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Abstract
This paper describes technological and 
institutional changes in moving the mon-
itoring of Queensland fruit fl y and other 
pests undertaken by New South Wales 
Department of Primary Industries from a 
paper to electronic system using bar code 
readers. There were many diffi culties en-
countered in the transition. Some barri-
ers to change were technological includ-
ing upgrading of hardware and software 
to be Y2K compliant. The more diffi cult 
concerns were human based, and includ-
ed the perceived loss of data control, im-
mediate accountability and audit ability, 
and the perceived declining importance 
of fi eld staff in the chain of reporting. Un-
related activities such as the Departmen-
tal upgrade of personal computers and 
the Sydney Olympic Games also caused 
delays in implementation. The compu-
ter based system has greatly improved 
accuracy and effi ciency, accountability 
and audit ability, and allows automatic 
reporting. The implementation would 
have been easier and faster if staff could 
have been dedicated to this program, 
rather than having the process imposed 
onto existing workloads. 

Introduction
Pest monitoring in Australia has been 
used ever since fruit quality of domestic 
or export trade became a concern (Frog-
gatt 1909). When Queensland fruit fly 
(QFF) Bactrocera tryoni (Froggatt) was fi rst 
discovered in Easter Island, there was so 
much concern that it would be introduced 
to Chile that an immediate eradication 
program was implemented (Autter 1977). 
Similarly, the discovery of QFF in Western 
Australia resulted in an eradication pro-
gram to ensure the state remained free of 
the pest (Sproule et al. 1992). New Zealand 
continues to monitor for QFF (Matthews 
1996) in the absence of any endemic fruit 
fl ies. QFF has since been introduced to and 
established in several Pacifi c islands, re-
quiring those countries to monitor for the 
pest (Allwood 2000).

The initial response to fruit fl y detec-
tions was to establish quarantine zones 
around other production areas to prevent 

the introduction of pests (Madge et al. 
1997). Many control strategies were de-
veloped to protect each production area 
including controls on commercial fruit 
consignments (Sproule 1975), protein bait 
sprays (Anon. 1960), cover sprays using 
systemic insecticides (Anon. 1964), male 
annihilation blocks (Jones and Skepper 
1965), roadblocks inspecting vehicles for 
fruit (Dominiak et al. 1998a, 2000a, 2001a), 
community awareness (Marrows and Do-
miniak 1998), and the release of sterile QFF 
(Horwood and Keenan 1994, Dominiak et 
al. 1998b, 2000b).

The Fruit Fly Exclusion Zone (FFEZ) was 
launched in late 1994, following the large 
number of QFF outbreaks in the Riverina 
during 1989, and covered the production 
areas of the Riverina, Riverland, Sunray-
sia and Goulburn Valley in the states of 
New South Wales (NSW), South Australia 
and Victoria (Anon. 1993). Horticultural 
Policy Council (1991) also proposed a uni-
form code of rules to monitor, report and 
manage QFF and these were published in 
1997 (Anon. 1997). This ‘Code of Practice 
for the Management of Queensland Fruit 
Fly’ (COP) states that a monitoring grid 
must be established in fruit fl y free towns 
and orchards, and that any detection of 
wild fl ies must be reported to other states 
and federal authorities within two work-
ing days of detection. This was sometimes 
challenging given some of the constraints 
of fi eld operations and the chain of report-
ing, which was in place before the FFEZ 
became established, and given the nature 
and location of these production areas. 
Additionally the paper based system of 
record keeping and data management 
made the system cumbersome.

The aim of this review is to document 
the changes in technology and the diffi cul-
ties encountered in this signifi cant change 
for data management. This paper reports 
on changes in monitoring and reporting 
of QFF in NSW, particularly of the NSW 
component of the FFEZ. It reviews the 
transition from a paper-based system to 
a bar code reader and the database pro-
gram known as ‘PestMon’. It reviews the 
technological difficulties and changes 
encountered and assesses the impact of 
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those changes, particularly organizational 
change. It also describes the present opera-
tions and predicts future changes. 

