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FARM3 + MISCELLANEOUS: Edwards, Ontario, Canada - Aug-Sep 2007
Steve Mihok
smihok@rogers.com


Objective:
Compare Sunbrella/Top Notch fabrics and alternative nettings/PVC


Continuation of Farm1, Stomoxys now present, other traps included

Data: 
Farm3 ***.xls, reference data in Canada nzi.mdb

Design:
ONE 6 x 6 Latin square set over 6 weeks with weekly checks

Area:
Idle Farm ~9.0 km @ 320° (~ NW) from my home in Russell



Edwards is a hamlet incorporated into the city of Ottawa 

Habitat:
Abandoned pasture and wet meadow with adjacent woodland

Details:
71 m asl, 45°18.998 N and 75° 75° 26.112 (site #21 at the barn)
 
Date:
August 12 - September 23, 2007, weekly collections

Baits:
Biosensory Octenol lure ~1.5 mg/h release rate

Standard:
Kenyan Phthalogen Blue IF3GM cotton Nzi trap with fine mesh white polyester, set just off the ground, all traps facing WEST

Collector:
2-L Coke bottle plastic “funnel” inserted into trap cone (21 mm diameter neck)


Funnel then inserted into a plastic chamber (centre of a cut-off 2-L juice bottle)


Flies collected in a long “no-seeum” netting sleeve attached to the chamber
Catch of nonbiting insects was very low - very few captures of Musca autumnalis, Asian ladybird beetles and cluster flies; horses were only moderately bothered by face flies this year, ladybird beetles and cluster flies were also not common in catches at Russell
Effort was 252 calendar trap-days (6 x 6 x 7), 240 “fair-weather”-days adjusted for risk
3,972
Tabanidae
95.3% Tabanus quinquevittatus, numbers dropped rapidly in first 3 weeks
Two Tabanus novascotiae captured in Top Notch traps, new fauna
Maximum weekly catch was 1,162 in one trap on August 19 (7-day total) 
3,078
Stomoxys calcitrans, 60% male [very minor sex ratio differences among traps]

Major site effects, but fortunately with even catches throughout experiment

Stable fly numbers rose dramatically after this experiment ended

Maximum weekly catch was 720 in one trap on 9 September (7-day total)
Useful additional data were collected for three new traps set before this experiment at sites 25-27. Two traps were also run after the end of Farm3 at sites 21&22 till the very end of the season. Along with a turquoise trap set at site #22 in parallel with this experiment, these extra data have been used for further statistical insights in various ways. These other data were coded as Farm2.
See FARM1 for site photos and other details common to all experiments

Experimental Constraints
I had to decide on a layout for this experiment before all previous catches had been counted. I also had to complete this trial before I went away for three weeks at the end of September; this limited what was possible to a 6x6 Latin square with weekly checks. Late autumn weather was mild, so I managed to collect a bit more stable fly data after the experiment ended.
I was unsure of how far stable flies might travel relative to where the horses were kept, so I chose to leave site 22 out of this experiment as an independent control. I set a turquoise Nzi trap there continuously to provide an index of stable fly numbers through time. I also wanted to see how this trap would perform; I have never tested it at high stable fly numbers.

I thought about encircling the barn with trap sites, but was reluctant to set new sites as I was getting good catches of tabanids at the previous sites. I was optimistic that tabanid numbers would still be good for at least the start of this experiment, and as it turned out, they were and I did get enough tabanid data for new insights into trap performance before the season ended.
During the last three weeks of Farm1, I sewed a few new traps. I set these sequentially over three weeks at sites 25-27 to see how they would do. I got some impressive tabanid catches so I made a few snap decisions on which traps would be most useful to test in this experiment.

[image: image1]
Trap Codes
As per normal practice - I started this experiment with new octenol lures
Standard (Response ratios are calculated relative to this trap)
1. NZI-COT


Phthalogen blue cotton standard, IN6 netting
Experimental

2. NZI-SUN-BIO

Sunbrella Pacific Blue + Black, Bionet netting [uv-blocking]
3. NZI-COT-SUN-ECO
Phthalogen blue cotton, Black Sunbrella. Econet L netting
These three traps were used in Farm1 and hence had weathered for 8 weeks, or more in the case of the NZI-COT trap which had been used previously in 2006.

I dropped the NZI-SUN-ECO trap from further testing in favour of the NZI-COT-SUN-ECO trap to obtain a clear outcome on how biting flies react to the Econet L.
Two of the remaining three slots in the 6-site design were allocated to tests of Nzi traps in Top Notch marine canvas polyester fabrics that I had just obtained some preliminary data for. For the last slot, I decided to test a PVC cone trap, as in the traps sent overseas. I did a lot of work with PVC cones in plywood and plexiglass traps this summer in Russell, but this experiment was the only test of a PVC cone using a cloth trap.
4. NZI-TNB


Top Notch Blue and Black polyester marine canvas




Fine white polyester mosquito netting IN6
5. NZI-TNO


Top Notch Ocean Blue and Black polyester marine canvas




Fine white polyester mosquito netting IN6
Note that these traps both have the same netting as the standard; TNB had weathered for 3 weeks and TNO for two weeks prior to use in this experiment.
6. NZI-SUN-CRY-BIO
Sunbrella Pacific Blue and Black acrylic canvas (seconds)





Crystal Clear 20/20 PVC cone [total ultraviolet block]




Bionet back and inner shelf

This trap had only weathered for one week. Note that this trap is almost the same as the PVC cone traps that were sent overseas, BUT here I substituted Bionet for Econet L. I did this since traps with Bionet were best in previous experiments in the Sudan and in Farm1.
Site #22

