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ABSTRACT 

The western yellowjacket wasp (Vespula pensylvanica) invaded Hawai`i’s national parks and 
refuges following its spread throughout the islands in the late 1970s.  The endemic arthropod 
fauna of Hawai`i is thought to be especially vulnerable to these predacious social Hymenoptera, 
and methods of wasp control have been a priority for conservation biology in Hawai`i.  The 
efficacy of the insecticide fipronil mixed with minced canned chicken meat for suppression of 
yellowjacket populations was evaluated in five experimental field trials in Hawai`i Volcanoes 
National Park between 1999 and 2005. Populations of Vespula were monitored in replicate two- 
to four- hectare study areas in mesic montane and seasonal submontane forests, before and 
after application of chicken bait, with and without 0.1% fipronil, and in treatment and non-
treatment areas.  The bait was applied in hanging bait stations for two to three days.  The 
response of yellowjacket wasp populations was measured using at least three different metrics 
of abundance including instantaneous counts of wasps at bait stations, wasp traffic rates at 
Vespula nests, as well as heptyl butyrate trap and/or malaise trap catches in the study areas.  
All indices of wasp abundance exhibited significant reductions in sites treated with fipronil 
compared with non-treatment sites with the exception of malaise trapping, where only a limited 
number of traps were available to be deployed.  Wasp traffic ceased at all Vespula nests in sites 
treated with fipronil within a month after baiting in four of the five trials.  The only trial where 
fipronil failed to terminate yellowjacket nest activity occurred late in the fall when wasps switch 
from feeding on protein to carbohydrate foods.  Based on these data, 0.1% fipronil in chicken 
bait appears to be an effective tool for suppressing local Vespula yellowjacket populations in the 
park and other natural areas during the period of peak wasp activity in the summer and early 
fall months. 

INTRODUCTION 

The western yellowjacket, Vespula pensylvanica (Saussure), is one of three related species of 
social wasps (Hymenoptera: Vespidae) that have been accidentally introduced throughout the 
Pacific in the last half century (Spradbery 1973, Gambino et al. 1990).  The common 
yellowjacket wasp (V. vulgaris) and the German yellowjacket (V. germanica) have caused 
environmental damage to forest ecosystems in areas such as Argentina, Australia, and New 
Zealand since their introduction from Europe beginning in the 1960s (Wilson 2009).  The 
western yellowjacket wasp was introduced to Hawai`i from the Pacific Northwest of the United 
States originally on Kaua`i in 1919, but only spread rapidly to the remaining Hawaiian Islands in 
the late 1970s (Wilson 2009).  All three species form large colonies in paper nests, mostly 
underground, and prey on a broad range of insects, spiders, and other arthropods.  Their 
impact appears to be especially severe in areas where social Hymenopteran predators (ants and 
wasps) are historically absent.  The arthropod fauna of these regions is reported to lack natural 
defences against these generalist predators (e.g., Wilson 1996).  Suppression of alien 
yellowjacket wasp populations in Hawai`i has been identified as one of the highest priorities for 
the conservation of endemic invertebrate biodiversity (Gruner and Foote 2000).   
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Background 

The western yellowjacket wasp is a problem in Hawai`i’s natural areas because it threatens 
public safety, especially at picnic grounds and camping areas, and is causing ecological damage 
through direct predation on endemic arthropods and competing for food with both native 
invertebrates and endemic forest birds (Gambino and Loope 1992, Gruner and Foote 2000, 
Wilson et al. 2011).  In Hawai`i Volcanoes National Park there are reports of major groups of 
endemic insects, such as picture-wing Drosophila, becoming scarce following the spread of 
yellowjackets into the park in 1978 (Foote and Carson 1995, Foote 2000).  Yellowjacket 
predation on invertebrate plant pollinators may also be having secondary impacts on native 
flora.  

Vespula wasps in montane forest ecosystems in Hawai`i undergo seasonal changes in 
population size similar to their counterparts in temperate regions of the Pacific Northwest, with 
peak numbers recorded during the summer and fall months (Gambino and Loope 1992, Gruner 
and Foote 2000).  Historically, efforts to suppress wasp populations in Hawai`i’s national parks 
have focused on limiting numbers of wasps during seasons of maximum density.  Insecticidal 
baits offer the most effective control strategy because they are relatively target-specific and 
able to reduce or eliminate Vespula colonies without the need to physically locate the nest 
(Ennik 1973, Chang 1988, Gambino and Loope 1992, Spurr 1993, Spurr and Foote 2000).  In 
the 1980s bait preferences were tested and Knox-Out 2FM, a microencapsulated formulation of 
diazinon, mixed with canned chicken meat, was recommended as a bait toxicant (Gambino and 
Loope 1992).  However, in December 2000, the EPA registration for this organophosphate 
insecticide was not renewed and alternative bait toxicants have been under study (Spurr and 
Foote 2000).  Research on the efficacy of the insecticide fipronil to control Vespula wasps has 
been carried out in Argentina, Hawai`i, New Zealand, and Australia (Beggs et al. 1998, Spurr 
and Foote 2000, Harris and Etheridge 2001, Sackmann et al. 2001). 