Methods and history
Background prior to 1997
The inspection and reporting system for 
fruit fl y monitoring in 1997 was entirely 
paper based. The detections of fruit fl y for 
each monitoring site were recorded on a 
card, one card for each site, with over 450 
sites in the FFEZ. Cards were held in sev-
eral regional centres with no centralized 
repository of data. 

Monitoring sites were grouped into 
‘runs’, each equating to a convenient route 
for the servicing offi cer, with each with a 
‘run book’ listing all site and trap details 
in that run. Site and trap information was 
held only by the servicing offi cer and ac-
curacy of this information could be varia-
ble. Trap runs could not be easily changed 
unless a new book was started.

Most sites had two types of traps (some 
sites also had a third trap) in adjacent trees 
or residences. QFF was monitored by Lyn-
fi eld traps using cuelure as the attractant 
and maldison as the insecticide (Anon. 
1997, Dominiak et al. 2003). Mediterra-
nean fruit fl y (Medfl y) (Ceratitis capitata 
Wied.) although not found in NSW since 
1941, was required to be monitored using 
Lynfi eld traps baited with trimedlure and 
maldison. Following the detection of pa-
paya fruit fl y (Bactrocera papapae Drew & 
Hancock) at Cairns in 1996 (Cantrell et al. 
2002), all sites also used a Lynfi eld trap, 
with methyl euganol and maldison, to de-
tect papaya fruit fl ies (Dominiak 1997).

When a suspect fruit fl y was found in 
a trap, the fl y was sent to Yanco Agricul-
tural Institute (YAI) in the Riverina region 
for identifi cation. If the fl y was identifi ed 
as a wild QFF, the reference entomologist 
advised the trap inspector with a paper 
report. This notifi cation was taken by the 
trap inspector to the senior trap inspec-
tor also at YAI who faxed a separate no-
tifi cation to the co-ordinating inspector at 
Orange Head Offi ce (OHO). The faxed re-
port was sent subsequently to the Fruit Fly 
Co-ordinator in OHO who created another 
report, which was faxed to the Australian 
Quarantine Inspection Service (AQIS) in 
Canberra. The process from detection to a 
report lodged with AQIS was required to 
be completed within two working days for 
the purpose of trade access, particularly to 
export markets. This process was prone to 
transcription errors, given the number of 
reports which were rewritten. 

This line of reporting was fl awed if any 
one offi cer was not available; hence a se-
ries of substitute offi cers had to be in place 
to ensure the reporting chain was main-
tained within the required period. Audit-
ing was possible but was not easy because 
data was kept in several locations. Cap-
turing or summarizing the information 

for trade associated annual reports was 
laborious and time consuming.

There were two organizational changes 
after 1996 within the NSW Agriculture 
(now NSW Department of Primary In-
dustries). The closure of a large research 
institute at Rydalmere (Sydney) resulted 
in the decentralization of entomological 
staff. A second restructure placed policy 
staff, reporting to AQIS about fruit fl y, and 
regulatory staff servicing fruit fl y traps in 
different divisions within the Department 
which made the paper reporting system 
more prone to disruption. 

Changes in 1998/99 season
As a result of these restructures, manage-
ment recognized the need to computer-
ize monitoring records. A database on a 
stand alone computer was developed at 
YAI as an initial move away from the pa-
per based system. In 1996 and 1997, the 
staff at Agricultural Scientifi c Collections 
Unit (ASCU), involved with the fruit fl y 
surveillance data other than the FFEZ, 
logged results into a database at OAI. 
Reconciliation of the two data sets became 
problematic. Other computing issues like 
Y2K (Quiggin 1999, Holt 1999) were also 
impinging upon using computers for data 
management. These concerns lead to the 
development an integrated project for 
data management, decision making and 
reporting. 

