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• Empirical data to determine 
thresholds for development and 
survival 

• Measured across different hosts
• Medfly has international models
• Qfly has had some attempts: 
• Code of Practice
• Yonow et al. (2004) Ecol
Modelling 173(1) 9-30

Phenology modelling overview
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• Limited transferability across all 
regions when Qfly occurs
• Assumptions 
• initial date of activity & 

overwintering
• adult maturity and time to 

produce eggs again

Current Challenges

760  |     MERKEL Et aL.

3.3 | Host‐dependent development times

A GLMM was conducted to test whether development times dif-
fer among different host fruits for both, glasshouse and field sam-
ples. The development times differed significantly depending on 
the type of fruit the flies emerged from (glasshouse: χ2 = 45.5, 
df = 8, p < 0.0001; field: χ2 = 16.5, df = 8, p = 0.006). The order 
was similar for both samples (glasshouse: custard apple = ca-
rambola < arazá < guava < canistel = black sapote; field: custard 
apple < arazá < carambola < guava < canistel < black sapote).

3.4 | Temperature‐dependent mortality

To assess whether the temperature-dependent mortality corre-
sponds to the prediction by Yonow et al., (2004), we tested whether 
the observed number of flies, which emerged from samples in the 
field, differed from the number of flies expected to emerge given 

the emergence in the glasshouse (Figure 4). Out of 14 performed 
chi-square tests, only four tests were non-significant partly as a re-
sult of the expected numbers being close to zero (Table 3). Generally, 
the observed number of flies emerging from samples in the field was 
significantly lower than the expected number of flies, assuming that 
the level of infestations in samples from field and glasshouse was 
equal (Table 3).

4  | DISCUSSION

Across the range of its distribution, populations of B. tryoni decline 
during winter. While the decline in temperate areas is thought to 
be caused by low winter temperatures (Yonow & Sutherst, 1998; 
Yonow et al., 2004), the primary driver proposed for population de-
clines in the tropics is the absence of host fruits (Muthuthantri et al., 
2010). Here, we studied the decline of overwintering populations 

F I G U R E  3   Average and standard 
error of observed (black squares) and 
predicted (white squares) development 
times (in days) of Bactrocera tryoni in the 
glasshouse (left) and field (right) for each 
collection date
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F I G U R E  4   Comparison of observed and predicted numbers of Bactrocera tryoni that emerged from the field samples (on the soil, under 
fluctuating ambient conditions; y-axis) based on the number of flies that emerged from the glasshouse samples (in protected and constant, warm 
temperature conditions; x-axis). The predicted numbers of flies emerging from the field were obtained using the ratio of temperature-dependent 
mortality rates for the field and glasshouse. Symbols indicate the different fruit types, and colours represent the different picking dates (NB this 
figure only shows picking dates where field and glasshouse samples were taken) [Colour figure can be viewed at wileyonlinelibrary.com]
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• A reliable phenology model allows 
for risk to be quantified:
• Orchard management
• Regional assessments
• Risk to market access

• Pathway to a better model:
• Life history traits (lab) (ongoing)
• Field-cage experiments
• Data-mining?

Phenology models



• Prototype app developed to explore 
data

• Open-source models and R packages
• Aim to integrate with new models 

and standards for reporting data

• Example: completely made-up 
orchard
• Temperate fruit producer
• Three traps on 14 ha

Data and models at work



Weather data pulled in, calculates flight thresholds



Using models for management
• Orchard management
• Timing of applying 

sprays and baits
• Biofixes
• Overwinter (still poorly 

understood – host vs 
environment)



• Optimise orchard trapping strategies
• Traps per hectare
• Traps at minimum distance from 

trees
• Early vs late season fly movement
• Aim to swap in different trap models
• Account for different trap types

Trap Arrangement

Agriculture Victoria



• Developed by USDA 
(Manoukis et al. 2015)
• Collaborating to improve 

upon
• Calculating escape prob
• Dispersal model

TrapGrid

Recapture consisted of removing the sticky card
insert from each Jackson trap in the grid during the
morning and replacing it with a fresh insert. Inserts
were transported to DKI-PBARC in Hilo in brown
paper sandwich bags and preserved at 0!C for later
processing. Processing consisted of crushing the heads
of all captured flies on filter paper, adding a drop of
acetone, and checking for fluorescent powder under
ultraviolet light. Because we used different colors for
each replicate, we were able to determine which
release each recaptured fruit fly had come from.

