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Abstract 
 
An efficacy trial to measure attenuation of mosquito abundance by residual 
barrier type treatment using Bistar 80SC® was conducted at Club Pelican Golf 
Course, Caloundra, Qld over September and October 2004. The vegetation 
fringing the tee-off area, fairway and green area of the 16th hole and tee-off 
area of the 17th hole were treated at the label rate (0.1% AI Bifenthrin SC) by 
Solo® back pack blower to produce an (approx.) 4 metre wide and 3 metre 
high residual barrier to mosquitoes dispersing from extensive salt-marsh and 
freshwater breeding sites south of the course.  
 
Efficacy was measured by difference in mosquito abundance between the 
fairway margin and in adjoining riparian forest from 3 replicate pairs of baited 
light traps. Two Bistar 80SC®applications were assessed. The first made on 
26 Sep 04 provided 75% attenuation (P = 0.035) of mosquitoes. The second, 
8 weeks following, on 26 Nov 04 provided 92% attenuation (P = 0.020) on 
initial sampling. 
 
The results of the trial demonstrated that this form of control was effective at 
attenuating a high proportion of mosquitos dispersing from un-protected to 
protected areas. 
 
1.0 Introduction. 
 
 The Club Pelican Golf Course is located in Caloundra City, Queensland. The 
course occupies a portion of land constrained on its southern boundary by a 
riparian forest buffer to Bells Creek. The creek drains into Pumicestone 
Passage approximately 1 km east of the golf course. 
 
Significant portions of Pumicestone passage provide suitable habitat for the 
salt-marsh mosquito, Ochlerotatus vigilax. Extensive lands comprising native 
forest, plantation pine forest and agricultural land exist south and west of the 
general location of the golf course. This habitat provides opportunity for many 
fresh/brackish water breeding mosquito species. 
 
Since it commenced operation several years ago, the golf course has been 
subject to seasonal infestation by mosquitoes particularly following tide/rainfall 
inundation of salt-marsh and subsequent production of Oc vigilax. The 
operators of the golf course have attempted to provide control of mosquitoes 
by use of larvicides to control breeding within their land and by supply of 
insect repellents to players. These measures however have not proved 
effective as the source of much of the mosquito activity lies outside golf 
course land and the frequent high intensity of seasonal mosquito attack. 
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The operators of the golf course, Titanium Golf, commissioned Mosquito 
Consulting Services Pty Ltd to conduct an efficacy trial of the residual 
synthetic pyrethrin, Bistar 80SC® (8% AI Bifenthrin as an aqueous suspension 
concentrate) to selected portions of the golf course as a means of reducing 
mosquito abundance. 
 
2.0 Materials and Methods. 
 
The efficacy of Bistar 80SC®was assessed by comparison of mosquito 
collections taken from areas required to be protected (treated) against areas 
un-protected (un-treated). The primary form of mosquito collection was by 
light trap.  
 

2.1 Field Location  
 

The areas of the golf course identified by the operator as most adversely 
effected by mosquito attack was the 16th hole tee-off area, southern margin of 
the fairway and green area and the 17th hold tee-off area. These lay adjacent 
to the course’s southernmost boundary, bounded by the riparian forest buffer 
zone and are first in line to receive northward dispersing mosquitoes from 
their southern breeding sites. 
 
Plate 1: Bells Ck and Golf Course Test Areas 
 
 
 
 
 
 
 
 
 
 
 
 
 
17th Tee,  16th Green, Fairway, Tee Bells Ck 
 
 2.2 Mosquito Light Traps 
  
Mosquito trapping was undertaken by light traps of a standard type produced 
by H.A. Standfast. Plate 2 shows the trap design. Traps were baited with dry 
ice and the chemo-attractant, Octenol (1-octen-3-ol). Traps were operated 
from around 5:00pm to 7:00 am each night of operation. 
 
Mosquitoes captured by light traps were collected into 70% alcohol. 
Collections were removed and identified by microscopy to species in the 
laboratory. Species and abundance was recorded for each trap location and 
date of collection (see Table 1).  
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Plate 2 Light trap at Un-controlled site 3 in riparian forest buffer to Bells Ck. 
 
       
 
 
 
 
 
 
 
 
 
   

 
 
 
 
 
 
 
2.3 Trap locations 

 
Three replicated pairs of light traps were established between the 16th hole 
tee-off area and green. Three traps were located approximately 1 m inside the 
tree line on the southern margin of the 16th fairway and spaced at 
approximately 100 m intervals. Three traps were located within the adjacent 
riparian vegetation margin between the fairway and Bells Ck. Plate 3 shows 
the locations of these traps. 
 