It was proposed to establish a database 
specifi cally designed for fruit fl y monitor-
ing using Microsoft Access® on the OHO 
fi le server at Orange and to use the Citrix 
Winframe® ‘Thin Client’ software to allow 
access in the regional areas including the 
fruit growing areas at Griffi th and YAI as 
well as OAI and OHO. This software al-
lowed for multiple users at any time. Ex-
isting traps were assigned new National 
Trap Numbers (NTN) with numbers being 
assigned in groups associated with trap 
runs, and to districts, and these records 
were established on the database.

Y2K compliant bar code readers were 
introduced to collect the information, 
which could electronically download data 
from hundreds of traps into the database, 
replacing manual data entry. Also 2000 
aluminium barcodes (80 × 30 mm with 
anodized black text and barcodes) were 
purchased. Each trap was identifi ed by an 
individual bar code. Separate codes and 
numbers were made for QFF, Medfl y and 
Papaya fruit fl y (PFF) traps. 

During 1998/99 year, all trappings were 
entered manually on the PC based at YAI, 
with no other staff or locations having ac-
cess to the data. There was a double entry 
of detections, both on the paper and data-
base systems, to ensure all data was cap-
tured. A draft ‘Standard Operating Proce-
dure’ (SOP) was prepared, incorporating 
all aspects of trap operation, recording, 
reporting and bar code reading activities.

Changes in 1999/2000 season 
A planning meeting in July identifi ed sev-
eral issues to be resolved. It was envisaged 
that the pest monitoring (called PestMon) 
system could manage data for any pest but 
was to be developed for fruit fl y monitor-
ing initially. The initial PestMon deploy-
ment would be in the FFEZ but it was to be 
eventually deployed throughout NSW. 

There were several levels of user ac-
cess to ensure data integrity. Trap catch 
information was transferred from bar 
code reader to the database via a valida-
tion table to ensure data on the bar code 
reader matched a bar code in the database. 
The draft SOP was further developed to 
describe all activities of fruit monitoring, 
with the PestMon procedures taking a 
smaller role (Walker and Dominiak 1999). 

Sites were established on the database 
and each site was identifi ed by an individ-
ual bar code. Establishing the coordinates 
of sites using GPS began in November 
1999, using WGS84 (GDA94) datum and 
decimal degrees (Dominiak et al. 2001b).

The bar code readers were fi rst used 
in September 1999 and the live testing of 
the system began in November 1999 with 
concurrent access the system from three 
sites (YAI, OHO, and OAI). All software 
for computers and bar code readers was 
checked to be Y2K compliant and this 
checking delayed deployment. No pro-
gramming problems due to Y2K were de-
tected in January 2000. 

In the fi eld, trap inspectors scanned bar 
codes on each trap, followed the menu to 
enter presence/absence of fl ies and any 
trap maintenance performed. At the end 
of a trap run, data from the bar code read-
ers was to be downloaded, validated and 
then imported into PestMon. Following a 
successful importation, the reader could 
be safely purged of data and was ready for 
the next trap run.

All historical data held at OAI was mi-
grated onto PestMon in April 2000. With 
the increasing deployment of the readers 
and of the downloading/uploading op-
eration, there was initial resistance of fi eld 
staff to adopt the new procedures. Griffi th 
and YAI trap inspectors were not upload-
ing data themselves and were still sending 
text fi les to YAI to be uploaded – this was 
an unexpected resistance by trap inspec-
tors. Trap inspectors were again encour-
aged to download data from the bar code 
readers daily. However the new software 
operated slowly in distant locations such 
as YAI and Griffi th and the daily down-
loading was seen as time wasting by fi eld 
staff, particularly as readers could store 
three days worth of trap inspections. Dur-
ing this phase, data was entered onto the 
networked system, and the YAI PC, to en-
sure that no data was lost during testing.

By April 2000, many potential enhance-
ments to the system were identified. 
In May 2000, individual SOPs for each 
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operation were written because the draft 
SOP was considered too large when many 
inspectors only referred to small portions 
of it. Control of trap run information was 
given to senior regulatory offi cers. Vali-
dating data proved a bigger problem than 
expected and a training area was estab-
lished in PestMon to assist new users. This 
required trainee users to establish sites, 
upload data and correct the validation ta-
ble. 

