feb Mar  Oct/ 
Nov 

Dec Jan/ 
Feb 

Mar  

Hvy 73a1 77a 77d 68b 64c 78b 79b 77b 78d 

Hsv 82bc 79a 65c  63c 85c 85b 71b 66bc 

Evt      64a 33a 37a 40a 

Ker 79b 80a 54b 25a 2a 84bc 80b 41a 58b 

Tar 84c 77a 38a 31a 30b 88c 84b 70b 71cd 

1 Within sampling dates, values in the same column followed by the same letter do not differ significantly 
from one another at the 5% level of probability (Fisher’s Protected Least Significant Difference test). 
 

3.1.3.2 2008/09 Season 
Canopy density at the Everton site was lower than at the remaining sites in the first part of the 
2008/09 season (Table 7). Tree defoliation scores were already higher at Everton by December 
than for other sites (Table 6), although as the season progressed, tree canopy density at 
Kergunyah was similar to that at Everton (Table 7) as these trees were defoliated by willow 
sawfly (Table 6). The amount of foliage on trees at Kergunyah did not decrease to the levels 
seen in the previous season, but recovered somewhat later in the season to be similar to that at 
Healesville (Table 6). 
 

3.1.3.3 Variability 
The standard errors associated with the tree canopy density averages were extremely low, 
particularly for the higher density values associated with intact tree canopies. These results 
indicate that there is little variation between the canopies of individual trees at a site, and 
between different positions under the same tree, making this a powerful quantitative tool to 
assess willow canopy density. As tree canopy density values started to decrease, standard errors 
increased, indicating that there was greater variability between trees in the extent of defoliation. 
This is well illustrated by the results from Everton in December when the average foliage cover 
was 33%, with a standard error of 7.6. Individual values ranged from a foliage cover of 1% 
(Tree 4) to 78% (Tree 1). 
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3.1.4 Leaf Area 

Assessments of leaf area were made on three occasions in the 2007/08 season only. Early in the 
season there was no difference between sites, but by January the leaf area at Tarago was lower 
than that at Happy Valley and Healesville, while Kergunyah had the lowest leaf area in March 
(Table 8). This correlated with the very low tree canopy density measured at this site at this 
time (Table 7) and the severe tree defoliation scores in the latter part of the season (Table 6). 
 
Table 8: Leaf Area (cm2) of Foliage Present on a 50 cm Long Willow Shoot 
 
Site Nov 07   s.e.1 Jan 08 s.e. Mar 08 s.e. 

Hvy 264a2   50.7 470b 89.0 328b 82.8 

Hsv 471a 107.8 365b 75.3 365b 73.8 

Ker 321a   82.7 289ab 90.4 22a   9.1 

Tar 391a   82.2 141a 46.2 219b 50.7 

1 Standard error of the mean; 
2 Within sampling dates, values in the same column followed by the same letter do not differ significantly 
from one another at the 5% level of probability (Fisher’s Protected Least Significant Difference test). 
 
As shown in Table 8, the standard errors associated with the leaf area assessments were very 
high, indicating that there was a lot of variability between samples from the six trees at each 
site. In one instance there was a hundred-fold difference between the lowest and highest leaf 
area measures – at Kergunyah in January, one sample from Tree 2 had a leaf area of 1,185 cm2, 
while a sample from Tree 5 had a leaf area of only 11.8 cm2. This variability between samples 
was the major reason that this assessment technique was discontinued. 
 

3.1.5 Light Levels Under the Willow Canopy  

3.1.5.1 2007/08 Season 
Light levels under fully foliated willow canopies were very low, with canopies intercepting 
more than 90% of the available light. Levels under trees at both Happy Valley and Healesville 
were 10% or less of light levels in the open, until natural leaf loss late in the season (Table 9).  
 
At Kergunyah, light levels under the canopy were also low until defoliation caused by willow 
sawfly opened up the canopy. Despite almost total defoliation of trees at this site in March 
(Table 7), understorey light levels did not reach 100% due to the shadow cast by branches. At 
Tarago the percentage of light under the canopy was higher in November than at the other sites 

Key Points: 

�  Fully foliated willow trees had a canopy density of > 70% foliage when 
assessed using digital images; 

�  Defoliation by willow sawfly decreased tree canopy density; 

�  There was little variation in canopy density between fully foliated trees at a site. 
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(Table 9), because light levels in the open on the day of measurement were very low (284 µmol 
m-2 s-1). As the season progressed, higher light levels under the willow canopies at Tarago 
reflected tree defoliation resulting from willow sawfly activity.  
 

3.1.5.2 2008/09 Season 
Under intact canopies, light levels remained at 10% or less of light levels in the open (Table 9) 
under conditions of high light. At Healesville and Tarago in December and Happy Valley in 
March, light levels in the open were low, resulting in higher percentages under the willow 
canopies. Tree canopy defoliation at Everton (Tables 6 and 7), resulted in higher light levels at 
this site from December onwards, as was the case for Kergunyah in January and April. The 
recovery of some canopy at this site in March (Tables 6 and 7) was reflected in the lower light 
levels measured under the canopies at this time. 
  
Table 9: The Percentage of Ambient Light Available Under the Willow Canopy 
 
 07/08 Season 08/09 Season 

Site Nov Dec Jan Feb Mar  Apr  Oct/ 
Nov 

Dec Jan/ 
Feb 

Mar  Apr  

Hvy 5a1 2a 4a 4a 8a 23a 7a 3a 6a 13a 8a 

Hsv 9a  6a  10a 26a 6a 17bc 9a 9a 35b 

Evt       9a 22c 33b 41b 30b 

Ker 7a 9b 41b 50b 68c 82c 6a 9ab 45b 19a 41b 

Tar 18b 14c 31b 35b 42b 53b 3a 20c 9a 10a 28b 

1 Within sampling dates, values in the same column followed by the same letter do not differ significantly 
from one another at the 5% level of probability (Fisher’s Protected Least Significant Difference test). 
 

3.1.5.3 Variability 
There was some variability in light levels between trees at a site and between the two positions 
under each tree, generally as a result of a gap in the canopy allowing higher light to reach one 
or two of the sensors on the line quantum meter. In most instances this variability was not 
pronounced enough to influence the interpretation of the results. However, at Tarago in the 
2007/08 season, Trees 5 and 6 were defoliated earlier than the remaining trees (as discussed in 
Section 3.1.2) which resulted in much higher light levels under these trees in January (average 
1188 µmol m-2 s-1) compared with Trees 1 – 4 (average 278 µmol m-2 s-1). The percentage light 
under the canopies of Trees 5 and 6 was 64% in comparison with 15% under Trees 1 – 4. In 
February, light levels were still higher under Tree 5 than Trees 1 – 4, although the regrowth on 
Tree 6 meant that light levels under this tree were similar to Trees 1 – 4. By March, light levels 
under all trees were similar.  
 

 

Key Points: 

�  Fully foliated willow canopies intercepted about 90% of the available light; 

�  Defoliation by willow sawfly increased the light available to the understorey. 
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3.1.6 Temperature 

The highest and lowest daily maximum and minimum temperatures for each month at four sites 
are presented in Table 10 (2007/08 season) and Table 11 (2008/09 season). The average 
maximum temperature and number of days where the maximum temperature reached 30oC or 
more are also tabulated. Graphs of daily maximum and minimum temperatures across each 
season are presented in Appendix 1 for each site. 
 
Two of the sites, Happy Valley and Kergunyah are in north east Victoria and are situated 
approximately 36 km apart. The remaining sites, Healesville and Tarago, are in southern 
Victoria and are approximately 50 km from one another.  
 
In the 2007/08 season, the highest maximum temperatures from December to March were 
recorded at Tarago, ranging from 38.1oC in December to 43.5oC in March (Table 10). 
However, apart from March, the average maximum temperature was greatest at Kergunyah 
over the same period (Table 10). Kergunyah also had the greatest number of days where the 
maximum temperature reached 30oC or more, with 60 days between December and March. The 
highest maximum temperature and the average maximum temperature was generally lower in 
February than in either January or March, and the lowest minimum temperature dropped 
sharply between January and February, particularly in north east Victoria (Table 10). There was 
little discernable seasonal pattern in trends between the temperature variables recorded from the 
sites in north east Victoria as compared with those from sites in southern Victoria. 
 