Other fixed trap not in 6 x 6 Latin square rotation

NZI-TURQ2MG
Procion Turquoise M-G cotton, black cotton twill, IN6 netting



Slightly faded, already used about one month in experiment UV7
Note that everyone else who received turquoise-dyed traps received traps made from a lighter-weight plain bleached cotton, this trap was made from a heavier-weight bull denim unbleached cotton identical to the material dyed in the Nzi Bull Ent Res paper of 2006.
Fabric Codes (full details are in Fabrics.mdb or FabricMaster.xls)
184
Phthalogen Blue IF3GM cotton twill from Mount Kenya Textiles, Kenya
214f
SECONDS of Sunbrella Pacific Blue acrylic awning fabric, USA
215b
SECONDS of Sunbrella Black acrylic awning fabric, USA
217
Black “Galaxy” 100% cotton twill, Fabricland, Canada
357
Econet L from Ludvig Svensson, Sweden via Gintec Shade Technologies, Canada
360
Bionet from Klayman Meteor, Israel (polyethylene, patented uv blocking treatment)
323c
Army Navy Type IN6 fine mesh white polyester netting, lot from 2007
387a
Top Notch Blue #563 marine polyester canvas (solution-dyed, matt finish)
388a
Top Notch Ocean Blue #594 marine polyester canvas

391a
Top Notch Black #571 marine polyester canvas

313
Crystal 20/20 clear PVC 30 mil from Strataglass, USA
315a
Procion Turquoise M-G, deep shade about 5% on bull denim cotton
Fabric Colours

Pantone colours below are approximate, codes can vary among lots of fabric or duplicate scans on different scanners; these codes are from a simultaneous scan of all four fabrics.
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Mount Kenya Textiles Phthalogen Blue IF3GM cotton twill
~ Pantone 661
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Sunbrella Pacific Blue acrylic canvas
 ~ Pantone 2945
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Top Notch Blue 563 marine polyester canvas

~ Pantone 660
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Top Notch Blue 594 marine polyester canvas
~ Pantone 294
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Procion Turquoise M-G bull denim cotton after one month outdoors
~ Pantone 3015
	The turquoise cloth was not scanned at the start of this experiment but it would have looked like the sample at left scanned in another experiment in 2004


Marchem Coated Fabrics provided 10 nm interval reflectance spectra of some of their Top Notch polyester fabrics in a letter from Richard Yale, October 8, 2007 with more details on methods in an email on November 6.

Readings were taken with a ColorFlex Diffuse Spectrophotometer with an integrating sphere. This is a low-end HunterLab benchtop device that provides reflectance values between 400-700 nm.
On the next page, Marchem’s data are contrasted with similar bright Phthalogen Blue IF3GM cotton standards (Zimbabwe, Dystar are bright and the Mount Kenya cloth is dark) and also for Sunbrella Pacific Blue acrylic.

Sunbrella may very well be solution-dyed using the same pigment mix as Top Notch polyester Ocean Blue. The two Top Notch blues may also be based on the same copper phthalocyanine pigment mix, e.g. with just some white pigment added to Blue 563 to make it brighter?
It’s hard to guess but there is not much doubt that these are all variations on a CuPc theme.

Daylight 65 illuminant, 10 degree observer [conventional parameters for spectra] 
[image: image2.emf]Top Notch Polyseter Canvas vs Bright Phthalogen Blue IF3GM Cotton 

0.0

0.1

0.2

0.3

0.4

400 500 600 700

Wavelength (nm)

Reflectance 

 387 Top Notch Blue #563 Polyester Canvas [MARCHEM]
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 171a Reference Bonar Phthalogen Blue Cotton Drill 1997 [MIHOK]


[image: image3.emf]Top Notch Ocean Blue Polyester Canvas versus Dark Phthalogen Blue cotton & Sunbrella acrylic
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 184a Phthalogen IF3GM Reference Swatch Mountex Kenya May 1997 [MIHOK]

 214b Sunbrella Pacific Blue Acrylic USA 2002 [DOWELL]


Note - photos below are with the large plastic bag collector. They were all taken before Farm3 started during exploratory testing of these traps at high tabanid numbers. Farm3 was conducted with netting sleeve collectors as catches were much lower at the season’s end.
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	NZI-TNB Site #25 - July 22
(new - 3 weeks before start of this expt)
	NZI-TNO Site #25 - July 29
(new - 2 weeks before start of this expt)
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	NZI-SUN-CRY-BIO Site #25 - Aug 5
(new - 1 week before start of this expt)
	Side view showing nearly invisible PVC cone when trap is brand new
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	View looking up into a blue sky through the PVC cone, this product lives up to its “Crystal Clear” name, stays very clear through time
	First catch with TN Blue trap at site 25 (Jul 29) catches of ~2,400 tabanids each week in 3 weeks of testing at sites 25-27 before Farm3


Weather:

The experiment included the latter part of the summer and bracketed the transition from tabanids to stable flies with good tabanid catches only in the first few weeks. The stable fly peak occurred after the experiment ended.


Hourly Statistics: http://www.climate.weatheroffice.ec.gc.ca/climateData/hourlydata_e.html
OTTAWA MACDONALD-CARTIER INT'L A
ONTARIO

	Latitude:
	45° 19.200' N
	Longitude:
	75° 40.200' W
	Elevation:
	114.00 m

	Climate ID:
	6106000
	WMO ID:
	71628
	TC ID:
	YOW


This airport weather station is the best reference weather for the Russell/Edwards area.
	Average of Max
	Year
	 
	 
	 
	 
	 
	 
	 

	Month
	2001
	2002
	2003
	2004
	2005
	2000
	2006
	2007

	5
	20.6
	16.5
	18.3
	18.7
	17.2
	18.5
	19.7
	20.0

	6
	25.3
	22.5
	24.4
	23.3
	26.8
	21.8
	24.0
	25.4

	7
	25.7
	27.5
	26.4
	26.1
	27.7
	24.3
	27.8
	25.2

	8
	28.4
	27.6
	26.4
	23.8
	27.1
	24.5
	25.3
	25.8

	9
	21.7
	24.3
	22.5
	21.9
	22.8
	19.2
	19.1
	22.5

	10
	14.0
	11.0
	11.6
	13.8
	13.6
	13.3
	11.4
	16.1


Only two days were lost due to bad weather in weeks 2 and 5:

	Pattern by Replicate 
	1
	2
	3
	4
	5
	6

	Actual Calendar Days
	7
	7
	7
	7
	7
	7

	Fair Weather Days with a catch
	7
	6
	7
	7
	6
	7


Data were analyzed in terms of catch per unit effort to be consistent with typical daily trap checks in other experiments.