It was intended to stop double entry 
(on the PC and on PestMon) by May 2000 
however this deadline was not met be-
cause trap inspectors did not want to give 
up control of the PC based system and to 
rely entirely on the networked PestMon 
system. There was also continued resist-
ance to download data daily. Following a 
fi nal comparison of the PC database and 
the PestMon system, the PC database was 
closed down in mid June 2000. 

In an unrelated operation, the OHO fi le 
server was upgraded in mid 2000 which 
caused diffi culties and delays in access 
to all users (OHO, OAI, YAI and Griffi th) 
during a critical part of operations. This 
interruption created the illusion that the 
PC based system was better than the net-
worked system and the timing of this up-
grade was particularly unfortunate.

Changes in 2000/2001 seasons
Two major programs were planned to be 
fi nalized during 2000/2001. The fi rst was 
the writing of Standard Operating Proce-
dures in ISO9000 format for all functions 
of PestMon and activities within the trap-
ping grid activities. Field staff were to pre-
pare procedures and OHO staff were to 
fi nalize these.

The second task was to take new GPS 
coordinates for all sites, and review the 
distribution of trap sites to ensure they 
met with the requirements within the 
COP. This included the addition of new 
urban and orchard areas since the last 
review, and the removal of sites from or-
chard areas where all host trees had been 
removed. 

As part of enhancements in July, com-
puter generated reports summarizing all 
identifi cations made at YAI on any day 
were forwarded electronically on the fol-
lowing day to appropriate staff. This pro-
vided information simultaneously to fi eld 
inspectors, eradication supervisors and 
reporting OHO staff on a daily basis. The 
paper reporting system continued in par-
allel while the electronically generated re-
porting was assessed. In August 2000, bar 
code readers were upgraded to a model 
with more memory and a larger screen. 

According to the COP, 31 supplemen-
tary traps must be set around a trap site 
after the detection of two fl ies (and before 
an outbreak is declared at fi ve fl ies) and 
the traps checked twice weekly. Because 
of the large number of outbreaks in the 

1999/2000 year, two different mechanisms 
were included for monitoring trappings in 
supplementary traps. One option was to 
bar code all the additional traps (15 Lyn-
fi eld and 16 McPhail traps) (Dominiak et 
al. 2003) and establish sites in PestMon, 
however this was time consuming when 
traps might be withdrawn after nine 
weeks, or earlier if an outbreak was de-
clared. The second option was a computer 
generated set of 31 traps (these traps were 
not bar coded and not GPS’ed), linked to 
the original NTN. 

Staff training remained an issue with 
reluctance by some staff to do the training. 
This appeared to stem from a reluctance 
to accept responsibility for correcting the 
errors in the validation table, and to do the 
daily downloading/uploading of data. A 
user log was established so that supervi-
sors could monitor the access to the Pest-
Mon training area.

While there was steady progress of de-
ployment, training and acceptance of Pest-
Mon, problems were encountered at some 
locations with inadequate hardware and 
disruptions caused by an upgrade of soft-
ware and departmental PCs. Also these 
arrangements were further slowed by the 
additional staff requirements associated 
with the September 2000 Sydney Olympic 
Games. 

The paper reporting system was dis-
banded in September 2000 and all report-
ing relied entirely on the electronically 
generated reports from PestMon. This al-
lowed eradication teams to focus on control 
activities without having to report identi-
fi cations ‘up the line’. Reporting changed 
from a line system (described early) to a 
satellite system with PestMon reporting to 
all users simultaneously and each user re-
sponding individually (according to their 
duties) without waiting on information to 
be sent or received from other staff. 

In October 2000, an outbreak report 
was added to the identifi cation report. 
This used the decimal degrees from the 
GPS coordinates to calculate the distances 
between traps with fl ies, checked the re-
lated traps within two weeks, calculated 
the number of fl ies within the potential 
outbreak area, and reported an outbreak 
if the rules (based on the requirements of 
the COP) were broken. This report identi-
fi ed each trap, the number of fl ies and the 
distance from other traps with fl ies in the 
immediate area (400 m for towns and 1000 
m for orchards). 