The highest maximum temperatures were above 40oC at all sites in January and February in the 
2008/09 season, with Kergunyah recording 50 days with a maximum above 30oC across those 
two months (Table 11). From December to March, there were 68 days with a maximum above 
30oC at Kergunyah, but only 20 days at Tarago and 30 days at Healesville (Table 11).  Average 
maximum temperatures were consistently higher in north east Victoria across the season, by up 
to about 5oC, and were highest in January at all sites (Table 11). 
 
 

Key Points: 

�  There were 60 days between December 2007 and March 2008 when the 
maximum temperature at Kergunyah exceeded 30oC, and 68 days in the same 
period in the 2008/09 season; 

�  Maximum temperatures at all sites exceeded 40oC in January and February 
2009; 

�  Sites in north east Victoria had higher monthly average maximum temperatures 
in the 2008/09 season than sites in southern Victoria. 
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Table 10: Minimum and Maximum Temperatures (oC), Average Maximum Temperature 
(oC) and Number of Days with Maxima �  30oC, November 2007 – April 2008 
 

Measure Site Nov1 Dec Jan Feb Mar  Apr 2 

Highest maximum temp (oC) Hvy 33.9 36.9 37.8 30.1 35.1 31.2 

 Hsv na1 37.6 38.8 32.5 38.2 25.8 

 Ker 41.3 35.8 37.0 34.1 36.7 32.9 

 Tar 28.1 38.1 39.2 39.6 43.5 29.0 

Lowest maximum temp (oC) Hvy 19.5 21.1 18.9 20.8 15.9 14.1 

 Hsv na 16.7 18.7 17.5 15.2 15.7 

 Ker 20.9 21.8 19.7 24.5 18.2 15.8 

 Tar 20.6 17.4 18.5 19.5 16.6 16.4 

Highest minimum temp (oC) Hvy 17.4 17.0 19.7 18.3 17.1 19.7 

 Hsv na 17.0 18.0 19.2 19.2 19.9 

 Ker 20.5 17.7 18.9 18.7 15.2 19.5 

 Tar 22.8 17.0 17.4 17.5 16.0 20.2 

Lowest minimum temp (oC) Hvy 8.0 6.4 10.8 4.6 2.3 2.1 

 Hsv na 6.2 6.3 4.7 3.1 3.4 

 Ker 10.0 8.4 12.7 3.5 3.8 2.9 

 Tar 9.9 4.0 6.8 3.4 1.7 2.3 

Average maximum temp (oC) Hvy  27.6 31.9 26.0 26.8 20.6 

 Hsv  26.4 28.8 25.0 27.0 21.6 

 Ker  27.9 32.6 29.0 29.0 23.1 

 Tar  25.7 28.7 27.9 30.4 23.2 

No. days �  30ºC Hvy 8 6 22 1 12 1 

 Hsv na 7 12 5 9 0 

 Ker 6 6 26 13 15 1 

 Tar 0 7 10 9 17 0 

1 Recording of temperature commenced on 14 November 2007 at Happy Valley, Kergunyah and Tarago, and 
on 27 November 2007 at Healesville, hence November data for this site are not included; 

2 Recording of temperature ceased on 27 April 2008 at all sites. 
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Table 11: Minimum and Maximum Temperatures (oC), Average Maximum Temperature 
(oC) and Number of Days with Maxima �  30oC, November 2008 – March 2009 
 

Measure Site Nov1 Dec Jan Feb Mar  

Highest maximum temp (oC) Hvy 29.7 32.4 41.1 43.3 31.3 

 Hsv 31.5 32.2 42.5 45.0 32.3 

 Ker 30.3 35.4 42.0 41.8 33.0 

 Tar 31.0 30.9 41.4 44.8 33.7 

Lowest maximum temp (oC) Hvy 14.9 17.9 24.8 23.7 18.4 

 Hsv 14.2 17.1 17.3 16.6 16.8 

 Ker 16.3 18.2 25.5 23.3 20.5 

 Tar 13.4 16.6 16.9 16.9 18.2 

Highest minimum temp (oC) Hvy 14.9 16.2 19.8 23.1 23.1 

 Hsv 15.5 15.9 20.1 19.2 16.0 

 Ker 16.4 16.6 21.6 23.7 17.1 

 Tar 15.6 14.3 17.9 19.4 17.8 

Lowest minimum temp (oC) Hvy 3.7 4.3 4.6 5.9 2.6 

 Hsv 3.2 4.9 3.2 8.1 5.0 

 Ker 6.2 6.5 6.1 8.1 5.7 

 Tar 3.7 4.4 3.1 6.3 4.3 

Average maximum temp (oC) Hvy 23.1 26.0 33.1 31.8 26.2 

 Hsv 21.5 22.8 29.6 28.4 24.4 

 Ker 24.2 27.4 34.6 32.7 28.0 

 Tar 20.2 21.8 28.2 26.6 24.5 

No. days �  30ºC Hvy 0 6 20 18 4 

 Hsv  1 15 11 3 

 Ker 2 8 27 23 11 

 Tar  1 10 5 4 

1 Recording of temperature commenced in late October at Happy Valley and Kergunyah, and on 12 November 
2008 at Healesville and Tarago and continued until mid April 2009. 
 



20 

3.2 Additional Monitoring Sites 

3.2.1 North East Victoria – Sites With Tree Defoliation  

The numbers of willow sawfly larvae found at the sites in north east Victoria across the 
2007/08 and 2008/09 season are presented in Table 12. High levels of whole tree defoliation 
were observed at the Baranduda, Everton and Kiewa sites on one or more occasions over the 
two seasons. 
 

3.2.1.1 Baranduda  
There was a mixture of young trees and older, large mature black willow trees at the Baranduda 
site. All tree canopies were intact when assessed in December 2007 and February 2008, but in 
April 2008 high numbers of willow sawfly larvae had caused severe tree defoliation. As there 
were few leaves left on the trees for the larvae to eat, many larvae were moving along branches 
and tree trunks to find new leaves. A swarm of larvae had collected at the base of one young 
tree, with the pool of larvae becoming 1-2 cm deep in places. 
 
Although willow sawfly numbers were high again in December 2008 (Table 12), no overall 
tree defoliation was observed. There was some damage on individual leaves. Dieback of some 
lower branches was noted which may have been related to the defoliation event in the previous 
season, or to other factors. No full tree defoliation was observed during the 2008/09 season, 
although low levels of defoliation were noted on the older trees in March 2009.  
 

3.2.1.2 Everton 
The monitoring results relating to the crack willows at this site have been included with the 
intensive monitoring data in Section 3.1 above, and will not be outlined here. 
 
2007/08 
The black willows at this site supported high willow sawfly populations in December and 
January (Table 12), but with minimal defoliation – only one tree was observed with low whole 
tree defoliation in January, while the canopies of the remaining black willows were intact. 
However, whole tree defoliation was severe across all trees in both February and March, and 
high in April.  
 
A similar pattern was observed on the golden willows, with tree defoliation across all trees 
scored as low in January, and increasing to moderate to severe in February, and severe in 
March and April. 
 
Despite lower larval numbers on the purple osier shrubs in comparison with the black and 
golden willows (Table 12), the shrubs had low levels of defoliation in January, and were highly 
defoliated in February, and severely defoliated in March and April. 
 
Defoliation of the weeping willows was first observed in January, when low levels of tree 
defoliation were recorded. By February, defoliation was severe and remained severe for the rest 
of the season. 
 
The lack of foliage precluded larval counts on all willow taxa in March and April. 