Plate 3: Light trap and treatment locations. 
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Pre-treatment trapping was undertaken to assess the general level of 
mosquito activity and measure the relative abundance of mosquitoes for the 
fairway margin (protected) area and riparian forest (un-protected) area traps. 
The objective was to adjust trap locations, before treatment, to attempt to 
minimise any significant differences between mosquito collections from 
protected and un-protected areas and allow post-treatment differences in trap 
collections to reflect the effect of the treatment alone and not any underlaying 
bias produced as an artefact of arbitrary trap placement.   
 

2.4 Barrier application 
 
Bistar 80SC®was applied per the label directions as a 0.1% active aqueous 
mix to fringing vegetation to tee-off, fairway and green areas (see plate 3 for 
treatment areas). Application was made using a Solo® back pack power 
sprayer operated at low engine speed and flow rate of 3 l/min to deliver large 
droplets (> 200µ) to vegetation surfaces. The application was made to a width 
of approximately 4 metres and a height of 2.5-3 metres by spraying shrubs, 
small trees and long grass along the fairway margin. Plate 4 shows the 
application method. Standard application rates were maintained by observing 
a “point of run-off” technique. The first application was made on 27 September 
2004. A re-treatment was undertaken on 25 November 2004. 
 
Plate 4: Application of Bistar 80SC®  
along 16th fairway. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

2.5 Weather Monitoring 
 
Rainfall is a major determinant of mosquito activity. Measurements of rainfall 
and other weather parameters including wind strength were recorded by the 
Golf Course operator’s automated weather station (Plate 4). Data from the 
weather station logger were provided to assist with interpretation of trapping 
results. 
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Plate 4. Club Pelican’s  
automated weather station 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Weather station data for Sep, Oct and Nov is reproduced in Appendix 1.  
 

2.6 Statistical Analysis 
 
For each collecting night, mosquito numbers from light traps in the un-
protected areas and protected areas, respectively, were combined to calculate 
the mean number of mosquitoes per trap and standard deviation. These 
values were analysed for distribution normality and statistically significant 
difference using a standard t-test with a 95% (P < 0.05) confidence interval. 
Control efficacy was described as a per % reduction by the formula: 
 
  % Reduction = Mean # Untreated – Mean # Treated  X 100 
      Mean # Untreated 
 
The statistical analysis and graphing was performed using SigmaStat ® 

software. 
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3.0 Results 
 

3.1 General trapping results 
 
The barrier assessment was based on a total of 30 trap nights which 
produced 5,370 mosquitoes from 19 species and 6 genera. Table 1 shows the 
raw collection data for the barrier assessment.  
 
Table 1: Light trap data from treated barrier trial 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
The pre-treatment trapping on 26-27 Sep 04 produced 764 mosquitoes 
(including 559 Oc vigilax). The subsequent three collections produced 
together only produced 514 mosquitoes. 
 
Rainfall in the month prior to treatment was recorded at 12.8 mm. There was 
no rainfall recorded for 37 days post treatment. Over the next 36 days a total 
of > 300 mm of rain was recorded.  
 
Over the assessment period, Oc vigilax was the most abundant mosquito. It 
represented 44% of the total. It was followed by Culex annulirostris - 17%, 
Mansonia uniformus - 8%,  Cquillettidia linealis - 7%, and Varrallina funerea – 
6%. The above species collectively represented 82% of the total. The 
remaining 14 species made up the balance. Around 80 % (by number) of the 
mosquitoes collected came from 20% of the species represented. 

 
 3.2 Pre-treatment trapping comparison. 
 

Graph 1 shows the comparison between the numbers of mosquitoes collected 
from the finally selected trap sites. Across the 6 trap sites 764 mosquitoes 
were collected. Analysis of the numbers collected from the chosen un-
protected and protected trap locations showed no significant difference with P 
> 0.05 (actual P = 0.581). This result indicates there were no underlying bias 
in collections from one site of the barrier to the other and post-treatment 
results should be a reflection of barrier efficacy. 
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Graph 1: Pre-treatment trapping for un-protected  
and protected site selection. 

 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 

 
3.3 Post-treatment trapping comparison 

 
Graph 2 shows the treatment performance on the three occasions trapping 
was undertaken following the initial treatment in September.  
 