	Date
	Min (deg C)
	Max (deg C)
	Rain (mm)
	Replicate
	Notes

	12-Aug-07
	17.3
	31
	2.8
	1
	

	13-Aug-07
	14
	25.4
	0
	1
	

	14-Aug-07
	10.5
	22.3
	2.2
	1
	

	15-Aug-07
	14.7
	25.2
	2
	1
	

	16-Aug-07
	13
	27.3
	15.8
	1
	rain at night

	17-Aug-07
	10.4
	24
	0.8
	1
	

	18-Aug-07
	10.8
	19.1
	0
	1
	

	
	
	
	
	
	

	19-Aug-07
	8.8
	20.4
	0
	2
	

	20-Aug-07
	7.8
	20.2
	0
	2
	

	21-Aug-07
	9
	22.6
	0
	2
	

	22-Aug-07
	9.6
	20.2
	0
	2
	

	23-Aug-07
	16.5
	25.4
	5
	2
	

	24-Aug-07
	20.5
	28.3
	12.2
	2
	rainy day

	25-Aug-07
	18.5
	27.3
	29.2
	2
	rain at night

	
	
	
	
	
	

	26-Aug-07
	14.1
	24.2
	0
	3
	

	27-Aug-07
	10.3
	24.6
	0
	3
	

	28-Aug-07
	12.9
	27.4
	0
	3
	

	29-Aug-07
	16.6
	31
	23.4
	3
	rain at night

	30-Aug-07
	12.5
	21.9
	1.4
	3
	

	31-Aug-07
	11.1
	23.4
	0
	3
	

	1-Sep-07
	10.4
	20.6
	0
	3
	

	
	
	
	
	
	

	2-Sep-07
	8.2
	24.7
	0
	4
	

	3-Sep-07
	14.4
	26.7
	0
	4
	

	4-Sep-07
	11.7
	19.8
	0
	4
	

	5-Sep-07
	8.6
	19.8
	0
	4
	

	6-Sep-07
	11.4
	30.2
	0.8
	4
	

	7-Sep-07
	21.6
	32.2
	0
	4
	

	8-Sep-07
	12.1
	26.4
	0
	4
	

	
	
	
	
	
	

	9-Sep-07
	10.7
	18.3
	0
	5
	

	10-Sep-07
	9.6
	22.2
	0.4
	5
	

	11-Sep-07
	12.1
	17
	11.2
	5
	rainy day

	12-Sep-07
	8.4
	18.4
	7.6
	5
	

	13-Sep-07
	8
	19.1
	0
	5
	

	14-Sep-07
	8.4
	25.8
	8.4
	5
	rain at night

	15-Sep-07
	5.1
	13
	0.2
	5
	marginal day

	
	
	
	
	
	

	16-Sep-07
	3.1
	16.6
	0
	6
	

	17-Sep-07
	3.6
	19.9
	0
	6
	

	18-Sep-07
	5.6
	21.8
	0
	6
	

	19-Sep-07
	9.9
	26.1
	0
	6
	

	20-Sep-07
	12.3
	24.4
	0
	6
	

	21-Sep-07
	12
	26.1
	0
	6
	

	22-Sep-07
	12.5
	28.2
	0
	6
	


Eye Patterns (see Farm1 for tabanids)
Personal photos of Stomoxys calcitrans - eyes are a uniform red

I think I have more colour slides of live Stomoxys from Africa, but they are not digitized
I have similar technical close-ups of virtually all of the African Stomoxyinae
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Kenya, Female
(frozen alive, thawed, photographed)

	Kenya, Male
(frozen alive, thawed, photographed)
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	Canada, (Male, live on blue cloth)


	


Site Differences - FAIR WEATHER DAY BASIS
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	TABANIDAE


Backtransformed Mean catch

per trap per fair weather day

Site #21 stood out as having higher catches than all other sites except for #23.
Further interpretation is provided in the next section.


[image: image14.emf]Response Ratio with 95% CI
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	Mean Square Error
	
	0.0274

	Calculated LSD
	
	0.199


	Average of Tabanidae
	 
	Backtrans
	Index of 
	Response

	SITE
	Total
	Mean
	Increase
	Ratio

	21
	0.994
	8.86
	1.00
	1.00

	23
	0.848
	6.04
	0.68
	0.71

	24
	0.762
	4.78
	0.54
	0.59

	25
	0.582
	2.82
	0.32
	0.39

	26
	0.531
	2.39
	0.27
	0.34

	27
	0.533
	2.41
	0.27
	0.35

	Grand Total
	0.708
	4.11
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	Stomoxys calcitrans


Backtransformed Mean catch

per trap per fair weather day

There was a striking site effect with incrementally lower catches at greater distances from the horses at site #21.
Further interpretation is provided in the next section.