  21 

Table 12: Number of Willow Sawfly Larvae Found at Additional Monitoring Sites in 
North East Victoria (mean number of larvae per five minute count period) 
 

 07/08 Season 08/09 Season 

Site Taxa1 Nov Dec Jan Feb Mar Apr Oct Dec Jan Mar Apr  

Baranduda Black  26  40  132  204 17 22 11 

Beech-
worth 

Crack 

Grey 

Poplar 

0 

0 

0 

18 

1 

0 

12 

6 

0 

21 

1 

0 

34 

2 

0 

4 

0 

0 

 8 

2 

0 

2 

1 

0 

0 

1 

0 

6 

0 

0 

Cheshunt Crack 2 7  14  23  10 2  1 

Dederang Golden 0 2  50  63  12  1  

Edi Crack 

Grey 

5 

0 

3 

0 

 1 

0 

 2 

0 

 19 

0 

0 

0 

 1 

0 

Everton Black 

Crack 

Golden 

Purple 

Weeping 

6 

10 

1 

13 

0 

93 

210 

70 

69 

53 

148 

 

121 

37 

58 

52 

64 

20 

46 

13 

  26 

31 

8 

2 

2 

166 

138 

181 

156 

36 

1 

1 

0 

0 

0 

2 

44 

28 

0 

1 

2 

1 

0 

0 

0 

Kiewa Chilean 

Crack 

Poplar 

Weeping 

 

72 

0 

75 

100 

194 

0 

70 

0 

7 

0 

27 

0 

31 

0 

7 

24 

286 

0 

73 

108 

 

0 

93 

 

17 

0 

0 

 

133 

0 

47 

 

4 

0 

0 

 

28 

0 

1 

 

34 

0 

8 

King 
Valley 

Golden 

Poplar 

0 6 

0 

 24 

0 

 53 

0 

     

Leneva Crack 

Pussy 

Weeping 

 52 

9 

7 

 0 

0 

2 

 6 

0 

3 

8 

0 

0 

25 

9 

  3 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 Taxa details: Black willow – Salix nigra; Chilean pencil willow – S. humboldtiana;  Crack willow – S. fragilis; 
Golden willow – S. alba var. vitellina; Grey sallow – S. cinerea; Poplar – Populus spp.; Purple osier – S. purpurea; 
Pussy willow – S. x reichardtii; Weeping willow – S. babylonica 
 
2008/09 
Larval numbers peaked on all taxa at this site in December but were relatively low for the 
remainder of the season (Table 12). This meant that for some taxa, much of the new foliage that 
grew back after the initial defoliation caused by the high willow sawfly populations was not 
consumed and remained healthy and intact through the latter part of the season. 
 
No tree defoliation was evident on the black willows in October and December, but defoliation 
was high in January. By March, new foliage had regrown and defoliation was scored as low. 
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Some defoliation of individual leaves was noted in April, but overall the tree canopies were 
healthy.  
 
The first tree defoliation was observed on the golden willows in January, when it was scored as 
severe. The only foliage on the trees at this time was new growth that was developing as a 
response to the defoliation. Some of this new foliage did survive intact, and although tree 
defoliation was scored as high in March, by April there had been sufficient new growth of 
foliage that no canopy defoliation was apparent, with most leaves looking healthy at that time. 
 
Defoliation of some individual branches on the purple osier shrubs was noted in December, but 
whole canopy defoliation was not evident until January, when it was scored as high. At that 
time, most of the canopy comprised new foliage. Canopy defoliation was noted but not scored 
in March and April because overall plant health was poor, with a number of shrubs having lost 
large amounts of foliage. It is not clear if this poor health was a direct result of willow sawfly 
activity or other factors, such as drought or age of plants, or a combination of various factors. 
 
An extremely heavy rust infestation was evident on the weeping willows early in the season but 
there was limited defoliation as a result of willow sawfly activity throughout the season.  
 

3.2.1.3 Kiewa 
 
2007/08 
The two Chilean pencil willows at this site were in very poor health at the beginning of the 
2007/08 season which made observations of willow sawfly numbers and tree defoliation 
difficult. The trees were not assessed in the 2008/09 season at all. The willow sawfly larvae that 
established on leaves of these willows did not grow as large as those on other willow taxa, 
possibly due to the smaller size of leaves on these trees. High numbers of larvae were found in 
December and April (Table 12) which resulted in damage to individual leaves and limited 
canopy defoliation. High numbers of freshly laid eggs were observed at several assessments, 
with more than 60 eggs recorded on one leaf! 
 
Numbers of willow sawfly larvae were already high on the crack willows in November and 
although no overall tree canopy defoliation was observed, some leaves on several trees had 
been severely damaged. This included midrib defoliation in some cases, where the entire 
lamina (green portion) of the leaf had been consumed, leaving only the midrib of the leaf intact. 
By December, defoliation of tree canopies was evident at this site. The severity of defoliation 
of different trees ranged from low to moderate, with the lower portions of two trees severely 
defoliated. Trees were highly to severely defoliated in January, and all foliage present on the 
trees was regrowth. The lack of leaf material probably contributed to the low larval numbers in 
January (Table 12) and by February there was considerable regrowth of new foliage across all 
trees. However, as willow sawfly numbers increased again tree defoliation occurred, with all 
trees being rated as severely defoliated in March. The trees were not able to successfully 
regrow a new cohort leaves and tree defoliation was still rated as severe in April and in fact all 
the crack willow trees in the study site were scored as having 100% defoliation at this time, 
preventing any counts of willow sawfly population levels. 
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Limited leaf damage was noted on some leaves on the weeping willows in November, despite 
high willow sawfly numbers (Table 12). By December, the trees had low levels of canopy 
defoliation which increased so that in January defoliation was scored as high to severe. Some 
regrowth of foliage was evident at that time which was able to re-establish and remain 
relatively intact in February. However, in March defoliation was again scored as severe, and a 
high level of rust was also noted on these trees. Tree defoliation was still severe in April. 
 
No sign of willow sawfly was found on the poplar trees during the five minute count 
procedures during the season. However, in April, willow sawfly larvae were found on some 
young poplar shoots growing on the riverbank. The larvae had caused some partial leaf 
defoliation on a limited number of leaves. 
 
2008/09 
Canopies of the crack willow trees were healthy and intact in late October, while willow sawfly 
numbers were low (Table 12). However by December, as willow sawfly numbers increased, 
defoliation of whole twigs and branches, particularly in the lower and inner canopy, was 
observed on all trees. In January, most trees were rated as being moderately to highly 
defoliated, with one scored as severely defoliated. The foliage on the trees at this time was a 
mixture of original foliage and regrowth. The lower larvae numbers in the latter part of the 
season (Table 12) meant that much of the regrowth remained relatively intact, with all trees 
rated as being moderately defoliated in March while in April, defoliation scores ranged from 
moderate to high. However, it was noted that several twigs and small branches did not grow 
new leaves after defoliation.  
 
Healthy foliage developed in the canopies of the weeping willows in the early season and no 
willow sawfly defoliation was observed in October or December. However in January, one tree 
was highly defoliated and the second was severely defoliated. There was some limited regrowth 
on the trees. This new growth was still intact in March, when the trees were rated as having low 
to moderate defoliation. There was little impact of willow sawfly on leaf loss in April as the 
natural senescence process had commenced. 
 
No signs of willow sawfly activity were found on any of the poplar trees during the season. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Key Points: 
�  High willow sawfly populations at Baranduda, Everton and Kiewa caused tree 

defoliation; 
�  Willow sawfly defoliated black willows, Chilean pencil willows, crack willows, 

golden willows, purple osiers and weeping willows at these sites; 
�  Poplars were not defoliated by willow sawfly although some very limited leaf 

damage was noted on leaves of young poplars at Kiewa in April 2008; 

�  Tree defoliation was more severe in 2007/08 than in 2008/09. 
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3.2.2 North East Victoria – Sites Without Tree Defoliation 

At sites with low willow sawfly numbers, whole tree defoliation did not occur. Only the key or 
noteworthy points from sites will be reported here. 
 
Beechworth 

·  Small willow sawfly population maintained on grey sallow shrubs, with no obvious 
impacts on these plants; 

·  No willow sawfly larvae found on poplar trees. 
 
Cheshunt 

·  Low to moderate willow sawfly numbers resulted in some whole branch defoliation late 
in the 2007/08 season, and again in December 2008; 

·  Severe defoliation of extensive stretches of willows observed < 1 km upstream of 
monitoring site in summer 2009, indicating that high levels of willow sawfly had 
developed in the vicinity. 

 
Dederang 

·  Population levels high enough in late 2007/08 season to cause low levels of individual 
leaf damage, with trees scored as having very low overall canopy defoliation. 

 
Edi  

·  No willow sawfly found on grey sallow shrubs throughout the two seasons. 
 
King Valley 

·  Moderate willow sawfly population maintained but no tree defoliation; 
·  Tree defoliation had occurred at this site in the 2005/06 season, but not in 2006/07; 
·  No willow sawfly larvae found on poplar trees. 

 
Leneva 

·  Moderate numbers of willow sawfly on crack willow which only caused damage to 
occasional leaves; 

·  Small willow sawfly population maintained on pussy willows, with no obvious impacts 
on these plants; 

·  Tree defoliation noted in both seasons in willows about 1 – 2 km from site, in a north-
easterly direction, indicating that high populations of willow sawfly had developed in 
the vicinity. 