The GPS review project was largely 
completed in November 2000, coinciding 
with the end of activities associated with 
the Sydney 2000 Olympic and ParaOlym-
pic Games. Rather than waiting for the 
FFEZ to be fully deployed in PestMon, 
additional staff in Sydney and north 
coastal areas were trained in the use of bar 
code readers and PestMon. Other NSW 
locations then started to establish sites on 

PestMon and began to transfer all fruit fl y 
monitoring onto PestMon, and to abandon 
paper reporting.

In the Riverina, sterile QFF were re-
leased for the fi rst time in some areas as 
part of the control program resulting in 
about 130,000 sterile fl ies being recaptured 
each year. The large numbers of QFF re-
quired to have a wild or sterile determina-
tion increased dramatically, overloading 
the YAI identifi cation capacity which was 
then centralized at OAI. This then put ad-
ditional stress on the transport system be-
tween the Riverina and OAI (about 300 km 
apart), as identifi cations were still required 
to be made and reported within two work-
ing days of detection and required new 
protocols with courier services.

In January 2001, some trap inspectors 
were still not doing daily downloads con-
sistently, despite considerable efforts by 
management staff. Until now, most reports 
were as a result of a specifi c query on the 
database and there was no capacity to alter 
set reports. In February 2001, a Microsoft 
Excel® pivot table was developed for the 
fl ies caught report which allowed the data 
to be manipulated without running an en-
tire new report.

Changes after 2001 
PestMon was designed to be used to 
monitor any pest, and particularly incur-
sion pests. The system has been deployed 
throughout NSW to provide a monitor-
ing and management tool. Enhancements 
have been added as new requirements are 
needed. Barcode readers were again up-
graded in 2004. 

There are other potential changes as 
new technologies become available. De-
tections of suspect pests could be down-
loaded immediately using palmtop com-
puters, linked to bar code reader and satel-
lite communications. The weakness in the 
current system is the time taken to send 
the suspect pest by courier to an identi-
fi cation expert. This might be overcome 
by incorporating a digital camera and the 
image sent via satellite to the identifi ca-
tion centre. Identifi cations could be made 
almost immediately, assuming the camera 
could capture the required detail. Alter-
natively a remote sensing device could 
be developed to indicate the traps which 
contain a sample.

Discussion
There were many impediments to change. 
One major issue is that, no matter how 
apparently important and how keen par-
ticipants are, a signifi cant change to any 
system takes more time than originally 
envisaged.

The institutional changes required were 
signifi cant while the technological chang-
es are generally less signifi cant. There are 
a number of issues that caused the rate 
of adoption or change to be slower than 
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planned. Most of these signifi cant changes 
are seen as ‘taking too much time’ to learn 
or adopt. Unfortunately implementation 
tasks are usually added to existing work-
loads and invariably, routine daily tasks 
take priority over these projects and im-
plementation progress slows even further. 
Different staff in different locations have 
different jobs with different priorities. 
Different staff also had different levels of 
computer familiarity. So it seemed that a 
proportion of the team is always deliver-
ing outcomes more slowly than the rest of 
the team, further slowing the momentum 
of a uniform implementation. While these 
are generalized comments, there are some 
specifi c impediments to the implementa-
tion. 

The change from a paper based system 
to electronic was a signifi cant change in 
work tools and work procedures. While 
many trapping staff claimed to support 
the transition, they resisted many steps. 
The change to downloading bar code 
reader information on a daily basis took 
a huge management effort. We found fi eld 
staff were very uncomfortable with being 
instantly accountable or auditable by a su-
pervisor in a distant location. This level of 
accountability was not present in a paper 
based system.

The subsequent change of the trap in-
spector being responsible for their own 
work, for correcting the validation table, 
and for uploading valid data into PestMon 
was another major change in mindset, 
which took considerable time to change. 
This change of mindset was also reported 
by Mansell (2002). Many trap inspectors 
were older and less computer literate and 
this circumstance contributed to the resist-
ance to change. 