[image: image16.emf]Response Ratio with 95% CI
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	Mean Square Error
	
	0.0501

	Calculated LSD
	
	0.270


	Average of Stomoxys
	 
	Backtrans
	Index of 
	Response

	SITE
	Total
	Mean
	Increase
	Ratio

	21
	1.394
	23.77
	1.00
	1.00

	23
	1.153
	13.23
	0.56
	0.57

	24
	0.940
	7.72
	0.32
	0.35

	25
	0.499
	2.16
	0.09
	0.13

	26
	0.476
	1.99
	0.08
	0.12

	27
	0.323
	1.10
	0.05
	0.08

	Grand Total
	0.798
	5.28
	
	


Pattern by Distance from the Horses
Site #21 is set at zero, distances are m from this location
Note that the catch index is the back transformed (10y) mean catch of y=log(X+1) weekly totals adjusted for days of trapping (i.e. fair-weather days). This presentation is easier to understand in terms of numbers of flies per trap per day. The regressions are identical if for graphs of y.
Tabanidae - Confidence intervals on these few points are large and significance tests suggest that catches may be higher only for the first two points. Nevertheless there is a suggestion that catches may decrease by the inverse square law, e.g. by the square of the radial distance from the horses/barn, as in the area of a circle. To sort this out statistically would require a much larger number of points with frequent trap checks with similar traps at each site. This would greatly reduce the variance due to seasonal changes in catches over time and space.
	[image: image17.emf]y = -0.0307x + 8.3104

R

2

 = 0.924

0

2

4

6

8

10

0 50 100 150 200 250

Distance from barn (m)

Catch per trap per day


	[image: image18.emf]y = -0.4652x + 9.1668

R2 = 0.9452

0

2

4

6

8

10

0 3 6 9 12 15

Square Root of Distance (m)

Catch per trap per day




Stomoxys calcitrans - The pattern is similar but with a very steep slope. At ~150 m (around the corner of the woodland essentially) numbers seem to flatten out; it’s hard to be sure.
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More robust data were collected in Farm1 for Tabanidae with four traps set over eight weeks with fairly even catches among traps, but only for 4 sites - this does not make for good statistics. The most distant site (#24) had high catches, so there was not much of a decreasing trend by distance. A “good trap” I set around the edge of the woodland at progressively greater distances (the Top Notch blue polyester trap) separately from Farm1 caught very high numbers of tabanids up to 226 m away from the barn at site #27. My guess is that the entire woodland area may have intrinsically high catches of tabanids; there are many marshy spots that look like good larval habitat, e.g. with large-scale emergences. Early in the season (Farm1) tabanids may have been evenly-dispersed. In August (Farm3), I was likely catching just a few teneral tabanids, and hence there may have been a greater focus of activity by adults where the horses were stabled.
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More data were collected for Stomoxys, but not perfectly-matched as in Farm3. For what it is worth, below is the pattern for the whole set of late-season trapping at all sites. Good traps (NZI-COT and NZI-TNB) were set at sites 21/22 for three data points after Farm3 ended. Site 22 was also set continuously during Farm3 with a good trap (NZI-TURQ2MG), filling in the gap in the curve. Despite caveats on possible interactions between time-site and trap type, the spatial trend for Stomoxys holds up and is probably real. If this is how stable flies behave, I still remain puzzled by how I can catch them so easily in my back yard in Russell - I am one km from the nearest cattle with a very large field of soybeans in-between.
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Catches Through Time - this experiment only
Farm1 has summary graphs for the entire summer with comparisons to my home in Russell.
Tabanidae - almost all T. quinquevittatus
Note that I just caught the end of the tabanid season. Hence trap-site interactions were only “balanced” in a statistical sense as traps rotated through about half of sites.
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Stomoxys calcitrans
Stable fly numbers were fairly constant during the experiment; the annual peak came later. If not for the very large site effects, this would have made for very good confidence intervals.
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Interpretation of Trap-Site Effects for Stomoxys
It might be easier to understand time-site effects by looking at the raw data. Below is just one example of trends in raw weekly totals for three key traps that are all expected to be “good”.

NZI-TURQ2MG - the turquoise trap left in place at site 22 near the barn as an extra control

NZI-COT - the standard trap rotated through distant or “bad sites” first (sites 25-27), then rotated through the better sites near the barn to finish the experiment (sites 21,23, 24)

NZI-TNB - the Top Notch blue polyester trap rotated through the better sites first (sites 21, 23, 24), then rotated through distant or “bad sites” last (sites 25-27).

	
	Fixed Site 22
	Moving Sites
	
	Moving Sites
	

	Week
	Turq2MG
	NZI-COT
	location
	NZI-TNB
	location

	1
	84
	7
	far - 25
	268
	near - 21 

	2
	140
	17
	far - 26
	170
	near - 22

	3
	128
	2
	far - 27
	127
	near - 23

	
	
	
	
	
	

	4
	356
	720
	near - 21
	92
	far - 25

	5
	166
	163
	near - 22
	55
	far - 26

	6
	205
	100
	near - 23
	180
	far - 27

	End of Farm3 but with continuation of trapping to collect more comparisons for TNB trap until the very end of the stable fly season



	7
	not continued
	274
	near -22
	987
	near -21

	8
	not continued
	731
	near -21
	372
	near -22

	9+10
	not continued
	538
	near -21
	190
	near -22


It may be hard to grasp trends like this from lists of numbers, but these effects are quite striking when one is physically checking traps after a week’s absence and traps are either empty or full of stable flies depending on what trap was there over the past week.

One trend in this experiment still leaves me puzzled - the TNB and TNO traps (data not shown above) did well at sites 25-27 late in the season when the standard COT trap did poorly at the same sites in August. This could be related to stable fly dispersal as the season was winding down with flies now showing up at distant sites?

One useful result of this experiment was confirmation that the turquoise trap is good for stable flies in a more applied setting, using a lighter weight of cloth, and using a slightly faded trap. I have tested this specific colour several times previously at my home in Russell for different depths of shade (BER 2006 Nzi trap paper Figure 3), but only for low catches.

It is important to confirm the performance of this trap well as the turquoise colour produced by sulphonated copper phthalocyanine is the only practical standard I have been able to come up with that could act as a replacement for genuine phthalogen blue cotton.