 

3.2.2 Southern Victoria  

Populations of willow sawfly did not develop to high levels at three of the sites monitored in 
southern Victoria in the 2007/08 season – Chirnside Park, Loch and Wandin (Table 13). Old 
eggs and holes in leaves were found at all sites, in addition to the very low numbers of larvae 
found in the five minute counts at the Chirnside Park and Loch sites, but the insect did not have 
any impacts on any of the willows assessed across the season at these sites.  
 
At the remaining site, at Poowong, severe defoliation of several trees in the vicinity had been 
observed in March 2007, particularly along about 150 m of Pheasant Creek (Ede et al. 2007). 
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In December 2007, the canopies on these trees were generally healthy and well developed. 
However, by February 2008 tree defoliation was rated as high to severe and willow sawfly 
numbers were high (Table 13). Tree defoliation was still high to severe in mid-April, and there 
was insufficient accessible leaf material to undertake population counts. 
 
Table 13: Number of Willow Sawfly Larvae Found on at Additional Monitoring Sites in 
Southern Victoria (mean number of larvae per five minute count period) 
 

  07/08 Season 

Site Taxa1 Dec Feb Apr 

Chirnside Park Crack 

Grey hybrid 

2 

0 

0 

0 

1 

0 

Loch Crack 0 0 1 

Poowong Crack 10 65  

Wandin Crack 

Grey 

0 

0 

0 

0 

0 

0 
1 Taxa details: Crack willow – S. fragilis or the hybrid S. x rubens; Grey sallow – S. cinerea or hybrid 

 
 
 
 
 
 
 
 

 

 
 

 

3.3 Extent of Tree Death 

Individual branches were assessed on the first tree at the Kiewa site, but for the remaining trees, 
overall tree assessments were made. For individual branch assessments, the proportion of live 
smaller branches and twigs was estimated. Smaller branches had a diameter between 1 cm and 
10 cm, while twigs generally had a diameter less than 1 cm. 
 
There was very limited change in the extent of branch death between October 2007 and 
October 2008 (Table 14), with only small increases in dead branches observed at Kiewa. 
Overall tree health appeared to improve over the assessment period at Kergunyah which may 
have been due to the loss of dead limbs between assessments; an increase in the growth of new 
epicormic shoots as a response to the defoliation caused by willow sawfly; and/or the fact that 
the assessments were undertaken 10 days later in 2008 than in 2007 which may have resulted in 
greater canopy development at the time of the 2008 assessment. 
 

Key Points: 
�  In north east Victoria low willow sawfly populations were maintained on some 

grey sallow and pussy willow shrubs but had no impact on these plants; 
�  Low to moderate willow sawfly populations caused some branch defoliation at 

Cheshunt and Dederang but not at King Valley or Leneva; 
�  No willow sawfly were observed on poplar trees at Beechworth or King Valley; 
�  In southern Victoria willow sawfly populations only developed to sufficient 

levels to defoliate willows at Poowong. 
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Table 14: Change in Extent of Branch Death and Tree Health Between October 2007 and 
October 2008 
 

Tree and Branch October 2007 October 2008 

Kiewa   
Tree 1 Br 1 7 smaller branches dead 10 smaller branches dead 
Tree 1 Br 2 6 smaller branches dead 7 smaller branches dead 
Tree 1 Br 3 > 80% live 70% live 
Tree 1 Br 4 80% live No change 
Tree 1 Br 5 80% live No change 
Tree 1 Br 6 Dead No change 
Tree 1 Br 7 Almost 100% live 95% live 
Tree 1 Br 8 90% live No change 
Tree 2 80% live No change 
Tree 3 90% live No change 
Tree 4 10% live - unhealthy 20% live - unhealthy 
Tree 5 60% live No change 
Tree 6 60% live No change 
Tree 7 80% live No change 

Kergunyah   
Tree 1 40% live 60% live 
Tree 2 50% live 80% live 
Tree 3 80% live 90% live 
Tree 4 30% live 20% live 
Tree 5 80% live 90% live 
Tree 6 70% live No change 

 
Dieback of twigs and small branches was common on the trees at Kiewa, but occurred less 
frequently on the trees at Kergunyah. The trees at Kergunyah were older, larger trees and 
several large dead branches remained in the tree canopies throughout the assessment period. At 
this site the ends of many older branches were dead, particularly on Tree 1. 
 
It is also worth noting that at this site, one of the trees used for intensive monitoring in the 
2006/07 season had suffered so much dieback that it was not suitable for inclusion in the 
monitoring program in subsequent seasons. This tree was severely defoliated by willow sawfly 
in 2006/07. 
 
Undertaking this visual assessment of branch death across whole tree canopies was difficult, 
particularly as the dieback of branches is a feature of willow trees as they age, and the results 
presented here are based on estimates which are subjective. Despite these limitations, these 
results do reflect the observations at several sites that repeated defoliation of willows by willow 
sawfly can lead to the extensive dieback of both small and large branches. However, no whole 
tree death has yet to be observed at any of the sites included in this study.  
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        Digital image for tree canopy density analysis, defoliated tree Kergunyah, March 2008 
 

 
       Defoliated willows at Kergunyah, March 2008 

Key Points: 
�  Dieback of small and large branches frequently occurs on willow trees 

defoliated by willow sawfly; 
�  However, there was little change in the extent of branch death or overall tree 

health in trees at Kergunyah and Kiewa assessed in October 2007 and again in 
October 2008. 
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Section 4: Synthesis 

4.1 Willow Sawfly Population Levels 

4.1.1 Sites With Low Populations 

All the sites monitored in this study had at least low levels of willow sawfly in both seasons. At 
the two intensively monitored sites with low population levels, Happy Valley and Healesville, 
willow sawfly has been present in low numbers since at least the 2006/07 season (Ede et al. 
2007) and may even have been at these sites prior to the commencement of monitoring. Less 
than ten larvae were found during the 5 minute counts at all assessment dates over the two 
seasons reported here at both sites, except in March 2008 when numbers were somewhat higher 
(Table 4). Low willow sawfly populations were also maintained over both seasons at several of 
the additional monitoring sites (Table 12). At sites with low population levels, willow sawfly 
has no impact on willows. 
 
These results indicate that willow sawfly can maintain very small populations at a site over at 
least three seasons, indicating that either individuals successfully over-winter on site or that re-
introduction of willow sawfly to the site occurs each season. There are no obvious reasons why 
these populations have not developed to the high levels seen at other sites. Environmental 
factors such as temperature and water availability do not appear to be different from other sites 
and there are no obvious factors relating to willow tree health or vigour that would prevent the 
development of large willow sawfly populations. There are also no obvious differences in the 
population levels of potential willow sawfly predators, such as birds or predatory insects, 
between these sites and those with high willow sawfly populations.  
 
It is particularly intriguing that the population of willow sawfly at the Happy Valley site has not 
developed to a greater extent because many areas of willows within a radius of a few 
kilometres of the site have been defoliated by willow sawfly.  
 
It is unclear whether populations at these sites will remain low over coming seasons and not 
ever develop to high levels, or whether the lag period in population development at these sites 
is slower than at other sites. It is possible that the lag period is similar to other sites, and that 
willow sawfly has been present at other sites for much longer than previously thought. As no 
monitoring of willow sawfly was undertaken prior to the 2005/06 season, it is not possible to 
determine when willow sawfly populations first established at sites that now support high 
populations. However willow sawfly populations have developed to high levels at sites such as 
Everton which had similar population levels to Happy Valley and Healesville in the 2006/07 
season (Ede et al. 2007), which suggests that at some sites at least, low willow sawfly numbers 
can rapidly escalate. 
 

 

Key Points: 
�  Willow sawfly was present at all monitoring sites; 
�  Low willow sawfly populations were maintained at several sites; 
�  Low willow sawfly populations had no obvious impact on willows; 
�  There were no obvious factors that enable prediction of an escalation in the 

willow sawfly population at a site. 
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4.1.2 Sites With High Populations 

Willow sawfly populations were high at the Baranduda, Everton, Kergunyah and Kiewa sites 
over both the 2007/08 and 2008/09 seasons, with 5 minutes counts of more than 100 larvae 
recorded at least once per season at these sites (Table 4 and Table 12). High willow sawfly 
levels were also recorded at Tarago in the 2007/08 season. Willow sawfly populations had been 
high at Tarago in the 2006/07, and at the Kergunyah and Kiewa sites in both 2005/06 and 
2006/07 (Ede et al. 2007). However, willow sawfly levels at Everton were low in the 2006/07 
season. 
 