Fipronil is a phenylpyrazole compound that blocks neurological inhibition by the gamma amino 
butyric acid-regulated chloride (GABA) channel (Colliot et al. 1992), acting with stomach and 
contact action.  It is used as an insecticide and has proven to be effective against a range of 
piercing-sucking and chewing invertebrate pests, including ticks, aphids, thrips, leafhoppers, 
planthoppers, beetles, weevils, fleas, flies, and ants (Colliot et al. 1992, Collins and Callcott 
1998, Scharf and Siegfried 1999, Harris and Etheridge 2001, Wirth et al. 2004).  For house flies 
(Musca domestica), the oral LC50 is 0.39 mg/l (Colliot et al. 1992), and the topical LD50 is 0.13 
mg/kg (Hainzl and Casida 1996).  For rats (Rattus norvegicus), the acute oral LD50 is 100 
mg/kg, and the acute dermal LD50 is >2000 mg/kg (Colliot et al. 1992).  The selective toxicity of 
fipronil is due in part to the greater sensitivity of the GABA receptor in insects than mammals 
but it is also dependent on the relative rates of conversion to the more persistent and less 
selective sulfone metabolite and desulfinyl photoproduct (Hainzl et al. 1998).  Field efficacy 
trials for fipronil on Vespula germanica (Sackmann et al. 2001), V. vulgaris (Harris and 
Etheridge 2001), and V. pensylvanica (Spurr and Foote 2000) suggest that it is fast-acting and 
effective for yellowjacket wasp control at low concentrations.  However, we have limited 
information on the ability of fipronil to suppress wasp populations over multiple years. 
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Objectives 

The goal of this report is to describe the results of field experiments between 1999 and 2005 
that demonstrate the efficacy of fipronil mixed with minced canned chicken meat as a tool for 
suppression of yellowjacket populations in Hawai`i Volcanoes National Park.  We provide the 
first multi-year results using hand-mixed 0.1% fipronil in chicken meat in order to evaluate 
consistency of efficacy trials over multiple seasons. 

METHODS 

Study Areas 

The experimental trials took place within two different habitat types: mesic montane and 
seasonal submontane forests in Hawai`i Volcanoes National Park (Figure 1).  The mesic 
montane forest locations were situated at an elevation between 1150 m and 1300 m on the 
southeast slope of Mauna Loa approximately 3 km northwest of Kīlauea crater.  Two distinct 
vegetation formations are found in the mesic montane study sites: a closed to semi-open forest 
comprised of `ōhi`a (Metrosideros polymorpha), koa (Acacia koa), and soapberry (Sapindus 
saponaria) and forest savannah with dense grass and scattered `ōhi`a. 

The seasonal submontane forest sites were located at an elevation of approximately 914 m on 
the southern slopes of Kīlauea. The forest is composed of an open canopy of scattered large 
`ōhi`a  and māmane trees (Sophora chrysophylla), with an open alien grassland understory 
dominated by molasses grass (Melinis minutiflora).  In addition, the study area exhibits dense 
stands of small `ōhi`a, intermixed with alien fire tree (Morella faya), and an understory of 
mixed native woody species, including `a`ali`i (Dodonaea viscosa), `ōhelo (Vaccinium 
reticulatum), pūkiawe (Leptecophylla tameiameia), and native fern species. 

Study Design 

The efficacy of fipronil as a tool for yellowjacket wasp control was measured in five 
experimental trials conducted in Hawai`i Volcanoes National Park in 1999, 2003, and 2005.  
Vespula populations were monitored prior to and following applications of fipronil baits.  The 
number and size of each trial was limited by experimental use permits issued by the Hawai`i 
Department of Agriculture to a total of four hectares.  Two efficacy trials were conducted in 
September–November 1999, one in October–December 2003, and two in August–November 
2005 (Table 1).  In 1999 and 2005 the study design consisted of two 2-hectare (200 m x 100 
m) fipronil treatment and non-treatment areas, each at least 700 m apart.  In 2003, a single 4-
hectare (200 m x 200 m) treatment area (and associated non-treatment area) was used.  Years 
with high wasp abundance were chosen for the trials, and timing of the treatments was based 
upon the number of wasps observed. 