Below is a comparison of catches at nearby sites (21-24) for 4 of the 6 traps that clearly did well for stable flies in this experiment (the two excluded traps had Bionet and/or PVC).

Except for one high catch in the NZI-COT trap when it was set at the best site (#21) for the week ending on September 9th, the catches in all of these traps were quite similar. It should be safe to use these variations for stable flies, with only some caveats about the substitution of Econet L for polyester netting based on this experiment and others still to be summarized.

Note that in each sequence of three points from left to right for traps other than the continuous line for the turquoise trap, the traps were moved from site 21 to 23 to 24; this corresponds to typically for lower catches as the traps move farther away from the barn, as shown earlier. This is what makes it so hard to get decent insights into trap performance without an awful lot of replication in both time and space.
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Turquoise Traps and Tabanidae
I managed to collect some useful data on how the turquoise trap performed for tabanids at the between experiments Farm1-2-3, but did not collect perfectly-balanced results in terms of sites/days. The best I could do is pool data for several traps set at the same time as the turquoise trap. This provided N=3 or N=4 for several other trap types over four weeks when the turquoise trap was set. These allowed for a crude ANOVA to generate some confidence intervals.

This comparison included one week when the turquoise trap caught 1,652 Tabanidae, most of which were T. quinquevittatus. This colour clearly catches tabanids and is worth some more effort to see if some species responding to a greenish-blue versus a pure blue. This is what I am finding at Russell in other experiments, but I have been frustrated by low numbers whenever I have done the appropriate tests.
Confidence intervals below are very large because of site/day effects. The reason why all of the traps appear to be better than the standard NZI-COT trap is simply because it was at the far sites (25-27) and hence had lower catches during the period when the turquoise trap was set.

The main point from these results is that all of the traps, except the NZI-SUN-CR-BIO trap, did well, including the turquoise trap, which just happened to have the highest catch. I don’t want to read too much into these results as the patterns move around with arithmetic vs log averages,  raw or risk-adjusted data, etc., but this quick test does give me a good justification for continuing to explore how tabanids react to turquoise cloth.
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Main Experimental Results
There were many site-time effects in the last half of the biting fly season. Hence, the LSD in Farm3 was large for Stomoxys calcitrans at 0.270. This translated into critical response ratios of between 0.54-1.86 relative to the NZI-COT trap, i.e. trap catches had to differ by almost a factor of two in order to be significant.

Tabanid numbers declined too quickly during this experiment for good statistics, hence results were collated with other trapping and used in the best way possible for statistical inference.

Stable fly catches in the SUN-BIO and SUN-CRY-BIO traps were about 1/3rd of the standard, I think because of ultraviolet-blocking effects of Bionet and Crystal Clear 20/20 PVC. I have seen this effect with stable flies in experiments with painted plywood traps. This is not a problem for tabanids.
The Econet L substitution had a lower catch, but not a significantly lower catch. This may need to be tested more carefully to get a definitive answer for stable flies.

The Top Notch Ocean Blue polyester is clearly appropriate for stable flies, which I expected given the good colour and texture match to Sunbrella Pacific Blue.

The Top Notch Blue polyester was either equivalent to or better than phthalogen blue cotton.

The TN Blue trap was tested over several months and results were very good.

Tabanid catches in the SUN-CRY-BIO trap were about 1/3rd of the standard, even for Tabanus lineola where I expected a uv-blocking effect to increase catches of this rare tabanid (i.e. rare in Russell). This result is different from what I have seen in other experiments with different kinds of PVC and painted plywood traps. I suspect this is due to the use of uv-blocking Bionet in the back of the trap, but can’t be sure until I review more work done in the summer of 2007.

Tabanid catches were excellent in other traps with the possible exception of the Top Notch Ocean Blue colour, which had lower catches. This is similar to what I have observed in the past with Sunbrella Pacific Blue.

The Top Notch Blue polyester appears to be the best all-round choice for all species and may actually be an improvement over phthalogen blue cotton. This will likely be the focus of future work at the farm in 2008.

One thing to keep I mind when thinking about these results is the large magnitude of what was caught in 2007 at the farm in just a few traps, relative to what is typically caught at my home in Russell using the same techniques in fairly intensive trapping from early spring to late autumn.

Altogether, only 4-7 traps were set continuously at the farm. This resulted in a total catch of 55,515 tabanids and 7,919 stable flies in 559 trap-days of effort. 
The stable fly catch at the farm was about equal to all of the work I have done in Russell between 2001 and 2006 inclusive.

The tabanid catch in just one trap over one week at the farm in mid-season was about equal to the total catch for an entire summer of trapping at my home in Russell.
Russell Trapping Totals from the Nzitrap.com web site…

	Biting Flies
	2001
Totals
	2002
Totals
	2003
Totals
	2004
Totals
	2005 Totals
	2006 Totals

	All Tabanidae
	877
	1,535
	2,661
	2,615
	3,055
	4,584

	Stable flies
	228
	1,436
	1,253
	4,165*
	570
	802


Totals are inclusive of all traps / odour baits

 2001: one unbaited trap, facing west
 2002: one octenol + one unbaited trap, facing mostly EAST
 2003: 4-6 traps facing west, mostly octenol-baited
 2004*: typically 6-8 octenol-baited traps, facing west
 2005: mostly 11 octenol-baited traps, facing west
 2006: 7 octenol-baited traps, facing west
 
*Sticky traps were used late in the year resulting in high stable fly catches
 
Stomoxys calcitrans (Both sexes, male and female patterns were the same)
The NZI-COT trap was at sites 21, 23, 24, nearest to the barn, hence with higher intrinsic catches, during the last three weeks when stable fly numbers were rising.

