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(extracted from a draft MPI report authored by John Kean titled “Quantifying the efficacy of New Zealand’s fruit fly surveillance systems”.  Reproduced here with approval from the author)
[bookmark: _Toc391652264]Calculating the Effective sampling area
The most direct method to estimate the effective sampling area is to release marked insects at random within a large grid of traps. Here the ESA is simply the recapture rate c/N divided by the mean trap density n/A: α = cA/Nn. For example, Monro & Richardson (1969) recovered 9 of 100 mature Queensland flies released at random within a grid of cuelure baited traps spaced at 400 m intervals. Here the mean trap density was 1/(400 m)2 = 0.0625 /ha, and the ESA can be estimated as α = 0.09/0.0626 = 1.44 ha. Similarly, Elkinton & Cardé (1980) recovered 3.9% of male gypsy moths released within an 800 m trapping grid (trap density 1/(800 m)2 = 0.0156 /ha), suggesting α = 0.039/0.0156 = 2.5 ha.  To be an accurate estimate of the effective sample area, traps should be spaced sufficiently that there is no significant interference between them, the grid should be sufficiently large that there is no significant emigration, and the insects should be released at random relative to the traps. Failure on any of these counts will result in the ESA being underestimated. The latter condition, in particular, is rarely observed; most published studies release from a single point, usually at the position most distant from any trap.
For further information on calculating ESA from release and recapture studies, see Kean (2015).
The literature was searched for studies that report the effective sampling area of fruit fly traps. Since none were found, suitable published data were collected for deriving α for each target species. Several applicable release-recapture studies were found for each target species, but few of these were methodologically ideal. Some of the main problems with using these studies for estimating the ESA are listed below.
1. Most studies are based on release-recapture experiments using laboratory-raised sterile insects, which are often less fit than wild insects. If wild insects are more able to respond to lures, then studies using sterile insects will tend to underestimate the true sampling efficacy of traps.
2. The particular estimate derived for trap efficacy is specific to the age of the insects released. Estimates derived from releases of young adults may be higher than those derived from older adults with a shorter expected longevity. Conversely, most adult fruit flies have a maturation period before becoming responsive to lures, so that those released as neonates may experience significant natural mortality or dispersal before becoming susceptible to trapping. 
3. Many studies use trapping grids which are small compared to natural dispersal distances or make releases near grid edges. This may allow significant emigration and result in trap efficacy being underestimated.
4. In many cases insect releases were not random with respect to trap position. Typically, insects are released equidistant from surrounding traps in a grid, so that fewer are trapped than when insects arise at random (often closer to the traps). This results in an underestimate of trap efficacy, especially when trap spacing is wide compared to normal dispersal distances.
5. Similarly, the density of traps may vary within the study area so that results obtained from a particular release site may not be representative of other releases with the same average trap density. When traps are too close together there may be some interference, resulting in lower than expected trap catches.
6. Some studies were conducted in orchards, where insects and attractants may behave differently than in the urban environments where biosecurity surveillance is typically conducted for fruit flies.
7. Some studies may be influenced by the presence of wild populations, which may alter the trapability of released insects by competing for their attention.
8. Available studies reflect a range of trap architectures and lure release profiles.
9. Few studies report the weather conditions occurring during the experiment, which may affect trapping success and make it difficult to compare the results from different studies. 
10. These studies were usually designed for other purposes, such as measuring wild fly abundance, sterile fitness or dispersal distance and often fail to report some relevant details of the experimental methods.