Field Trials 

Hand-mixed 0.1% fipronil chicken bait was prepared from fipronil concentrate (provided by 
Adventis Crop Science, Australia) and minced Valley Fresh® canned chicken meat.  Xstinguish, 
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Figure 1. Study sites in Hawai`i Volcanoes National Park. 

 
 
a manufactured 0.1% fipronil experimental chicken meat bait designed for the control of wasps 
in “amenity and horticultural areas,” produced by Bayer Crop Science (formerly Adventis Crop 
Science) in Australia, was utilized during the 2003 efficacy trial.  The baits were stored 
overnight in a refrigerator for use early the following morning in the field.  

Field application followed the methods developed by Spurr and Foote (2000).  Bait stations 
were made from 2 oz (59.1 ml) plastic portion cups, with lids attached, and with four 17 mm 
diameter holes in the sides of the cups for yellowjackets to enter and exit through.  About 20 g 
of bait was placed in an open 0.5 oz (14.8 ml) plastic portion cup, with lids removed, inside 
each bait station.  
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The bait stations were hung from vegetation 1–2 m above ground by a wire through the lids.  
Forty-five bait stations were placed 25 m apart in a systematic grid, producing a density of 16 
bait stations per hectare.  
 
Three days of pre-treatment with minced chicken meat lacking fipronil were conducted to 
attract foraging yellowjackets to the field sites and measure relative forager abundance 
between sites following methods outlined by Spurr and Foote (2000).  Following pre-treatment, 
minced chicken meat with fipronil added was offered in the same bait stations for two to three 
consecutive days at all treatment sites, while untreated chicken continued to be offered at non-
treatment sites.  After two to three consecutive days of exposure to fipronil, chicken meat 
lacking fipronil was applied to all sites for two days of post treatment to measure changes in 
forager abundance following the fipronil treatment.  Several times throughout each baiting day 
the amount of bait removed by yellowjackets was visually estimated to the nearest 5%, making 
an attempt to allow for dehydration, and bait was replaced after 24 hours (Spurr and Foote 
2000).  

Wasp Abundance 

Four indices of yellowjacket abundance were measured: 

Nest Traffic Rates: Abundance of wasps at active Vespula colonies within the study areas and at 
some colonies up to 250 m outside the study areas was measured by counting the traffic rate of 
foragers entering and leaving nest holes and computing a mean of three replicate counts in 
each direction before and up to one month after treatment (n = 1–8 nests in each area).   

Table 1.  Treatment sites, habitat type, and bait combinations used for yellowjacket wasp 
suppression trials. 

Trial Site Treatment 
Dates of Bait Application/ 
Habitat Type  

1 

 

Kīpuka Kī Minced chicken only 28–30 September 1999/ 

Kīpuka Puaulu 0.1% Fipronil with minced chicken Mesic Montane forest 

2 Hilina Pali 1 Minced chicken only 28–30 September 1999/ 

 Hilina Pali 3 0.1% Fipronil with minced chicken Seasonal Submontane forest 

3 Ainahou Ranch 1 Minced chicken only 3–5 November 2003/ 

 Ainahou Ranch 2 0.1% Fipronil with minced chicken Seasonal Submontane forest 

4 Kīpuka Kī Minced chicken only 13–15 September 2005/ 

 Kīpuka Puaulu 0.1% Fipronil with minced chicken Mesic Montane forest 

5 Ainahou Ranch 1 Minced chicken only 10–12 October 2005/ 

 Ainahou Ranch 2 0.1% Fipronil with minced chicken Seasonal Submontane forest 
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Instantaneous Counts: Numbers of foraging yellowjacket wasps visiting bait stations was 
determined from instantaneous counts of wasps present at bait stations before and after 
treatment in both fipronil treatment and non-treatment sites.  Instantaneous counts were 
repeated four to five times each day. 

Heptyl Butyrate Trapping: The number of yellowjackets caught in Seabright Yellowjacket Inns 
baited with 1.5 ml of heptyl butyrate set before and after fipronil baiting on a 25 x 50 m grid 
within each area (n = 4–14 traps in each area).  

Malaise Trapping: The number of yellowjackets caught in a Townes-type and a BioQuip malaise 
trap installed within each study area for one to two weeks prior to and following treatment in 
2003 and 2005.  The 1999 efficacy trial did not utilize malaise traps.  

Non-Target Arthropod Observations 

The presence of non-target arthropods at bait stations was recorded during instantaneous 
counts of Vespula workers at the bait stations.  Where possible, specimens were collected for 
taxonomic determination.   