Dep Var: STOMOXYS   N: 36   Multiple R: 0.9546   Squared multiple R: 0.9113

Source             Sum-of-Squares   df  Mean-Square     F-ratio       P

TYPE$                     3.9465     5       0.7893     15.7523      0.0000

SEQ                       0.8227     5       0.1645      3.2836      0.0252

SITE                      5.5206     5       1.1041     22.0350      0.0000

Error                     1.0021    20       0.0501

	Average of Stomoxys
	 
	Backtrans
	Index of 
	Response

	TYPE$
	Total
	Mean
	Increase
	Ratio

	NZI-COT
	0.941
	7.72
	1.00
	1.00

	NZI-SUN-BIO
	0.372
	1.36
	0.18
	0.27

	NZI-COT-SUN-ECO
	0.714
	4.18
	0.54
	0.59

	NZI-TNB
	1.266
	17.45
	2.26
	2.11

	NZI-TNO
	1.082
	11.07
	1.43
	1.38

	NZI-SUN-CRY-BIO
	0.411
	1.58
	0.20
	0.30

	Grand Total
	0.798
	5.28
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	Arithmetic Weekly Catches
	
	Max Weekly Catches

	Average of Stomoxys
	 
	
	Max of Stomoxys
	 

	TYPE$
	Total
	
	TYPE$
	Total

	NZI-COT
	168.2
	
	NZI-COT
	720

	NZI-SUN-BIO
	14.7
	
	NZI-SUN-BIO
	35

	NZI-COT-SUN-ECO
	67.8
	
	NZI-COT-SUN-ECO
	250

	NZI-TNB
	132.0
	
	NZI-TNB
	268

	NZI-TNO
	114.7
	
	NZI-TNO
	258

	NZI-SUN-CRY-BIO
	15.7
	
	NZI-SUN-CRY-BIO
	44

	Grand Total
	85.5
	
	Grand Total
	720


Top Notch Blue Polyester Trap & Catches of Stomoxys calcitrans

This particular trap was used continuously from late July through early October, so it is possible to get a more robust insight into its performance by pooling data collected for various purposes. Twelve matched data points are available relative to the Nzi-Cot standard as these traps moved among the seven sites through time…
	DATECHK$
	NZI-COT
	NZI-TNB

	29-Jul-07
	1
	1

	5-Aug-07
	1
	1

	12-Aug-07
	1
	1

	19-Aug-07
	1
	1

	26-Aug-07
	1
	1

	9-Sep-07
	1
	1

	16-Sep-07
	1
	1

	23-Sep-07
	1
	1

	2-Sep-07
	1
	1

	30-Sep-07
	1
	1

	7-Oct-07
	1
	1

	21-Oct-07
	1
	1

	Grand Total
	12
	12


	SITE
	NZI-COT
	NZI-TNB
	Balance by sites was good with the NZI-COT having the advantage of being at the best site by the horses (#21) a few more times than NZI-TNB.

Total catch was 5,100 Stomoxys calcitrans 
59% male.


	21
	4
	2
	

	22
	2
	2
	

	23
	1
	1
	

	24
	2
	1
	

	25
	1
	2
	

	26
	1
	2
	

	27
	1
	2
	


Paired comparison on risk adjusted log(X+1) - NOT SIGNIFICANT

	Date
	COT raw
	TNB raw
	Paired samples t-test on COTLOG vs TNBLOG with 12 cases

Alternative = 'not equal'

Mean COTLOG               =       1.0980

Mean TNBLOG               =       1.1717

Mean difference           =      -0.0737

95.00% CI                 =      -0.5295 to 0.3822

SD of difference          =       0.7175

t                         =      -0.3557

df                        =           11

p-value                   =       0.7288


	29-Jul-07
	5
	4
	

	5-Aug-07
	36
	7
	

	12-Aug-07
	111
	44
	

	19-Aug-07
	7
	268
	

	26-Aug-07
	17
	170
	

	2-Sep-07
	2
	127
	

	9-Sep-07
	720
	92
	

	16-Sep-07
	163
	55
	

	23-Sep-07
	100
	80
	

	30-Sep-07
	274
	987
	

	7-Oct-07
	731
	372
	

	21-Oct-07
	538
	190
	


Overall result is for a nonsignificant 18% higher catch in the Top Notch Blue trap 
Note the large confidence interval due to the pronounced site effects whenever the traps were set far away from the barn.

	Average of Stomoxys
	 
	Backtrans
	Index of 
	Response
	Difference
	
	Lower
	Upper

	TYPE$
	Total
	Mean
	Increase
	Ratio
	log means
	Signif
	95% CI
	95% CI

	NZI-COT
	1.098
	11.53
	1.00
	1.00
	
	
	
	

	NZI-TNB
	1.172
	13.85
	1.20
	1.18
	0.074
	
	0.41
	3.38

	Grand Total
	1.135
	12.64
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	Arithmetic Weekly Catches
	
	Max Weekly Catches
	

	Average of Stomoxys
	 
	
	Max of Stomoxys
	 
	

	TYPE$
	Total
	
	TYPE$
	Total
	

	NZI-COT
	225.3
	
	NZI-COT
	731
	

	NZI-TNB
	199.7
	
	NZI-TNB
	987
	

	Grand Total
	212.5
	
	Grand Total
	987
	

	One of these totals was for a two week period at the end of the season
	


Tabanidae July-August (data in Farm123 Tab.xls)
Statistics in Farm3 were not very informative for tabanids as their numbers were dropping rapidly and hence each trap only generated 3 points of useful data. In anticipation of this pattern, I set new traps progressively at sites 25-27 for three weeks at peak tabanid numbers just before farm3, overlapping with Farm1, and by good luck, I have the core of an “unplanned” experiment for the same six traps used in Farm3 at high tabanid numbers. The pattern is shown below…

	SITE
	NZI-COT
	NZI-SUN-BIO
	NZI-COT-SUN-ECO
	NZI-TNB
	NZI-TNO
	NZI-SUN-CRY-BIO

	21
	1
	1
	1
	1
	1
	1

	22
	1
	
	1
	
	
	

	23
	 
	2
	1
	1
	1
	

	24
	1
	2
	1
	1
	
	

	25
	1
	1
	1
	1
	1
	1

	26
	1
	
	1
	1
	1
	1

	27
	1
	
	
	1
	1
	1

	Grand Total
	6
	6
	6
	6
	5
	4


In terms of possible confounding site effects, the NZI-SUN-CRY-BIO trap is the only trap with a sample size of N=4 where results might be a bit lower than other traps because of where the pattern in where this trap was set. Balance through time was good as shown below...