For each experimental week, replicate releases for a
given fruit fly–habitat–grid size combination were con-
ducted on Monday, Wednesday, and Friday. Recaptures
(trap servicing) were conducted Tuesday through Satur-
day and again on the following Monday. On days
when both a recapture and release were scheduled
(Wednesday and Friday), we serviced the traps prior to
release.

Lure Response Bioassay. The proportion of flies
that were responsive to the lures being used was tested
at the time of each release using a subsample of the
flies released. We conducted the bioassays at DKI-
PBARC for releases conducted at IP and at the release
site for experiments at PWW.

For B. dorsalis, the bioassay was conducted using a
Y-tube glass olfactometer (5.5 cm in diameter, 25 cm in
arm length and base length). One arm of the tube con-
tained odor from 5ml of methyl eugenol on a wick and
the other arm contained no lure. Air flow was 150 ml/
min of carbon-filtered air per arm using a compressed
air tank. About 20 males were introduced to the bottom
of the tube after a 5-min equilibration period, and the
number of individuals in each arm was recorded every
minute for 15 min. We found that the flies reached a
final distribution after "10 min. This procedure was
repeated with a fresh set of 20 males with the lure on

the other arm. The number in each arm at 15 min was
considered the result in each of the two trials, and
these were averaged for the final result. From the num-
ber in each arm, we calculated the proportion activa-
tion (number in both arms/number introduced) and
the proportion responders (number in lure arm/num-
ber in both arms); these are sometimes termed propor-
tion responsive and proportion selective, respectively
(Bertschy et al. 1997).

For C. capitata and trimedlure, Y-tube bioassays
were ineffective because the insect arrests on encoun-
tering the odor (Hendrichs et al. 1989), probably
because of its association with lekking site localization
(Shelly et al. 1993). This differs from the response to
methyl eugenol, which is ingested because it acts as a
pheromone precursor for B. dorsalis (Shelly and
Nishida 2004). Therefore, we used a carrousel olfac-
tometer assay in a 1-m3 enclosure. Two standard
Jackson traps were placed in the rotating carousel at
2 rpm; one contained a 2-g trimedlure plug and the
other was left empty as a control. Forty male C. capi-
tata from the batch being released were introduced to
the enclosure at release time and the final number in
each Jackson trap was counted after "4 h. We treated
the total number caught in both traps divided by the
number introduced to the assay as analogous to the
proportion activation in the Y-tube B. dorsalis bioassay,
and the number in the lure-baited trap divided by the
total in the traps as the proportion responders. There-
fore, we were able to obtain comparable measures of
activation and responsiveness for both species.

Data Analysis. The main goal of our analysis was to
estimate the attractiveness of a Jackson trap baited with
methyl eugenol and dibrom to B. dorsalis and a Jack-
son trap with trimedlure to C. capitata. In the context
of this article, attractiveness means the relationship
between distance from a trap and the probability that a

Fig. 1. Study sites and experimental grids on Hawaii Island. (A) PWW site, (B) Island overview with boxes indicating
PWW and IP sites, and (C) IP site. Weather conditions are very different in these two sites. IP has year-round rain, higher
relative humidity, and lower temperatures compared with PWW. Imagery source: ESRI, DigitalGlobe, GeoEye, i-cubed,
USDA, U.S. Geological Survey, AEX, Getmapping, Aerogrid, IGN, IGP, Swisstopo, and the GIS User Community.
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We calculate the distance to a trap as d~

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
xt{xð Þ2z yt{yð Þ2

q
,

where (xt, yt) is the position of the trap, and (x, y) is the position of the
insect. For d $ 0, we use an exponential decay with a logistic
(H(2ld)) to model the probability of being captured:

p~f d,lð Þ~2e{ldH 2ldð Þ ð3Þ

where

H zð Þ~ 1
1ze{z ð4Þ

these can be combined into a simpler form as

f d,lð Þ~ 2
e{ldzeld ð5Þ

which is sech(ld), where sech is the hyperbolic secant function.
Figure 3 shows how the probability of capture changes with distance
from the trap given l. The parameter l is the ‘‘attractiveness’’ of the
trap, with smaller values representing a more attractive trap. The sech
function is mathematically related to the exponential and logistic
functions used in previous research17–19. In our model, sech produces
a probability; the value of the function when ld 5 0 is 1, and the limit
as ld approaches infinity is zero.