Environmental Conditions 

Average daily temperature and rainfall were obtained from two weather stations located in 
Hawai`i Volcanoes National Park for the month before and month after treatment.  The weather 
stations consisted of an interagency remote automated weather station (RAWS) located on the 
southern slopes of Kīlauea (ca. 1050 m, seasonal submontane zone) and a National Park 
Service weather station located at the Hawai`i Volcanoes National Park visitor center (ca. 1200 
m, mesic-wet zone).  

Statistical Analysis of Data 

Differences between the pooled experimental treatment (fipronil and non-fipronil) data were 
determined from the treatment x date interaction in a GLM estimate model.  All the data were 
transformed to percentage of pre-treatment activity prior to performing statistical analysis.  
Differences between the treatments of the individual efficacy trials were determined from the 
treatment x date interaction term in a repeated analysis of variance.  The malaise and heptyl 
butyrate trap-catch data were log+1 transformed in order to approximate a normal distribution.  
Only Vespula colonies (nests) within 25 m of bait stations were used in the statistical analysis of 
nest traffic rates.  All statistical tests were performed using SYSTAT® version 11 (SYSTAT 
Software Inc. 2004).  

RESULTS 

Bait Removal 

During pre-treatment with minced chicken meat, a mean of 47.6% (SD = 0.355, min = 6.8%, 
max = 97%) of the bait was removed within 24 hours at all the sites.  On the first day of 
baiting with fipronil, a mean of 23.9% of the pre-treatment bait take was removed in the 
treatment areas (SD = 0.006, min = 17.9%, max = 34.4%), compared with 82.7% in the non- 
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treatment areas (SD = 0.23, min = 51.4%, max = 107%).  On the second day of fipronil 
baiting, a mean of 9.5% of the pre-treatment bait take was removed in the treatment areas  
(SD= 0.13, min = 2%, max = 32.1%), compared with 80.5% in the non-treatment areas (SD = 
0.318, min = 50.9%, max = 123%; Figure 2).  The trends of bait removed from the bait 
stations over time differ significantly between the fipronil and the non-fipronil study sites (F 2,16 

= 5.40, P = 0.02).   
 

 

 
 
Bait take during the third day of treatment was not included in the analysis because in 1999 
bait take estimates weren’t recorded for the third day, and in the 2005 mesic montane forest 
trial heavy rain prevented observations on day three.  During the 2003 and 2005 seasonal 
submontane trials, bait take on the third day of fipronil baiting was estimated to be 0.01–1% of 
the pre-treatment bait take.  These amounts are approximate because of the difficulty of 
estimating small amounts of bait removed (i.e., less than 5%) versus loss due to bait 
dehydration and the error associated with visual estimates.  All of the bait observed being 
removed from the bait stations was removed by foraging Vespula yellowjackets.  Some non-
target arthropods were also occasionally observed at bait stations, and ants, in particular, may 
have removed small amounts of bait from a small number of traps, but this was not observed 
(see below). 
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Table 2.  Mean number of yellowjackets counted before and after fipronil baiting in Hawai`i Volcanoes National Park. (a) number per 
minute in and out of nests, (b) number per bait station, (c) number per heptyl butyrate lured trap, and (d) number of wasps caught in 
Malaise traps (sample size in brackets).  Habitat is indicated by site (MM = Mesic Montane; SS = Seasonal Submontane). 

Site Year Treatment Numbers of yellowjackets pre-treatment and post-treatment 

   (a) per min/nest (b) per bait station  (c) per heptyl trap 
(d) per malaise 
trap/day 

   Pre Post Pre Post Pre Post Pre Post 

MM 1999 Fipronil  21 (8) 0.86 (8) 2.2 (45) 0.09 (45) 62.51 (4) 1.86 (14) NA NA 

MM 1999 Non-Fipronil 11.4 (8) 15.19 (8) 2.1 (45) 1.24 (45) 45.36 (6) 16.36 (14) NA NA 

SS 1999 Fipronil  16 (2) 0.54 (2) 0.6 (45) 0.01 (45) 171.93 (14) 8.85 (14) NA NA 

SS 1999 Non-Fipronil 30 (1) 47.01 (1) 0.5 (45) 0.58 (45) 73.36 (13) 31.43 (13) NA NA 

SS 2003 Fipronil  35.78 (4) 10.25 (4) 0.7 (90) 0.006 (90) 63.8 (5) 4.6 (5) 0.58 (12) 0.08 (12) 

SS 2003 Non-Fipronil 26.46 (3) 13.02 (3) 0.26 (90) 0.07 (90) 34.4 (5) 3.4 (5) 2.21 (12) 0.17 (12) 

MM 2005 Fipronil  104.87 (3) 6.46 (3) 1.07 (45) 0.06 (45) 41.2 (10) 8 (10) 1.31 (26) 0.05 (28) 