	DATECHK$
	NZI-COT
	NZI-SUN-BIO
	NZI-COT-SUN-ECO
	NZI-TNB
	NZI-TNO
	NZI-SUN-CRY-BIO

	29-Jul
	1
	1
	1
	1
	 
	 

	5-Aug
	1
	1
	1
	1
	1
	

	12-Aug
	1
	1
	1
	1
	1
	1

	19-Aug
	1
	1
	1
	1
	1
	1

	26-Aug
	1
	1
	1
	1
	1
	1

	2-Sep
	1
	1
	1
	1
	1
	1


In the ANOVAs following, confidence intervals and statistical tests were adjusted for unequal sample sizes as necessary.

Catches of tabanids (mostly Tq) in this “experiment” were huge 

33,035 Tabanidae
Tabanus quinquevittatus females (31,881, 96.5% of the tabanid catch)
Dep Var: TAQUIF   N: 33   Multiple R: 0.9867   Squared multiple R: 0.9735

Source             Sum-of-Squares   df  Mean-Square     F-ratio       P

TYPE$                     0.6377     5       0.1275      5.0026      0.0060

SEQ                      10.0267     5       2.0053     78.6541      0.0000

SITE                      1.4772     6       0.2462      9.6565      0.0001

Error                     0.4079    16       0.0255

	Average of TAQUIF
	 
	Backtrans
	Index of 
	Response

	TYPE$
	Total
	Mean
	Increase
	Ratio

	NZI-COT
	1.730
	52.73
	1.00
	1.00

	NZI-SUN-BIO
	1.962
	90.69
	1.72
	1.71

	NZI-COT-SUN-ECO
	1.802
	62.32
	1.18
	1.18

	NZI-TNB
	2.057
	112.96
	2.14
	2.12

	NZI-TNO
	1.611
	39.80
	0.75
	0.76

	NZI-SUN-CRY-BIO
	1.240
	16.36
	0.31
	0.32

	Grand Total
	1.767
	57.50
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	Arithmetic Weekly Catches
	
	Max Weekly Catches

	Average of TAQUIF
	 
	
	Max of TAQUIF
	 

	TYPE$
	Total
	
	TYPE$
	Total

	NZI-COT
	1049.2
	
	NZI-COT
	2676

	NZI-SUN-BIO
	1417.5
	
	NZI-SUN-BIO
	2963

	NZI-COT-SUN-ECO
	1026.7
	
	NZI-COT-SUN-ECO
	3063

	NZI-TNB
	1395.3
	
	NZI-TNB
	2573

	NZI-TNO
	382.0
	
	NZI-TNO
	857

	NZI-SUN-CRY-BIO
	159.8
	
	NZI-SUN-CRY-BIO
	428

	Grand Total
	966.1
	
	Grand Total
	3063


Tabanus quinquevittatus MALES (N=193 only)
Dep Var: TAQUIM   N: 33   Multiple R: 0.8686   Squared multiple R: 0.7545

Source             Sum-of-Squares   df  Mean-Square     F-ratio       P

TYPE$                     0.0727     5       0.0145      0.5056      0.7679

SEQ                       0.8291     5       0.1658      5.7679      0.0031

SITE                      0.1955     6       0.0326      1.1332      0.3876

Error                     0.4600    16       0.0288

	Average of TAQUIM
	 
	Backtrans
	Index of 
	Response

	TYPE$
	Total
	Mean
	Increase
	Ratio

	NZI-COT
	0.213
	0.63
	1.00
	1.00

	NZI-SUN-BIO
	0.236
	0.72
	1.14
	1.06

	NZI-COT-SUN-ECO
	0.184
	0.53
	0.84
	0.94

	NZI-TNB
	0.292
	0.96
	1.52
	1.20

	NZI-TNO
	0.114
	0.30
	0.48
	0.80

	NZI-SUN-CRY-BIO
	0.029
	0.07
	0.11
	0.66

	Grand Total
	0.189
	0.55
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	Arithmetic Weekly Catches
	
	Max Weekly Catches

	Average of TAQUIM
	 
	
	Max of TAQUIM
	 

	TYPE$
	Total
	
	TYPE$
	Total

	NZI-COT
	6.0
	
	NZI-COT
	18

	NZI-SUN-BIO
	10.2
	
	NZI-SUN-BIO
	51

	NZI-COT-SUN-ECO
	5.0
	
	NZI-COT-SUN-ECO
	18

	NZI-TNB
	8.5
	
	NZI-TNB
	17

	NZI-TNO
	2.6
	
	NZI-TNO
	9

	NZI-SUN-CRY-BIO
	0.5
	
	NZI-SUN-CRY-BIO
	1

	Grand Total
	5.8
	
	Grand Total
	51


Tabanus similis females (714, 2.2% of the tabanid catch)
Dep Var: TASIMF   N: 33   Multiple R: 0.9689   Squared multiple R: 0.9388