Of the additional monitoring sites in southern Victoria, willow sawfly populations only 
developed to high levels at Poowong (Table 13).  
 
At these sites, high willow sawfly populations developed on several willow taxa, including 
black willow, Chilean pencil willow, crack willow, golden willow, purple osier, S. x rubens and 
weeping willow. 
 
These high willow sawfly populations resulted in tree defoliation at all sites. However, high 
population levels were not sustained right through each season, as numbers of larvae fluctuated 
over time with the supply of foliage on which to feed. Population levels were generally highest 
in early summer (December to January). 
 

4.1.3 Intermediate Sites 

There were some additional monitoring sites which either had relatively low levels of willow 
sawfly but exhibited some minor defoliation or which had moderate willow sawfly numbers at 
some assessment date/s. 
 
At Cheshunt in the latter part of the 2007/08 season, some branches and twigs had been 
completely defoliated by willow sawfly (Section 3.2.2) despite relatively low numbers of larvae 
– 14 in February and 23 in April (Table 12). At other sites, such low numbers of larvae were 
insufficient to cause any obvious twig or branch defoliation. However, the population may have 
been higher in the period between assessments which would have contributed to the level of 
defoliation observed at this site, particularly as nearby willows were extensively defoliated in 
summer 2009, indicating that willow sawfly populations in the vicinity are high. 
 
In the 2006/07 report (Ede et al. 2007) it was noted that willow sawfly population levels 
appeared to exist only in a binary state – either low or high. However, in the 2007/08 and 
2008/09 seasons, intermediate populations were recorded at Dederang, King Valley and Leneva 
where 50 or more larvae were found per count on one or more occasions (Table 12). At 
Dederang this resulted in some very limited defoliation (Section 3.2.2) but at the King Valley 
and Leneva sites, only isolated leaf damage was observed and no defoliation of branches or 
twigs was noted. Thus intermediate populations of willow sawfly may cause some limited 
defoliation but extensive defoliation does not appear to develop unless willow sawfly 
populations reach high levels. 
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4.1.4 Population Thresholds 

It would be useful for managers to be able to predict the likelihood of tree defoliation at a site 
early in the season if planned management may be influenced by defoliation. These activities 
could include revegetation or control measures such as stem injection, discussed in Section 6. 
 
Results from this study indicate that if numbers of willow sawfly larvae are greater than 100 
(per five minute count), then tree defoliation is highly likely to occur. But it does not seem 
possible to accurately predict the likelihood of populations developing to these levels from 
counts of larval numbers undertaken very early in the season. For example, in Oct/Nov in both 
seasons, between 10 and 31 larvae were found at Everton and Kergunyah. By December, 
willow sawfly numbers had increased exponentially and tree defoliation followed. In 
comparison, at Tarago in November 2007 a count of 38 larvae was the precursor to a rapid 
increase in willow sawfly numbers and subsequent defoliation whereas a count of 23 larvae in 
November 2008 did not precede the development of a high population and no defoliation 
occurred at this site in that season (Table 4). Similarly 52 willow sawfly larvae were found at 
Leneva in December 2007 but numbers declined steeply during the season, while at Baranduda 
there were 26 larvae in December 2007, and numbers increased through the season to such a 
level as to cause defoliation (Table 12). 
 
From this it is possible to conclude that if numbers of larvae found during a 5 minute count are 
high early in the season, then defoliation is likely to occur. But if numbers are moderate 
(between approximately 10 – 60 larvae per count) then it is not possible to predict whether or 
not the population will develop to the levels required to cause tree defoliation. 
 
 

 
 
4.1.5 Differences Between Seasons 

The patterns of willow sawfly population development and tree defoliation were similar at the 
monitoring sites in 2006/07 (Ede et al. 2007) and in 2007/08, with those trees which were 
defoliated by willow sawfly generally not able to redevelop a full canopy in the latter part of 
the season due to the activity of willow sawfly.  
 
However, in the 2008/09 season, high willow sawfly populations were not sustained at sites in 
the latter part of the season and were particularly low in January (Table 4 and Table 12). This 
allowed tree canopies to recover although some trees were defoliated again later in the season. 
At Tarago and at the Campaspe River site used in the management trials (Section 6.2), there 
was no tree defoliation at all over the season as willow sawfly populations remained very low. 
This was despite high population levels in the previous season which led to extensive tree 
defoliation at both these sites. 

Key Points: 
�  High willow sawfly populations developed at some sites, causing tree defoliation; 
�  Branch defoliation and limited leaf damage occurred at some sites with low to 

moderate willow sawfly populations; 
�  It is not possible to predict which willow sawfly populations will develop to high 

levels from numbers of larvae counted very early in the season. 
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It is unclear why willow sawfly populations were much lower in the 2008/09 season, 
particularly at sites in southern Victoria. The average maximum temperature was about 4oC 
lower at Healesville and Tarago in December 2008 compared with December 2007, and was 
lower than at Happy Valley or Kergunyah in December 2008 (Table 10 and Table 11). 
However, it is unlikely that the temperatures recorded at Healesville and Tarago were 
sufficiently low as to prevent development of willow sawfly populations and the overnight 
minimum temperatures were also not likely to affect willow sawfly development. An initial 
analysis of rainfall patterns from October to December at Tarago over both seasons also failed 
to explain the low willow sawfly populations. 
 
High willow sawfly activity in one or two seasons followed by a decline in activity in 
subsequent seasons has now been recorded from a small number of sites, including the 
Campaspe River and Tarago sites. Defoliation of the golden willows at the King Valley site in 
north east Victoria was evident in the 2005/06 season, but willow sawfly populations there 
failed to reach levels sufficient to cause defoliation in the following two seasons.  
 
The decline in willow sawfly populations across seasons may be due to a number of factors, 
both environmental and biological but insufficient information is available to determine the 
most likely causes. Although climatic factors such as temperature and rainfall in south eastern 
Australia are unlikely to be limiting to population development, it is possible that high water 
levels during winter could adversely affect willow sawfly population development the 
following spring. Many of the over-wintering cocoons are found in the soil and litter layers 
under the willows, and a high flow or flood event has the potential to either kill the larvae 
inside the cocoons or to wash the cocoons off-site, thus limiting the number of individuals that 
are available to recolonise the site in spring.  
 
Some sites may have higher levels of potential predators such as birds or predatory 
invertebrates, or parasites or pathogens which could cause mortality of willow sawfly. 
However, as limited evidence of predators, parasites or pathogens has been found to date, it 
does not seem very likely that these biotic factors are controlling willow sawfly populations. It 
is also possible that willows that have been defoliated by willow sawfly produce a range of 
secondary plant metabolites in their foliage as a protection against further herbivory. However, 
this does not explain why severe defoliation has occurred at some sites for the past four seasons 
and trees at other sites experienced severe defoliation for two seasons before the decline in 
willow sawfly numbers. There are a number of other reasons why insect populations go 
through boom and bust cycles, but without a better understanding of the various factors driving 
willow sawfly population development, it is not possible to explain the observed population 
fluctuations with any level of certainty.  
 

 

Key Points: 
�  Patterns of willow sawfly population development and tree defoliation in 

2007/08 were similar to those observed in 2006/07; 
�  However in 2008/09, populations of willow sawfly did not develop at sites in 

southern Victoria where populations had previously been high, such as Tarago; 
�  The reasons for this are unclear, as several environmental and biological factors 

can influence population development. 
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4.2 Impacts of Willow Sawfly on Willows 

4.2.1 Tree Defoliation  

The most immediate and obvious impact of high willow sawfly populations on willow trees is 
defoliation. There appear to be no obvious impacts of low population levels on willows. 
 
Tree defoliation can occur as early as November (Ede et al. 2007) or December (Table 6). At 
this stage of the season, the larvae are consuming the foliage which developed initially in 
spring. Most trees respond to this defoliation by developing new leaves. If numbers of willow 
sawfly larvae either remain high or increase to high levels after the initial defoliation, these new 
leaves are consumed by larvae and it becomes very difficult for new foliage to fully develop. 
This scenario was observed at Kergunyah in the 2007/08 season where trees exhibited low 
levels of defoliation in January which increased to severe levels in February. High willow 
sawfly numbers meant that defoliation was severe for the remainder of the season (Table 6), 
with tree canopy density declining to 2% in March (Table 7). 
 