MM 2005 Non-Fipronil 23.54 (4) 33.34 (4) 1.91 (45) 1.57 (45) 30.82 (10) 106.6 (10) 4.96 (26) 13.95 (28) 

SS 2005 Fipronil  21.72 (4) 0.16 (4) 0.75 (45) 0.14 (45) 39.9 (10) 9.1 (10) 5 (16) 0.214 (28) 

SS 2005 Non-Fipronil 4.39 (3) 3.21 (3) 0.25 (45) 0.23 (45) 22.9 (10) 6.6 (10) 1.51 (16) 0.43 (28) 
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Indices of Vespula Abundance 

Nest Traffic Rates: Mean nest traffic rates before treatment ranged from 4.4 to 105 yellow-
jackets per minute in the different study areas (Table 2).  Following fipronil baiting, mean 
traffic rates at nests within the fipronil treated sites declined rapidly, by a mean of 60% (SD = 
32, min = 9.5%, max = 97%) after one day and 95% (SD = 9.7, min = 77%, max = 100%) 
after two weeks, as a percentage of pre-treatment traffic rates (Figure 3).  All 17 nests within 
four of the five fipronil-treated areas ceased activity within two weeks.  The fifth fipronil-treated 
site (2003) was an exception where no nests completely ceased activity during the month of 
observation following treatment.  The trends in yellowjacket nest traffic rates over time differed 
significantly between treatment (fipronil) and non-treatment areas for the pooled data and for 
four of the five individual trials (Table 3; see also Figure 4).   
 

Figure 3. Post-treatment counts of the instantaneous number of yellowjackets on baits as a 
percentage of pre-treatment counts in treatment (fipronil) and non-treatment areas (100% = 
no change pre- to post-treatment). 

 
 
During the four trials conducted in 1999 and 2005, the nest traffic rates of eight nests outside 
the fipronil-treated plots were recorded prior to and following the fipronil treatment.  In 1999, a 
nest 75 m outside the mesic montane treatment area died within two weeks of treatment, while 
the traffic rates of two nests 250 m outside the treatment area declined by an average of 96% 
after one month.  In 2005, a nest 125 m and a nest 210 m outside the mesic montane 
treatment area declined by approximately 85% a month after treatment.  Two nests, 120 m 
and 105 m, outside the 2005 seasonal submontane treatment area died within a week, whereas 
a nest 100 m outside the treatment grid remained at pre-treatment levels throughout the 
month following fipronil baiting.  The nests outside the non-treatment areas remained around 
pre-treatment levels with the exception of one nest that died two weeks after treatment.  
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Table 3.  Results of the treatment-by-date interaction in a repeated analysis of variance between the treatments (chicken only 
vs. fipronil/chicken) for the activity indices of the individual toxicant trials and the treatment-by-date interaction in a GLM 
estimate model between the treatments (non-fipronil and fipronil) for the activity indices of the pooled toxicant data.  Habitat is 
indicated by site (MM = Mesic Montane, SS = Seasonal Submontane). * Indicates no variation in dependent values.   

Site Year Activity Indices 

  (a) Nest Traffic Rates (b) Instantaneous Counts (c) Heptyl  Traps (d) Malaise Traps 

  F value df P F value df P F value df P F value df P 

MM 1999 4.26 8, 112 <.001 8.02 12, 1128 <.001 NA NA NA NA NA NA 

SS 1999 35.92 8, 8 <.001 1.738 17, 68 0.057 21.99 1,1 <.001 NA NA NA 

SS 2003 1.73 17, 68 0.06 13.16 2, 4 0.017 1.707 4, 32 0.33 * * * 

MM 2005 9.58 20, 100 <.001 9.58 4, 1192 <.001 18.84 9, 162 <.001 5.39 7, 14 0.004 

SS 2005 4.43 17, 68 <.001 30.47 4, 1332 <.001 4.8 9, 162 <.001 * * * 

Pooled ALL 40.77 1, 70 <.001 4.495 1, 29 0.043 7.927 1, 76 0.01 1.537 1, 24 0.227 
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Figure 4. Post-treatment nest activity (ratio of treatment/non-treatment nest traffic rates) as a 
percentage of the pre-treatment activity. 

 
 
Instantaneous Counts: The mean number of yellowjackets counted on baits before fipronil 
baiting ranged from 0.25 to 2.2 in the different study areas (Table 2).  Numbers declined 
rapidly to approximately zero three to four hours after fipronil baiting in the treatment areas, 
whereas they increased in the non-treatment areas.  Six to seven hours after fipronil baiting  
and throughout the remainder of the experimental trials dead wasps were found at the 
entrances of nests in the treatment areas and workers not yet affected were seen carrying out 
dead larvae.  Two weeks after treatment the number of yellowjackets counted on baits was 
6.4% (SD = 9.92, min = 0.79%, max = 26%) of the pre-treatment number in the treatment 
areas, whereas it was 155% (SD = 135, min = 25, max = 372) of the pre-treatment number in 
non-treatment areas (Figure 3).  Trends in the counts of yellowjackets on baits over time 
differed significantly between treatment and non-treatment areas for the pooled data and for 
four of the five individual trials (Table 3).  