Source             Sum-of-Squares   df  Mean-Square     F-ratio       P

TYPE$                     0.1132     5       0.0226      1.7829      0.1734

SEQ                       2.1318     5       0.4264     33.5751      0.0000

SITE                      0.2486     6       0.0414      3.2627      0.0273

Error                     0.2032    16       0.0127

	Average of TASIMF
	 
	Backtrans
	Index of 
	Response

	TYPE$
	Total
	Mean
	Increase
	Ratio

	NZI-COT
	0.588
	2.88
	1.00
	1.00

	NZI-SUN-BIO
	0.505
	2.20
	0.77
	0.83

	NZI-COT-SUN-ECO
	0.566
	2.68
	0.93
	0.95

	NZI-TNB
	0.616
	3.13
	1.09
	1.07

	NZI-TNO
	0.410
	1.57
	0.55
	0.66

	NZI-SUN-CRY-BIO
	0.287
	0.94
	0.33
	0.50

	Grand Total
	0.511
	2.24
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	Arithmetic Weekly Catches
	
	Max Weekly Catches

	Average of TASIMF
	 
	
	Max of TASIMF
	 

	TYPE$
	Total
	
	TYPE$
	Total

	NZI-COT
	31.7
	
	NZI-COT
	81

	NZI-SUN-BIO
	22.2
	
	NZI-SUN-BIO
	58

	NZI-COT-SUN-ECO
	23.7
	
	NZI-COT-SUN-ECO
	54

	NZI-TNB
	26.7
	
	NZI-TNB
	63

	NZI-TNO
	12.0
	
	NZI-TNO
	23

	NZI-SUN-CRY-BIO
	7.3
	
	NZI-SUN-CRY-BIO
	16

	Grand Total
	21.6
	
	Grand Total
	81


Tabanus lineola females (N-121 only)

Dep Var: TALINF   N: 33   Multiple R: 0.8910   Squared multiple R: 0.7939

Source             Sum-of-Squares   df  Mean-Square     F-ratio       P

TYPE$                     0.0412     5       0.0082      0.5263      0.7531

SEQ                       0.5843     5       0.1169      7.4631      0.0009

SITE                      0.1855     6       0.0309      1.9738      0.1298

Error                     0.2506    16       0.0157

	Average of TALINF
	 
	Backtrans
	Index of 
	Response

	TYPE$
	Total
	Mean
	Increase
	Ratio

	NZI-COT
	0.201
	0.59
	1.00
	1.00

	NZI-SUN-BIO
	0.080
	0.20
	0.34
	0.76

	NZI-COT-SUN-ECO
	0.192
	0.55
	0.94
	0.98

	NZI-TNB
	0.178
	0.51
	0.86
	0.95

	NZI-TNO
	0.054
	0.13
	0.23
	0.71

	NZI-SUN-CRY-BIO
	0.115
	0.30
	0.52
	0.82

	Grand Total
	0.140
	0.38
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	Arithmetic Weekly Catches
	
	Max Weekly Catches

	Average of TALINF
	 
	
	Max of TALINF
	 

	TYPE$
	Total
	
	TYPE$
	Total

	NZI-COT
	5.2
	
	NZI-COT
	15

	NZI-SUN-BIO
	1.7
	
	NZI-SUN-BIO
	7

	NZI-COT-SUN-ECO
	6.5
	
	NZI-COT-SUN-ECO
	31

	NZI-TNB
	4.5
	
	NZI-TNB
	17

	NZI-TNO
	1.0
	
	NZI-TNO
	3

	NZI-SUN-CRY-BIO
	2.3
	
	NZI-SUN-CRY-BIO
	4

	Grand Total
	3.7
	
	Grand Total
	31


EXPLORATORY WORK WITH STICKY MATERIALS

I did some experimental tests of various colours of plexiglass at Russell in the summer of 2007 to see if I could achieve improved entry into the body of Nzi traps by exploiting the attraction of tabanids to “puddles of water”, etc. (Hall et al., 1998). I did this by adding a triangular plexiglass “floor” to a plexiglass Nzi trap I have been experimenting with for several  years (I tested white, black, transparent, and two kinds of blue plexiglass floors). I was not particularly successful in making traps any better for male or female tabanids, but did stumble across a way to catch a lot of male tabanids without much fuss with another approach. I just did not have the time to pursue this finding in any systematic way.
Hall, M.J.R., Farkas, R. & Chainey, J.E. (1998) Use of odour-baited sticky boards to trap tabanid flies and investigate repellents. Medical and Veterinary Entomology, 12, 241-245.
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I put a translucent blue triangular piece of plexiglass covered in transparent Olson sticky sheets on the grass in my back yard between 11 am and 7 pm on June 10. This was a hot, sunny day when Hybomitra lasiophthalma was abundant. At the end of the day, I had caught 55 male + 12 female H. lasiophthalma, 4 male Chrysops, and 78 female snipe flies. I never had the right match of sunny weather plus free time to follow up on this approach.
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END of DAY at 7 pm


This particular blue is a 1/8 inch piece of Rohm Haas # 2424 Plexiglass MC (Atoglas from Arkema), equivalent in colour to Pantone #288. It is very close to “phthalogen blue” (actual material used is #378 in my fabric database). It is translucent with about 15% visible light transmittance. This is probably about as good as it gets for matching the look of a pool of water from the various options available on the market. 

I was curious to see what would happen next to animals at the farm, so I left two rectangular pieces of sticky plexiglass (18 x 36 inches) right next to the horses on 22 July for a week (right at the peak of the tabanid season). 

I put a transparent piece inside the stable in deep shade, about one meter off the ground with a chipboard panel at the back. I put a translucent blue piece on the south-facing wall of the barn (in bright sun most of the day) in a gap between some broken boards. These sticky materials were very close to where the horses spend most of their day.
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After one week, the Nzi trap just outside the small corral (about 10 m away), had caught 3,155 tabanids (mostly Tq) and 2 stable flies.
The inner clear panel had caught only 4 Tq; the outer blue panel had caught 9 Tq, 1Ts. There were several hundred small muscids on the panels, but no stable flies, horn flies, face flies.
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