However, if willow sawfly numbers are not maintained at high levels, then after an initial 
defoliation the new foliage can develop to reform a full canopy, which may be defoliated later 
in the season if population levels increase. This cyclical pattern of defoliation and regrowth of a 
new canopy has been observed in other countries (Ede 2006), but a strong cycle of defoliation 
and refoliation was not evident at sites monitored in Victoria in 2006/07 (Ede et al. 2007) or in 
2007/08. However, in 2008/09 willow sawfly numbers were not maintained in the middle of the 
season and so trees at Everton, Kergunyah and Kiewa which were defoliated in December and 
January regrew new foliage which was maintained until later in the season, when a second 
defoliation event resulted in the defoliation of some trees at these sites (Table 6 and Table 12). 
 
It is unclear what factors influence the maintenance of willow sawfly populations during the 
season. In order for larval numbers to be high enough to limit canopy refoliation, there needs to 
be sufficient willow leaf material on which the adults can lay their eggs. Adults are capable of 
flying some distance between trees and each can lay approximately 50 eggs (Ede 2006), so 
reinfestation of a tree from nearby trees is highly likely, particularly if the timing of defoliation 
varies between trees. It has been observed that often multiple eggs are laid on the new leaves 
that regrow after a defoliation event and many of the new leaves are rapidly consumed as 
numerous larvae hatch on each leaf. 
 
It is possible that the occurrence of a strongly cyclical pattern of defoliation and refoliation, as 
opposed to the pattern of continuous defoliation, results from a steep decline in willow sawfly 
numbers across the site or wider area and that it takes some weeks for the population to rebuild. 
That this cycle occurred in 2008/09 but was not obvious in the 2006/07 or 2007/08 seasons is 
puzzling. There were no obvious environmental or biological differences between the seasons 
that would explain a cyclical pattern in one year and a continuous pattern in the preceding two 
years. Analyses of temperature and rainfall data have not provided any possible explanations 
for the observed patterns. Although temperatures in late January 2009 were extreme for a 
period of several days, and peaked again in early February, the decline in willow sawfly 
populations at sites preceded these high temperatures. It is possible that the extreme weather 
hindered population development, but it did not cause the decline in willow sawfly populations. 
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4.2.2 Tree Canopy Density, Leaf Area and Light Levels 

The tree canopy density of fully foliated willow trees, as measured by the digital image 
technique, was generally greater than 70% (Table 7). Canopy density was maintained 
throughout the season on trees which were not defoliated (Fig. 2 and Fig. 3), and declined later 
in the season due to natural senescence. As would be expected, defoliation by willow sawfly 
resulted in decreased canopy densities and in decreased leaf areas, although variation between 
leaf area samples was much greater (Table 8) than for tree canopy analysis. 
 
Dense willow canopies were able to intercept at least 90% or more of the available light (Table 
9), particularly under conditions of high light. Light levels underneath the willow canopy at 
some sites were so low as to be limiting for photosynthesis for all but the most shade-tolerant 
species. As defoliation increased and tree canopy density decreased, light levels in the 
understorey increased, although some light was still intercepted by branches and the tree 
trunks. The defoliation, tree canopy density and light level data for Kergunyah in 2007/08 best 
illustrate this relationship (Tables 6, 7 and 9). 
 
The relationships between tree canopy density and willow sawfly populations are illustrated in 
Fig. 2 and Fig. 3. At Kergunyah (both seasons) and Tarago (2007/08 only), tree canopy 
densities remained as high in December as in November, despite increases in willow sawfly 
numbers and it wasn’t until January that tree canopy densities started to decline. In the 2007/08 
season, willow sawfly numbers peaked in January but remained sufficiently high to prevent 
canopy redevelopment at both sites, whereas in 2008/09, the decrease in willow sawfly 
numbers at Kergunyah was sufficient to allow the canopy to redevelop to some extent. In 
contrast, there was limited redevelopment of the canopy in trees at Everton in 2008/09, despite 
a sharp decline in willow sawfly numbers, and a number of trees at this site were in very poor 
health at the end of the season, with extensive branch death. 
 

 

 
 
 

Key Points: 
�  High willow sawfly populations caused subsequent defoliation of willow trees; 
�  Trees responded by developing new foliage, particularly if defoliation occurred 

early in the season; 
�  The survival of regrowth depended on subsequent willow sawfly numbers, with 

high numbers of larvae preventing redevelopment of a full canopy; 
�  Discreet cycles of defoliation and refoliation were more obvious in the 2008/09 

season than in previous seasons as willow sawfly numbers declined mid-season, the 
reasons for which are unclear; 

�  The decline in willow sawfly numbers in 2008/09 preceded the extremely high 
temperatures experienced in late January and early February; 

�  Defoliation decreased tree canopy density and leaf area, and increased light 
available to the understorey. 
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Figure 2: Willow sawfly population levels and tree canopy density at Happy Valley, 
Kergunyah and Tarago in the 2007/08 season
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Figure 3: Willow sawfly population levels and tree canopy density at Happy Valley, 
Kergunyah and Everton in the 2008/09 season 
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4.2.3 Tree Death 

In Victoria it is not yet possible to ascribe any willow tree deaths to the impacts of willow 
sawfly alone. This is despite repeated, severe defoliation of trees at some sites in north east 
Victoria over each of the past four seasons. Under similar circumstances in New Zealand and 
elsewhere, willow tree deaths were reported (Ede 2006). 
 

Death of twigs, small branches and larger branches has been observed on numerous trees 
repeatedly defoliated by willow sawfly, at several sites. However there was very little change in 
extent of branch death in trees at two sites specifically assessed for this factor in October 2007 
and again in October 2008 (Section 3.3, Table 14). These trees will be assessed again in 
October 2009 to determine if additional changes have occurred over the 2008/09 season.  
 

It is difficult to separate the impacts of willow sawfly on branch death and tree health overall 
from other impacts on tree health, particularly the prolonged drought and tree age at some sites. 
A number of the trees monitored at sites in north east Victoria are relatively old and so the 
death of larger branches may be a result of age rather than willow sawfly impacts. However at 
these same sites, younger trees are also exhibiting branch dieback which is unlikely to be age-
related and more likely to be a direct result of willow sawfly activity. 
 

It is unclear why repeated defoliation by willow sawfly has not yet resulted in willow tree 
deaths in Victoria when similar outbreaks of willow sawfly caused the deaths of willows in 
other countries. It is possible that willow trees in the Australian environment are better adapted 
to harsh environmental conditions (such as periodic droughts) and so are better able to 
withstand the effects of repeated defoliation. However there is currently no evidence to support 
or refute this hypothesis and alternative hypotheses may better explain this outcome. 
 

The ongoing survival of willow trees despite repeated defoliation by willow sawfly has a 
number of management implications. It means that it is unlikely that large areas of willows will 
be quickly killed by willow sawfly infestations. For managers of larger waterways where 
willows continue to play an important role in bank stabilisation, this finding provides some 
assurance that even if willow sawfly populations do establish in those willows, that it will 
probably take a number of seasons before significant tree death occurs, if it occurs at all. 
 

However, it must also be recognised that although extensive tree death has not yet occurred as a 
result of willow sawfly infestations, it cannot be ruled out in the future. It is also important to 
recognise that any decline in tree health is likely to result in a decline in root biomass and the 
ability of willows to maintain bank stability under high flows. As well, the death of larger limbs 
may result in fallen debris which can have both health and safety implications, and impacts on 
downstream infrastructure. It is also possible that willow sawfly is having an impact on the 
reproductive potential of willows in the landscape, particularly in seed production, but no data 
have been collected to assess this impact. 
 
 
 
 
 

Key Points: 
�  It is not yet possible to ascribe any willow tree deaths in Victoria solely to the 

impacts of repeated defoliation by willow sawfly; 
�  Willow sawfly defoliation has caused the dieback of small and large branches on 

numerous trees, and may affect root functioning and reproduction. 
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4.2.4 Impacts on Different Willow Taxa 

Willow sawfly has caused the defoliation of a number of willow taxa at different sites: 
 Black willow    S. nigra 

Chilean pencil willow   S. humboldtiana 
 Crack willow    S. fragilis 
 Crack x golden willow  S. x rubens 
 Golden upright willow  S. alba var. vitellina 
 Golden weeping willow  S. x sepulcralis var. chrysocoma 
 Purple osier    S. purpurea 
 Tortured willow   S. matsudana ‘Tortuosa’ 
 Weeping willow   S. babylonica 
 
Of these taxa, all but the purple osier are tree willows. Purple osiers are small shrubs, and are 
present at only one of the monitoring sites (Everton). At this site in 2006/07, willow sawfly 
levels on the purple osier were low (Ede et al. 2007), but in the 2007/08 and 2008/09 seasons 
population levels increased sufficiently to cause extensive defoliation (Section 3.2.1.2). 
 