There are two useful properties of this function that allow us to
relate it to measurements that might be made on actual insects. The
first is that f(0, l) 5 2/2 5 1. This means that the probability of
capture at distance 0 5 1 regardless of l. The second useful feature is
that f(1/l, l) 5 0.6481 for any positive l. This constant means that
1/l is equal to the distance at which there is an < 65% probability of
an insect being caught by a trap, a concept that has a simple meaning
and can allow easy comparison of trap attraction across lures and
species.

Instantaneous Capture Probability. Considering a trap with
attractiveness l at distance dx,y from a given point (x, y) in a grid
with area A encompassing x0 , x , xm and y0 , y , ym, the average
instantaneous capture probability across the entire grid is given by:

!p~
1
A

ðð

A

2
eldx,y ze{ldx,y

dxdy ð6Þ

The situation with multiple traps is more complicated, as capture
by one trap is not independent of capture by another trap. So instead
we consider the probability of escape. Given an insect at point (x, y)
and n traps with each trap t having distance dx,y,t from the insect, the
total instantaneous probability of escape is:

!q~P
n

t~0
1{

2
eldx,y,t ze{ldx,y,t

ð7Þ

From 6 and 7, we derive the following formula to calculate the
average instantaneous probability across a grid with n traps:

!q~
1
A

ðð

A

P
n

t~0
1{

2
eldx,y,t ze{ldx,y,t

dxdy ð8Þ

with !p~1{!q. Figure 4 shows results from our capture probability
model for a variety of trapping grids with varying trap strengths.

The value !p represents the average instantaneous probability of
being captured for a given arena, number of traps and attractiveness
of the traps. In a heterogeneous environment, traps containing the
same lure may not be equally attractive; this situation can be accom-
modated using equation 8. It is important to stress that this outcome
does not yet take into account time- it is only the average probability
of being captured given appearance in a random position within a
given arena.

Probability of Capture Over Time. We now consider how the
probability of detecting a population of insects changes over time.
We use a diffusion model to simulate insect locations. This model
specifies the position of individuals moving randomly in a two-
dimensional plane after a given amount of time24,25

dN x,y,Tð Þ
dt

~D
d2N
dx2 z

d2N
dy2

# $
ð9Þ

where N is the population density, T is time (in days), x, y are spatial
coordinates (in meters) and D is the diffusion coefficient (m2 per
day)25. Over an infinite plane, the solution to the above equation
produces a bivariate normal distribution of density as a function of
the diffusion coefficient and time. The probability density function

Figure 3 | Capture probability for an individual insect versus distance
from a trap, where probabilities were calculated via equation 5 for 1/l 5
10 (black), 30 (blue) and 50 (red) meters. 1/l 5 represents the distance, in
meters, where we expect about 0.65 probability of capture.

Figure 4 | Changes in the average instantaneous probability of capture !p
with increasing trap attraction (1/l 5 distance at which there is a 65%
chance of capturing a fly) and varying grid density (represented by inter-
trap spacing, s) Solid line: 8 3 8 grid of traps with s 5 75 m; broken line:
8 3 8 grid of traps with s 5 150 m; dotted line: 4 3 4 grid with s 5 400 m;
dashed-dotted line: 3 3 3 grid with s 5 800 m.

www.nature.com/scientificreports

SCIENTIFIC REPORTS | 4 : 7015 | DOI: 10.1038/srep07015 3

Species 1/lambda value
Ceratitis capitata (Medfly) 14m

Bactrocera dorsalis (Oriental fruit fly) 34m

Bactrocera tryoni (Qfly) ? 14-50m

Manoukis et al. 2015 Chemical Ecology

Manoukis et al. 2015 Scientific Reports



Data transformation to preserve 
data sensitivities

Data reuse & privacy

(e.g. Orchard trap data)

Private Analytics
Engine

Pest data source 2
e.g. monitoring

Analytic 1 Analytic 2

Data 
transformation to 

preserve data 
sensitivities

Public Data Sources

On-farm 
benchmarking

Farms

Data re-use

Pest pressure 
predictions

Pest Data source 1

• Lots of data, not being used well
• Sharing and sensitivity of data
• Pathway to use these data



• Putting data to best use
– Trade as well as a

Production problem
– Industry partners and 

ongoing work 
– Systems Approach project
– Aligning with CSIRO Missions
o Trusted Agrifood Exports

CSIRO objectives

https://research.csiro.au/psa/

https://research.csiro.au/psa/
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“Developing Systems Approaches to Achieve Market Access for Australian Horticulture is funded by the Hort Frontiers Asian Markets  fund, 
part of the Hort Frontiers strategic partnership initiative developed by Hort Innovation, with co-investment from partners below, and 
contributions from the Australian Government.” 