Heptyl Butyrate Trapping: The mean number of yellowjackets caught in heptyl butyrate traps 
before fipronil baiting ranged from 22.9 to 171.9 per trap in the different study sites (Table 2).  
On average post-treatment trap catch numbers were 15% of the pre-treatment numbers (SD = 
15.6, min = 0%, max = 65%) in the fipronil-treatment sites and 130% of the pre-treatment 
numbers (SD = 190, min = 5.3%, max = 885%) in the non-treatment sites (Figure 5).  Trends 
in the number of yellowjackets caught in traps over time differed significantly between fipronil-
treatment and non-treatment areas for the pooled data and for three of the four individual trials 
that used heptyl butyrate traps (Table 3).  
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Figure 5. Post-treatment heptyl butyrate trap catch as a percentage of the pre-treatment catch 
in treatment (fipronil) and non-treatment areas (100% = no change pre- to post-treatment). 

 
Malaise Trapping: The mean trap catch preceding treatment ranged from 0.58 to 5 wasps per 
trap per day (Table 2).  The mean post-treatment trap catch was 10.6% (SD = 18.7, min = 
0%, max = 57%) of pre-treatment catch in fipronil-treatment sites and 90% (SD = 116, min = 
0%, max = 316%) of pre-treatment catch in non-treatment sites (Figure 6).  Trends in the 
number of yellowjackets caught in traps over time did not differ significantly between fipronil-
treatment and non-treatment sites for the pooled data and were significant for one of the three 
individual trials that utilized malaise traps (Table 3).  

Non-Target Arthropod Observations 

In the mesic montane forest sites, the lance fly, Lonchaea striatifrons (Malloch 1920) was the 
most commonly observed non-target invertebrate at bait stations, but observations occurred on 
only 1% of the chicken baits deployed.  Scuttle flies, probably the phorid Megaselia scalaris, 
were also occasionally observed running over baits.  A single endemic planthopper, the 
Delphacid Aloha ipomoeae (Kirkaldy 1904) was also collected from a mesic montane forest bait 
station.  
 
Non-target arthropods were more commonly observed at bait stations in the seasonal 
submontane forest sites.  The most common was the Calliphorid blowfly, Dyscritomyia fasciata, 
a poorly resolved but endemic species complex.  Calliphorids were observed at 4–12% of the 
bait stations and all blowflies collected were D. fasciata.  Pipunculid big headed flies (Cephalops 
sp.) were also occasionally observed on baits (<1% of the bait stations).  Among other non-
target invertebrates, the only species present at >1% of the bait stations was the invasive big-
headed ant, Phaeidole megacephala (1.7% of bait stations).  Other taxa observed (<1% of bait 
stations) included an unidentified moth (Lepidoptera), grasshoppers (Orthoptera), click beetles 
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Figure 6. Post-treatment malaise trap catch as a percentage of the pre-treatment catch in 
treatment (fipronil) and non-treatment areas (100% = no change pre- to post-treatment). 

 
 
(Coleoptera: Elateridae), plant bugs (Hemiptera: Miridae), leafhoppers (Homoptera: 
Cicadellidae), jumping plant lice (Homoptera: Psyllidae), a Polistes paper wasp (Hymenoptera: 
Vespidae), and a single honey bee (Hymenoptera: Apidae).  Details on non-target arthropods 
attracted to the baits used in this study have been reported elsewhere (Foote et al. in review). 

Environmental Conditions 

Average daily temperatures were similar in the month before treatment, during the three days 
of treatment, and the month after treatment in all areas (Table 4).  In the 2005 mesic montane 
trial, approximately 0.7 in (17.8 mm) fell during the first two days of fipronil baiting and 2.9 in 
(73.7 mm) on the third day, preventing the deployment of fipronil bait that day.  Rainfall events 
did not coincide with experimental baiting or occur during the two weeks before and after 
treatment in other trials. 