  Graph 2: Post treatment trapping from un-protected 

and protected sites 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The analysis of collections on the first two post-treatment sampling occasions 
indicate there was not a statistically significant difference between un-
protected and protected sites with P > 0.05 (actual P = 0.265 & 0.132 
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respectively). The overall numbers of mosquitoes collected on those 
occasions were 27 and 117 respectively.  
 
On the 3rd trapping occasion, 21-22 Oct, mosquito numbers had increased to 
a total of 370. Calculation gave a reduction of 66% and P < 0.05 (actual P = 
0.012).    
 
When the data from the three trapping occasions was grouped, the overall 
performance of the 1st application was 75% control with strong statistical 
certainty of P = 0.035 (see graph 3). 
 
  Graph 3: Overall treatment efficacy assessment from 
  1st application. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.4 Re-treatment Assessment 
 
Re-treatment of the barrier occurred on 25 November 2004 (approx 8 weeks 
following the first). The treatment and assessment methodology was unaltered 
and the same areas were treated per the first application. Mosquito numbers 
had greatly increased from those collections made previously. A total of 4,092 
mosquitoes were collected from the 6 traps in one night. The striking increase 
in mosquitoes followed several large thunder storms that yielded around 300 
mm of rain over the preceding 3 weeks.  
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Plate 5: Re-treatment collections from  
25-26 November 2004 

  
 
 
 
           Protected Sites 
 
 
 
 
      Un-protected Sites 
 
 
 
 

Replicate Pairs       1-2   3-4     5-6 
 
 
Plate 5 provides a visual comparison of collections between the three 
unprotected and protected sites. For the statistical treatment, Graph 4 shows 
the comparison between un-protected and protected trap locations. The re-
treatment provided 92% reduction in mosquitoes with a strong statistical 
confidence (P = 0.020).  
 

Graph 4: Re-treatment Assessment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.0 Discussion 
 
Pre-treatment trapping on 26-27 September had shown there were 
reasonable numbers of mosquito present to give good data on the initial 
treatment’s efficacy. On the evening following the treatment however (the first 
assessment trapping night), strong winds suppressed mosquito activity 
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sharply. The collections diminished from 764 to 27 over the intervening 24 
hours. 
 
Continuation of dry windy weather to mid October kept the general mosquito 
population relatively low with the collection total raising to only 370 a month 
post-treatment. For the assessment collection taken on 21-22 October, 
however a statistically significant difference was recorded. This provides 
opportunity for a re-assessment of the treatment’s performance for previous 
collections. 
 
A statistically valid result on the 21-22 October would indicate that, had the 
mosquito population remained relatively high over the preceding time, the 
results would likely also have been significant. The poor confidence value 
recorded in the first two post-treatment collections was likely a function of a 
lack of mosquitoes to challenge the treatment rather than a reflection of poor 
treatment efficacy. 
 
The re-treatment protocol was identical to the first treatment. The results 
following re-treatment gave 92% control with high statistical certainty with 
abundant mosquitoes to challenge the treatment. It is considered reasonable 
to conclude that the first treatment would also have provided more clear 
evidence of efficacy had more mosquitoes been present to smooth out the 
statistical vagaries. 
 
The overall treatment efficacy for the 1st treatment was recorded at 75% (P = 
0.035). This result is considered a characterisation of successful control. The 
re-treatment result of 92% (P = 0.020) also is consistent with a claim of 
successful control. 
 
 
5.0 Conclusions 
 
The technique of applying Bistar 80SC® as a residual barrier treatment to 
attenuate passage of mosquitoes from southern breeding sites into the golf 
course has been shown to be effective in the context of this study. It provides 
for practical applications lasting 6-8 weeks.  
 
The relatively recent availability of this product provides an opportunity for the 
golf course operators to select it to manage dispersing mosquitoes as need 
dictates. It should be considered part of an integrated mosquito management 
strategy for the golf course that also includes controlling mosquito breeding 
on-site and providing information to players on mosquito activity. 
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6.0 Recommendations 
 

• Bistar 80SC®barrier treatments should be made to the areas identified 
in this report as required. 

• Periodic measuring of control efficacy should be maintained and 
reported to the operators to ensure treatments remain effective. 

• Barrier treatments should only be used corresponding to the seasonal 
appearance of mosquitoes in pest numbers. 

• Barrier treatments should be considered as one aspect of an integrated 
mosquito management program for the golf course that also includes 
control of on-site mosquito breeding and providing information to 
players and staff. 
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Appendix 1 
Raw Data: Club Pelican Golf Course Weather Station 

Sep, Oct, Nov 2004. 
September 2004 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
October 2004 
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November 2004 
 
 
 