It must also be considered that the effective sampling area will vary between individual traps depending on characteristics of the local microclimate, pheromone plume strength and dispersion in local air currents, and competing or inhibiting odours.
The following sections provide details of the effective sampling areas estimated for Queensland fruit fly and OFF.
[bookmark: _Toc391652266]Cuelure for Queensland fruit fly
The adult biology of Qfly differs from that of Medfly in two important ways that are relevant to trap efficacy. First, male Qflies require a long post-eclosion maturation period of 1 to 2 weeks before they become responsive to cuelure (Meats, Clift & Robson 2003), in contrast with Medfly’s 2 to 3 day requirement (Wong et al. 1982). Second, Qflies may disperse up to 90 km in the seven weeks of their adult life (MacFarlane et al. 1987) while virtually all Medflies remain within 1 km of their natal site (Plant & Cunningham 1991). Qfly’s long pre-responsive dispersal time coupled with its much greater mobility means that relatively few Qflies may be trapped at or near their pupation site compared to Medflies. One implication of this is that emigration from trapped areas is likely to be a greater influence on recapture rates in Qfly studies than it is in Medfly studies. This appears to be true in the large number of Qfly release-recapture studies that have been published, and which show surprisingly low recapture rates despite worker intuition that Qfly traps are more effective than Medfly ones (Barney Stephenson, pers. comm.).
Table 2 lists many published release-recapture results, in most of which the estimated effective sampling area was < 0.1 ha and well below the comparable estimates for Medfly (Table 1). However, these data should be treated with caution. Many of the data are from operational programmes which were focused on monitoring the quality of sterile flies rather than trap efficacy. There is little specific information on trap deployment in many of these cases except for the notional trap density, which may or may not have been adjusted for local habitats. In addition, the studies often differ in the age of released males and the way in which they were released. Recent work has shown that handling procedures and release method can have a major effect on Qfly recapture rates (Reynolds et al. 2012). Finally, it is not clear how representative of wild flies are the factory-produced sterile males used in the majority of these cases. In his trapping model, Meats (1998a) assumed a higher daily mortality in sterile flies compared to wild ones. However Weldon & Meats (2010) found no difference in dispersal distance between wild, laboratory-reared and sterile Qflies, and the proportion of released flies subsequently recaptured was significantly lower for wild flies.
Few studies have focused specifically on Qfly trap efficacy. Meats (1998a) derived a model for the survival and trap catch of Qfly from release points, and this gave a good fit to the experimental results of Monroe & Richardson (1969), Fletcher (1974) and MacFarlane et al. (1987). A key relationship in the model is the square root decline in catch per trap with distance, first noted by Fletcher (1974). Meats (1998b) used the model to predict overall trap catch in trapping grids of various sizes. Unfortunately, the solution includes a divergent harmonic series, which means that trap catches are predicted to increase infinitely (but increasingly slowly) as grid size grows. Therefore, the model cannot be used to derive an estimate for the ESA without specifying a particular size for the trapping grid. It was assumed that a grid of 2 km radius with 400 m trap spacing is reasonably representative of New Zealand situations. Assuming an 8-day maturation period, the model allows the ESA to be estimated as around α= 1.5 ha for wild flies, with a range of 1.35 to 1.65 ha derived from the model depending on whether flies originate near or far from traps. As expected, this conforms well with the effective sampling areas derived directly from the data of Monroe & Richardson (1969) and Fletcher (1974) of 1.3 to 1.4 ha.
In accordance with the model of Meats (1998a; b) and worker perception that cuelure is more effective for Qfly than trimedlure is for Medfly, we assumed the effective sampling area of  = 1.5 ha, but investigated the range 0.5 to 2.5 ha in sensitivity analysis (section 7.4).
Table 2. Estimates for the effective sample area (ESA) of cuelure baited traps for adult male Queensland fruit flies, derived from published studies.
	Study
	Experiment
	Trap spacing (m)
	Recapture rate (%)
	Estimated ESA (ha)