DISCUSSION 

Fipronil (0.1%) in minced chicken meat was effective in suppressing western yellowjacket wasp 
populations when deployed in bait stations within Hawai`i Volcanoes National Park in five 
experimental trials between 1999 and 2005.  In both mesic montane and seasonal submontane 
forest habitat, three of the four pooled yellowjacket abundance indices (including instantaneous 
counts, nest traffic rates, and heptyl butyrate trap catch) showed large reductions in wasp 
numbers and all 17 yellowjacket nests in the 1999 and 2005 fipronil treatment areas ceased 
activity following baiting.  These results support the conclusion that fipronil with chicken meat  
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Table 4.  Average daily temperature (°F) and rainfall (inches) at the study sites for the month 
preceding treatment, three days of fipronil baiting, and month following treatment.  Habitat is 
indicated by site (MM = Mesic Montane, SS = Seasonal Submontane). 

   During 3-Day Treatment Period  

  
Month 
Preceding Trial Day 1 Day 2 Day 3 

Month  
Following Trial 

Site Year 
Avg. 
Temp 

Rain/ 
Day 

Avg. 
Temp 

Rain/ 
Day 

Avg. 
Temp 

Rain/ 
Day 

Avg. 
Temp 

Rain/ 
Day 

Avg. 
Temp  

Rain/ 
Day 

MM 1999 59.01 0.11 59.71 0.0 58.71 0.0 60.74 0.035 59.54 0.17 

SS 1999 67.2 0.076 68.05 0.0 67.67 0.0 68.04 0.0 66.16 0.059 

MM 2003 67.97 0.041 66.58 0.0 65.83 0.01 64.63 0.07 65.55 0.2 

MM 2005 63.48 0.14 63.91 0.67 64.94 0.68 63.99 2.91 63.99 0.37 

SS 2005 68.97 0.16 68.28 0.01 66.83 0.17 69.76 0.03 66.53 0.11 
 
 

bait is an effective tool for controlling seasonal populations of the western yellowjacket wasp in 
Hawai`i. 

In the 2003 trial, the fipronil treatment significantly reduced Vespula abundance based upon 
instantaneous counts at bait stations, but none of the nests (n = 4) within the fipronil treatment 
area ceased to be active during the month following fipronil baiting.  The 2003 trial differed 
from the 1999 and 2005 trials in three major respects.  It was the only trial that employed a 
canned pre-mixed fipronil/chicken meat bait supplied by the manufacturer, we used a single 4-
hectare treatment area instead of two 2-hectare treatment areas, and 2003 was also the only 
trial conducted in the late fall (November instead of September or early October).  While these 
differences in experimental procedures for 2003 may be confounded, we have no other 
evidence to indicate that the pre-mixed canned fipronil/chicken bait was any less effective, and 
the larger treatment area should not have reduced efficacy.  In contrast, there seems to be 
support for the conclusion that this trial was carried out too late in the fall to differentiate 
treatment effect from natural seasonal colony decline. 

Historically, the yellowjacket population in the park peaks around late September in seasonal 
submontane habitat and is followed by a steep decline in numbers in November.  This is a time 
of queen production and many seasonal colonies either die off or show reduced activity through 
the winter.  Because the 2003 trial was carried out in November, it was likely conducted during 
colony decline, whereas the 1999 and 2005 trials were conducted during periods of active 
colony growth.  As a consequence, changes in yellowjacket foraging behavior and colony 
structure may have contributed to the reduced bait take and bait distribution within the nest.   
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Research on foraging behavior of yellowjacket wasps suggests that food preferences among 
foragers during colony decline shifts from protein to carbohydrates (Akre et al. 1976, Gambino 
and Loope 1992).  This may help explain why average nest traffic rates were considerably 
higher prior to fipronil baiting during the 2003 trial compared with the 1999 and 2005 seasonal 
submontane trials, yet pre-treatment bait take was only 70 g/ha (grams/hectare) in 2003 
compared with 350 g/ha in 1999 and 101 g/ha in 2005—an average of about three times as 
much in 1999 and 2005 compared with 2003.  The combination of high colony activity coupled 
with low chicken bait removal in 2003 strongly suggests that by November workers in our study 
areas were focused on foraging for carbohydrates rather than protein.  Additionally, the natural 
colony decline likely contributed to the dropping instantaneous counts and nest traffic rates 
after fipronil baiting, but may have prevented the complete demise of the nests.  After colony 
decline has set in, workers continue to bring in protein prey, but much of it is removed by nest 
mates and never offered to the larvae (Akre et al. 1976).  This behavior could have prevented 
the little fipronil bait that was brought back to the colonies by foragers from being fed to larvae.  