Small populations of willow sawfly have persisted two other shrub species – grey sallow (S. 
cinerea) and pussy willow (S. x reichardtii) at sites in north east Victoria (Table 12). However, 
despite their presence on these plants over three seasons, there has been no noticeable change in 
willow sawfly population levels and no impact of willow sawfly on these willows. 
 
These results confirm the findings in other countries that willow sawfly prefers tree willows 
over shrub willows and that purple osier is the only shrub willow which appears to be 
susceptible to willow sawfly (Ede 2006). 
 
The likelihood of defoliation of the different taxa at sites appeared to be most strongly tied to 
overall willow sawfly populations at the site, with only limited differences in extent and rate of 
defoliation between taxa within a site. Crack willows tended to be defoliated first at sites, with 
weeping willows often being the defoliated later, but this pattern was not strongly expressed 
across the landscape. 
 
 

Key Points: 
�  Tree willow have been found to be more susceptible to defoliation by willow 

sawfly than shrub willows; 
�  Purple osiers are the only shrub taxon to have been defoliated by willow sawfly 

in Victoria, although low willow sawfly populations have been maintained on 
grey sallow and pussy willow shrubs over three seasons. 
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4.3 Conclusions 

Willow sawfly populations and their impacts on willow trees have now been monitored at 
several sites in Victoria over three seasons. From this work, several conclusions can be drawn. 
 

4.3.1 Willow Sawfly Populations: 

·  Willow sawfly is already widespread throughout Victoria; 
·  Low willow sawfly populations have no observable impact on willows; 
·  High willow sawfly populations cause willow tree defoliation; 
·  At sites with high willow sawfly populations, numbers of larvae are generally higher 

earlier in the season than later in the season; 
·  However, it is not possible to predict the likelihood of the development of a high willow 

sawfly population at a site based on numbers of larvae very early in the season; 
·  At some sites, willow sawfly populations can increase from a low level in one season to 

a high level in the following season, resulting in tree defoliation; 
·  Willow sawfly populations can remain low at some sites for at least three seasons; 
·  Willow sawfly populations can be high at a site in one season, causing defoliation, and 

low in the following season; 
·  The factors which control the dynamics of willow sawfly populations both within and 

between seasons, and within and between sites, have yet to be determined. 
 

4.3.2 Impacts of Willow Sawfly: 

·  Defoliation of willows reduces tree canopy density, leaf area and increases the light 
available to the understorey; 

·  If the willow sawfly population remains high across the season, foliage redevelopment 
is limited and canopies may remain defoliated for several months; 

·  Despite four years of repeated, severe defoliation at some sites, no willow deaths in 
Victoria can yet be attributed to willow sawfly defoliation; 

·  Dieback of large and small branches has been observed on trees defoliated by willow 
sawfly at several sites; 

·  It is unlikely that new infestations of willow sawfly will rapidly cause extensive willow 
death, so willow managers have time to determine the most appropriate management 
options in willows affected by willow sawfly; 

·  However, it is likely that repeated defoliation of willows impacts on willow root 
biomass and overall tree health; 

·  Willow sawfly may impact on willow management at a local level but is unlikely to 
significantly change management activities across much of the landscape. 
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Section 5: Willow Sawfly Distribution 
Reports of willow sawfly have been received from a range of on-ground field staff and land 
holders over the past two seasons. Although many of these reports are unverified, the 
descriptions provided with the reports indicate that there is a high likelihood that the reporters 
have correctly identified willow sawfly. In some instances, identification of willow sawfly at 
sites has been confirmed by experts. 
 
The current known distribution of willow sawfly in Australia is provided in Fig. 4. One report 
was received from Albany in Western Australia in March 2009, where a willow sawfly 
population has developed in willow trees in a backyard. Willow sawfly may have arrived there 
on vehicles driven from Victoria, which parked under the willow trees, or from sources 
elsewhere, perhaps even within Western Australia. There are still no reports of willow sawfly 
in Queensland or the Northern Territory, which reflects the paucity of willows in those regions. 
 
The second map (Fig. 5) provides more detail about willow sawfly distribution in south eastern 
Australia and can be directly compared with previous maps prepared at the end of the 2007/08 
season (available on http://www.weeds.org.au/WoNS/willows/) and the 2006/07 season (Ede et 
al. 2007) to illustrate the extent and rate of spread of willow sawfly across the region. 
 
In the past two seasons, there has been little change in the known distribution of willow sawfly 
in South Australia, Tasmania, and the ACT. In the ACT it is possible that willow sawfly had 
already reached its maximum distribution by 2006/07 as this was the first area of the country in 
which willow sawfly was found and it quickly spread across much of the ACT. 
 
In New South Wales, new sightings of willow sawfly have been made between Yass and 
Bathurst over the past two seasons, as well as in the Parkes area, west of Bathurst. There have 
now been confirmed reports of willow sawfly north of Bathurst, to as far north as Glen Innes.  
 
There has been an increase in the number of sites with willow sawfly in central Victoria, 
particularly along the Goulburn River north of Eildon. There are also more sites in Gippsland, 
west of Sale and along the Murray River, east of Wodonga. 
 
These new sightings have only expanded the known distribution of willow sawfly by a 
relatively small extent, and it is possible that the insect is starting to reach its maximum range 
in south eastern Australia. 
 
However, it should be noted that although the information presented in these maps is current, it 
cannot be assumed that willow sawfly is not present elsewhere, as a full search effort has not 
been undertaken and sites where willow sawfly is not found are generally not reported. Reports 
have been most commonly received from New South Wales, ACT and Victoria which may 
reflect the prevalence of willow sawfly in these states or may be a consequence of the extent of 
willow management activities undertaken in these states which result in field staff spending 
more time assessing willows.  
 
There is worth noting that there is considerable variation in the spatial distribution of willow 
sawfly populations across the landscape with some sites sustaining very low populations which 
do not cause tree defoliation while at sites nearby, extensive tree defoliation has occurred as a 
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result of high willow sawfly numbers. This has been seen in north east Victoria on the King 
River around Cheshunt and on Middle Creek, near Leneva. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 4: Known distribution of willow sawfly across Australia as at April 2009 

Key Points: 
�  Willow sawfly has been found in at one site in Albany WA, in south eastern SA 

and in isolated sites in northern Tasmania; 
�  Willow sawfly is common in central and eastern Victoria, ACT, and in central 

and south eastern NSW, with sites also reported in northern NSW. 
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Figure 5: Known distribution of willow sawfly across south eastern Australia as at April 
2009 
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Section 6: Management Trials  
 

6.1 Introduction 

The potential impacts of willow sawfly on willow management activities are of concern to on-
ground managers, particularly in areas where willow sawfly populations develop to levels that 
result in sustained or repeated whole tree defoliation. Although to date there have not been any 
willow tree deaths that can be attributed solely to willow sawfly, it is possible that in some 
areas tree health has been compromised severely enough by willow sawfly that tree death will 
occur in coming seasons. For those trees less affected by willow sawfly, it is still possible that 
willow sawfly could influence the effectiveness of willow control techniques. 
 
Two sets of trials have been developed to investigate the possible impacts of willow sawfly on 
willow management activities, particularly stem injection as that is the management technique 
most likely to be affected by willow sawfly activity. A full report on these trials will be 
produced in July 2010, so only brief details of trial design and preliminary results will be 
reported here. 
 
6.2 Revegetation Trial 
One of the key features of dense willow stands is the very low light levels available for 
understorey plants (Section 3.1.5), often resulting in riparian communities with very low 
species diversity. Because willow sawfly causes tree defoliation during the growing season, 
particularly in summer, light levels under affected canopies increase dramatically (Table 9). 
This increase in light availability has the potential to stimulate the development of a much more 
diverse riparian community, but without careful management, at many sites this is likely to lead 
to increases in weed species. Active intervention to establish desirable species, either by 
planting or direct seeding, is one means to rehabilitate the riparian community and limit the 
expansion of weed populations. 
 
6.2.1 Key Question: 
How can managers maximise the opportunities presented by willow sawfly to establish native 
species in riparian areas? 
 