	James (1992)†
	Cowra 1992-93
	400
	0.03
	0.004

	Perepelicia & Bailey (1993)†
	Adelaide
	400
	0.004
	0.001

	Perepelicia et al. (1994)†
	Adelaide
	400
	0.009
	0.001

	Horwood & Keenan (1994)†
	Griffith
	275
	1.7
	0.125

	
	Griffith
	1000
	0.3
	0.290

	Reynolds et al. (1995)†
	Adelaide
	400
	0.007
	0.001

	Jackman et al. (1996)†
	Adelaide
	400
	0.06
	0.010

	Perepelicia et al. (1997)†
	Adelaide
	400
	0.2
	0.036

	Rajakulendran (1998)†
	Trangie
	400
	0.4
	0.069

	Yeates, cited by Meats (1998a)
	Beckenham, Perth 1990
	100
	2.6
	0.026

	Dominiak & Webster (1998)
	Young, NSW
	1000
	0.04
	0.040

	Dominiak et al. (1998)‡
	Wagga Wagga 1995-96
	400
	0.07
	0.011

	Dominiak et al. (2000)
	Wagga Wagga 1996-97
	400
	0.03
	0.004

	Dominiak et al. (2000)‡
	Lake Cargellico 1997-98
	400
	0.15
	0.024

	Dominiak et al. (2003 a)
	Wagga Wagga 1997-98
	400
	0.04
	0.006

	
	Lake Cargellico 1998-99
	400
	0.11
	0.018

	Dominiak et al. (2003 b)
	Sydney
	800
	0.31
	0.201

	Meats et al. (2003)
	
	400
	0.49
	0.078

	Weldon & Meats (2007)
	males, 2 Apr 2003
	20
	23
	0.009

	
	males, 8 Apr 2003
	20
	25
	0.010

	
	males, 16 Apr 2003
	20
	63
	0.025

	Meats & Edgerton (2008)
	puparial release 1
	20
	15
	0.006

	
	puparial release 2
	20
	13
	0.005

	
	adult release 1
	20
	18
	0.007

	
	adult release 2
	20
	14
	0.006

	Dominiak et al. (2011)
	adult tub
	400
	0.2
	0.032

	
	pupal bucket
	400
	0.02
	0.004

	
	chilled adult
	400
	0.01
	0.002

	Gilchrist & Meats (2012)
	immature release
	20
	53
	0.021

	
	mature release
	20
	32
	0.013

	Reynolds et al. (2012)
	mean of NSW
	400
	1.7
	0.271

	
	mean of SA
	400
	0.3
	0.054


†Cited by Dominiak & Webster (1998).
‡Cited by Dominiak et al. (2003 a).

[bookmark: _Toc391652267]Methyl eugenol for oriental fruit fly
Relatively few studies have addressed the efficacy of methyl eugenol traps for oriental fruit fly, and early efforts by Iga (1982), Chiu (1983) and Hong & Jaal (1986) were flawed by small trapping grids, missing traps, and non-random releases. Based on trial data, Steiner (1969) suggested that a density of 50 traps /mile2 would capture all male oriental fruit flies within the area. From this, the effective sampling area may be estimated as α= 1/50 mile2 = 5.18 ha. Furthermore, he noted that grids of 12 traps /mile2 caught 17 to 35% of males released within them, suggesting that the ESA lies between α= 0.17/12 mile2 = 3.67 ha and α= 0.35/12 mile2 = 7.56 ha.
These values are corroborated by the results from recent studies by Shelly et al. (2010) and Shelly & Edu (2010), who released marked male oriental fruit flies at different distances from a target Jackson trap, and developed a relationship between distance and the probability of recapture. Fitting a Weibull function to their data suggests y = 0.926 exp[-(x/67.9)0.753] and by circular integration the effective sampling area α= 5.3 ha, similar to the values derived from Steiner (1969). However, Shelly et al. (2010) carried out their study within the standard Californian fruit fly trapping grid, and many of the released flies were probably lost to other non-target traps so that this is possibly an underestimate of the true effective sampling area. It is possible to obtain a more direct and unbiased estimate from the overall recapture rate. The Californian fruit fly trapping grid deploys one Jackson trap per 51.8 ha, and recaptured 2258 of the 11142 males released, suggesting  = 2258/11142 × 51.8 = 10.5 ha. This is considerably greater than the previous estimates but may reflect trap improvements since Steiner’s experiments or simply a lack of the downward-biasing factors affecting other estimates.
In summary, it seems likely that the effective sampling area of methyl eugenol traps for adult male oriental fruit flies is around 10 ha. In the light of earlier estimates that were slightly lower, we assumed a default value of 9 ha and investigated the range 5 to 12 ha.
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