In 1999 and 2005, we were able to locate active yellowjacket colonies (nests) both within and 
outside of our experimental sites.  Wasp nests outside our treatment areas also exhibited a 
treatment effect from the deployment of fipronil bait.  In mesic montane habitat, activity at 
active yellowjacket colonies located at distances 125 m, 210 m, and 250 m from the treatment 
sites was reduced 85–95% compared to pre-treatment levels.  In seasonal submontane habitat, 
wasp nests 75 m, 105 m, and 120 m outside the treatment areas completely ceased activity 
following application of fipronil bait.  The treatment effect beyond the experimental sites is 
likely a result of the large foraging range of workers in this species.  Akre and Davis (1978) 
have shown that foragers from V. pensylvanica colonies in the Pacific Northwest will travel up to 
300 meters from their colonies in search of protein.  However, reduction in nest traffic rates 
beyond the treated area was generally not as high as within the experimental sites.  The large 
foraging range relative to our two-hectare experimental sites also probably influenced the 
observed post-treatment heptyl butyrate trap catches in the fipronil-treated sites during the 
1999 and 2005 trials.  Foraging wasps most likely flew in from active colonies in the wider area, 
because all known nests within the study sites had completely ceased activity.  

For management and conservation purposes, we need to evaluate the efficacy of fipronil for 
yellowjacket control over areas larger than two hectares and measure net gains in reduction of 
wasp reinvasion rates.  The extent and speed with which wasps reinvade fipronil-baited sites is 
dependent upon both the size of the treatment areas and the level of intra-specific competition 
within the area.  Foraging yellowjackets may increase their foraging range when food is scarce 
and, especially, when a new food source is available and not being exploited (Spurr 1993). The 
numbers of foragers caught in heptyl butyrate traps during post-treatment monitoring was less 
than 15% of pre-treatment trap catch.  The number of yellowjackets within the study sites after 
fipronil baiting was significantly lower as indicated by the activity indices, but foragers were still 
present, especially on the edges of the treatment sites.  In order to reduce the probability of 
reinvasion, an expansion of the localized suppression of wasp populations achieved in this study 
needs to be conducted to determine the management potential of fipronil baiting over a large 
area, such as a mesic montane kīpuka (ca. 50 ha). 

We have demonstrated that only small quantities of fipronil bait need to be deployed for 
effective local control.  The amount of fipronil 0.1% in chicken bait entering the environment 
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due to foraging yellowjackets was estimated to be an average of 55 ± 45 g in the mesic 
montane trials and 80 ± 92 g in the seasonal submontane trials over the three-day treatment.  
All of that bait was presumably carried to a relatively small number of underground colonies.  
Wasp suppression was obtained with a density of 16 bait stations per hectare established in a 
systematic 25 x 25 m grid.  In contrast, Harris and Etheridge (2001) reported similar levels of 
efficacy in a study targeting the common yellowjacket, Vespula vulgaris, in New Zealand with 
more widely spaced bait stations (50 x 50 m and 50 x 100 m).  The results from New Zealand 
combined with our observations of treatment effects outside our experimental sites suggest that 
success may be achieved with fewer bait stations per hectare than the density we employed in 
the current study. 

The short field exposure time and low application rate necessary for effective yellowjacket 
control using fipronil also reduces the risk of non-target impacts to native arthropods.  Gambino 
and Loope (1992) recommended baiting with Knox-Out 2FM (microencapsulated diazinon) over 
three weeks for control of yellowjacket wasps.  We achieved equal or better results with fipronil 
with just three days of exposure.  The rapid action and small quantities of fipronil bait needed 
to effectively suppress yellowjacket populations means the bait does not need to be left out in 
the field for more than two to three days in a given area for effective wasp control.  The fipronil 
exposure times employed in this study should be viewed as a maximum and shorter baiting 
periods are showing promising results (Hanna et al. in prep). 

The reduced effectiveness of the 2003 late fall applications of fipronil indicates the need for 
further research on the optimal timing of baiting for suppression of seasonal wasp control.  It 
would also be valuable to better establish the range of population impacts outside of the direct 
treatment sites.  This can be done with more effort devoted to detecting and mapping active 
Vespula colonies over a larger area prior to application of fipronil or simply designing a trapping 
grid to detect reductions in foraging workers farther away from treatment sites. 

Our efficacy studies were carried out away from picnic grounds and camping areas.  It remains 
unclear whether or not wasps in public use areas will exhibit similar bait preferences.  One 
could argue that wasps may have established foraging patterns to scavenge around areas of 
public use and may be less attracted to the addition of minced chicken meat in such an area.  
These sorts of questions can be easily addressed experimentally for wasp suppression programs 
targeting public use areas.  It would be interesting to initially target areas of high endemic 
arthropod biodiversity (such as the mesic montane forest kīpukas) and simply evaluate whether 
or not adjacent public use areas also experienced reduced wasp activity.  It is still an open 
question how large an area is effectively treated when deploying fipronil baits, but we are 
optimistic that broad area control can be accomplished given the observed high efficacy of 
fipronil/chicken bait and the large foraging range of the western yellowjacket wasp. 
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