6.2.2 Trial Design 
Three sites which have extensive stands of crack willow (S. fragilis) along the waterway were 
selected for this trial (Table 15). Trees at two sites (Kiewa River and Campaspe River) had 
been defoliated by willow sawfly in the 07/08 season, while the third (Happy Valley) acted as a 
control site as it had low willow sawfly populations and trees had never been defoliated by 
willow sawfly.  
 
At all sites, the selected trees were placed into two equal sized groups. One group of trees were 
left untreated, while the second group of trees were treated by stem injection in summer 2008. 
These trees were left in situ to provide a simulation of the defoliation caused by willow sawfly. 
At the two sites with high willow sawfly populations it was expected that there would be little 
difference in tree canopies (and hence available light) between those trees which had been stem 
injected and untreated trees, due to effect of willow sawfly defoliation. In comparison, at the 
third site (without high willow sawfly levels) the untreated trees would be expected to maintain 
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a full canopy throughout the growing season which would limit the light available to the 
understorey vegetation in comparison with the stem injected trees.  
 
At all sites, tube-stock of locally indigenous riparian species was planted in plots under four 
stem injected trees and four untreated trees. At two sites where there were sufficient suitable 
willow trees, plots were sown with seed of the same species using hand-broadcasting 
techniques, under another four stem injected trees and four untreated trees. All planting and 
direct seeding occurred in late winter/early spring 2008. 
 
Table 15: Site Details for Revegetation Trial 
 

Site Location Willow 
sawfly 

Stem 
Injected 

Revegetation Untreated Revegetation 

Happy 
Valley 

Ovens,     
north east Vic  

No 8 trees 4 planted 

4 sown 

8 trees 4 planted 

4 sown 

Kiewa 
River 

Kergunyah, 
north east Vic  

Yes 4 trees 4 planted 

 

4 trees 4 planted 

 

Campaspe 
River 

Kyneton, 
central Vic  

Yes 8 trees 4 planted 

4 sown 

8 trees 4 planted 

4 sown 
 
The survival, height and health of seedlings were assessed in December 2008 and April 2009. 
 

6.2.3 Interim Results 

6.2.3.1 Tube stock 
The seedlings planted at the Kiewa River site in winter 2008 grew strongly over the season, 
with the tree species (Acacia and Eucalyptus spp.) averaging more than 1.0 m in height in 
autumn 2009 (Table 16). The shrub species also grew strongly and there was very low 
mortality across this site.  
 
In contrast, many of the plants at the Happy Valley and Campaspe River sites were seriously 
affected by herbivore browsing which prevented strong height growth. The likely culprits of the 
browsing damage were deer (particularly at Happy Valley), rabbits, hares and/or wallabies 
(particularly at the Campaspe River site). The average height of all species across the two sites 
ranged from 20.3 cm – 35.4 cm in April (Table 16), with many plants only growing as tall as 
the tree guard. For several species, browsing had resulted in an overall decline in plant height 
from the time of planting. 
 
Despite this browsing and the very dry summer conditions, plant survival rates were generally 
above 70% at both sites (Table 16). The exception to this was Carex appressa at the Campaspe 
River site where the dry conditions resulted in the loss of almost half these plants. 
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Table 16: Average Height of Seedlings at Planting (Winter 2008) and in April 2009 and 
Plant Survival Rate at Sites in Revegetation Trial 
 

Species Common Name Planting 
height (cm) 

Height in 
April (cm) 

Change in 
height (cm) 

Survival 

Happy Valley      
E. camaldulensis river red gum 54.5 28.4 -26.1 80% 
Acacia dealbata silver wattle 44.2 35.4 -8.8 89% 
Acacia melanoxylon blackwood 14.4 23.6 9.2 94% 
Callistemon sieberi river bottlebrush 24.0 20.3 -3.7 96% 
Melicytus dentatus tree violet 25.1 25.5 0.4 73% 
Kunzea ericoides burgan 30.9 23.5 -7.4 94% 

Kiewa River      
E. camaldulensis river red gum 66.7 161.7 95.0 100% 
Acacia dealbata silver wattle 44.6 173.5 128.9 98% 
Acacia melanoxylon blackwood 30.9 119.9 89.0 93% 
Callistemon sieberi river bottlebrush 31.4 98.1 66.7 100% 
Melicytus dentatus tree violet 26.5 49.9 23.4 93% 
Bursaria spinosa sweet bursaria 37.8 78.2 40.4 95% 

Campaspe River      
E. ovata swamp gum 18.0 22.8 4.8 89% 
E. viminalis manna gum 24.8 28.7 3.9 87% 
Acacia dealbata silver wattle 7.1 21.3 14.2 77% 
Acacia melanoxylon blackwood 43.2 34.8 -8.4 90% 
Acacia retinodes wirilda 44.2 32.0 -12.2 96% 
Carex appressa tall sedge -1 - - 56% 
1 Height of C. appressa was not measured  
 

6.2.3.1 Direct seeding 
Very few seedlings were found in the direct seeded plots. In December at Happy Valley a total 
of 35 seedlings were found across the eight plots, of which 30 were acacia seedlings and five 
were eucalypt seedlings. The heights of these seedlings ranged from 0.5 – 8.8 cm. By April, the 
numbers of seedlings had declined with only four acacia seedlings recorded from the sampling 
quadrats across the eight plots. Seedling heights ranged from 3.5 – 24.0 cm.  Some additional 
acacia seedlings and seven burgan seedlings were observed in the plots, outside of the quadrat 
areas. 
 
Fewer seedlings were observed at the Campaspe River site. In December six seedlings were 
found across the eight direct seeded plots, and all were acacia seedlings. Their heights ranged 
from 2.0 - 7.0 cm. In April, 12 seedlings in total were found across the eight plots; again all 
were acacia seedlings. Their heights ranged from 1.5 - 6.0 cm which indicates that they had 
germinated relatively recently and that none of the seedlings observed in December had 
survived. 
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Although it is unlikely to have had a large influence on the interim results of this trial as 
reported here, it is worth noting that the Campaspe River site did not experience high enough 
populations of willow sawfly in the 2008/09 season for whole tree defoliation to occur. 
Defoliation did occur at the Kiewa River site. Thus although the trial was initially designed to 
compare two sites which experienced defoliation with one site that did not, in the 2008/09 
season the reverse situation occurred. Further assessments of the outcomes of the revegetation 
activities will be undertaken in the 2009/10 season and the extent of tree defoliation will be 
determined at each site during those assessments. 
 

    

  

River red gum (left) and silver wattle 
(below) trees at Kiewa River site,      
8 months after planting 
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6.3 Stem Injection Trials 

When stem injection is used to control willow trees, it is most effective when the bulk of the 
injected herbicide is translocated in the phloem down to the roots where the herbicidal activity 
is expressed, resulting in whole tree death. If the herbicide is translocated upwards into the 
canopy, some branch and canopy death may occur, but whole tree death is unlikely. 
 
In trees defoliated by willow sawfly which are subsequently regrowing new foliage, phloem 
transport is likely to be predominantly in an upward direction, towards the canopy. Stem 
injection at this time is likely to be less effective as herbicide will be transported upwards in the 
plant and less herbicide will reach the roots of the tree. 
 
In order to test the potential impact of willow sawfly defoliation on stem injection efficacy, a 
trial was established to compare the kill rates of stem injected trees which had been defoliated 
by willow sawfly with those which had not be defoliated. Sites in north east Victoria and 
central Victoria which had either black or crack willows were selected for this trial (Table 17). 
 
Table 17: Details of Sites for Stem Injection Trial 
 

River Location CMA Willow 
species 

Willow sawfly 
defoliation 

Stem 
injection 

15 Mile Creek Greta South NECMA Black No Early Feb 

Happy Valley Creek Ovens NECMA Crack No Early Feb 

Kiewa River Kergunyah NECMA Crack Yes Early Feb 

Goulburn River Alexandra GBCMA Crack Yes Late Feb 
 
Stem injection of a second cohort of trees was planned for each of the sites in late autumn to 
compare the effect of natural leaf loss with that induced by willow sawfly on treatment 
efficacy. However, this did not occur partly because willow sawfly population levels were not 
sustained enough to provide sufficient defoliated trees late in the season and partly because the 
February bushfires changed the work priorities of the on-ground staff. This is the reason that 
the Goulburn River willows were stem injected in late February rather than earlier in the 
month.  
 
The efficacy of the stem injection treatments will be assessed in spring 2009. 
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