Resistance to change, such as the loss of 
control from the card records to the YAI PC 
and then the movement from the YAI PC 
to the networked system, by some region-
al staff was a major hurdle to overcome. 
This step was possibly seen as a loss of 
control of records by some inspectors. The 
fact that the identifi cations could be seen 
by any user also meant that the critical role 
of reporting positive identifi cations was 
seen as a loss of status by some inspectors. 
Mansell (2002) also found that data was 
often zealously guarded and not shared.

Unrelated events caused the most sig-
nifi cant delays in the development and 
adoption of PestMon. Departmental re-
organization caused regular communica-
tion problems and diffi culties in the ‘line 
of command’. Software and hardware 
upgrades also disrupted critical parts of 
PestMon implementation. Similarly, re-
quirement to comply with the demands of 
Y2K and commitments to the 2000 Sydney 
Olympic Games was a further interference 
with staffi ng and training. 

The taking of GPS co-ordinates also 
took more time than expected. Eventually, 

one fi eld staff was given the job as a prior-
ity and the revision progressed quickly. 
In hindsight, the overall implementation 
would have proceeded more quickly if a 
small core of staff could have been dedi-
cated to all tasks. Vreysen (2005) and 
Mansell (2002) also identifi ed the value of 
GPS data to provide accurate information 
to control or surveillance managers.

PestMon has proved its usefulness al-
ready in many ways. The wick replace-
ment requirements of the COP have been 
monitored and reported using PestMon. 
Individual detections of wild and sterile 
fl ies were mapped by region, by month, 
by week throughout 2001/2002 to assist 
understanding outbreaks and to evaluate 
sterile releases. 

PestMon has been used for reporting 
on the ‘First ports of entry’ program since 
June 2002; this program is based in the 
Sydney basin and near north coast. The 
statewide reporting of the methyl euga-
nol fruit fl y traps also depended entirely 
on PestMon since June 2002. PestMon 
was used to capture surveillance data for 
Asian gypsy moth (Lymantria dispar) since 
2001/2002 (Dominiak et al. 2006). Locat-
ing trap inspection reports and any pest 
identifi cation records on one system, has 
eliminated the previously laborious task 
of information collation. Globalization of 
trade requires data. PestMon was used as 
the source of information for the analy-
sis of trapping effi ciency of McPhail and 
Lynfi eld traps (Dominiak et al. 2003), to 
report on Asian gypsy moth surveillance 
(Dominiak et al. 2006), and to review the 
distribution of fruit fl ies (Gillespie 2003).

As the system became established and 
in more common use, many users began 
to see advantages to PestMon and more 
enhancements were requested at each 
stage of revision. The requests for different 
types of reports continue to grow. New in-
spectors and users know no other system 
and there is little resistance to this data 
management system.

The standard operational procedures 
provide the underpinning activities to en-
sure consistency of data collection. Vrey-
sen (2005) identifi ed standard procedures 
as essential to ensure the collection of ho-
mogeneous data.

There is an increasing array of pests 
which need to be monitored to maintain 
trade access. In recent times, these include 
anthracnose in lupins (Lindbeck et al. 1998), 
small hive beetle (Gillespie et al. 2003), fi re 
ants (Dominiak et al. 2005), citrus canker 
(Clover 2004), currant lettuce aphid, Asian 
gypsy moth (Dominiak et al. 2006), and 
exotic fruit fl y. The release of sterile QFF 
in the Riverina has also been monitored 
in PestMon, allowing for the data to be 
reviewed (Dominiak et al. 2000b, Meats et 
al. 2006). The PestMon system provides 
a reliable, comprehensive and auditable 
management of data for managers. 

There will be continued pressure to be-
come more effi cient with the use of labour 
for surveillance. The PestMon system al-
lowed NSW Department of Primary In-
dustries to move from the paper-based 
system to an electronic system. It has the 
potential to be developed further. Pest-
Mon is easily auditable itself and assists 
with audits and reporting. 
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