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ABSTRACT: We isolated and characterized semiochemicals associated with the Western mosquitofish, Gambusia affinis, that influence
oviposition by Culex tarsalis. Semiochemicals were isolated from water containing mosquitofish using solid-phase microextraction (SPME)
and liquid-phase chromatography and were analyzed using a variety of chemistry techniques, mainly gas-chromatograph mass spectrometry
(GCMS). These compounds, as well as the natural blend of semiochemicals, were presented to gravid female Cx. tarsalis to determine
their affect on ovipositional site-selection. The volatile compounds identified to date appear to act as an oviposition attractant, indicating to
the female that a suitable oviposition site is present. The non-volatile class of compounds appears to be acting as an ovipositional deterrent.

INTRODUCTION

Culex tarsalis, the Western encephalitis mosquito, is one of
the important vectors of arboviruses in western North America.
It is responsible for the maintenance, amplification and epidemic
transmission of Western Equine Encephalomyelitis (WEEV)
virus, St. Louis Encephalitis (SLEV) virus, and is currently a
predominant vector of West Nile virus (WNV) in the western
U.S. The USDA-APHIS has highlighted WEE and Eastern
Equine Encephalomyelitis viruses as “Animal Health Emerging
Issues” because these arboviruses have the potential to impact
United States animal agriculture. Culex tarsalis is also the
predominant vector of WEEV in the U.S and breeds readily in
large bodies of water, such as natural and man-made wetlands.

While searching for oviposition sites, female insects will most
likely encounter a range of microhabitats over which survival of
offspring varies. Several components of habitat quality could
influence offspring survival, such as the density of competitors,
seasonal duration (e.g. vernal or temporary pools), overall
productivity of the habitat (e.g. available food resources) and the risk
ofpredation present (Angelon and Petranka 2002). Natural selection
should then favor ovipositing females that can assess habitat quality
and choose microhabitats that would maximize offspring survival.
Gravid female mosquitoes use a combination of cues from the
environment, including physical, biological and chemical, to select
oviposition sites (Bentley and Day 1989; Isoe and Millar 1995).

More recently investigators have begun looking at the
semiochemical(s)producedbyfish,specificallykairomones,andhow
they affect site selection during oviposition by female mosquitoes
(Ritchie and Laidlaw-Bell 1994; Angelon and Petranka 2002; Van
Dam and Walton 2008; Pamplona et al. 2009; Walton et al. 2009). A
kairomone is defined as a semiochemical that mediates interactions
between individuals of different species, where the information
transfer is beneficial for the receiver but not the individual producing
the signal, also called the sender (Bronmark and Hansson 2012).

To date, the vast majority of these chemical compounds have
yet to be identified and their efficacy as potential control agents
has not been evaluated. Previous research has shown that female
mosquitoes respond to the chemical signature(s) put off by certain
fish species in breeding sites, leading to a decrease in number of

egg rafts/eggs laid (Van Dam and Walton 2008; Pamplona et al.
2009; Walton et al. 2009; Why et al. 2016). This response was
seen in both laboratory and field trials. Van Dam and Walton
(2008) found that Cx. farsalis responds strongly to the presence
of fish-associated chemicals in oviposition sites. On average,
four times as many egg rafts were laid on control water when
compared with water conditioned with fish in the laboratory.

In our current study, we isolated and characterized
semiochemicals associated with the Western mosquitofish,
Gambusia affinis. Semiochemicals were isolated from water
containing  Gambusia-semiochemicals using  solid-phase
microextraction (SPME) and liquid-phase chromatography
and analyzed using a variety of chemistry techniques,
mainly gas-chromatograph mass spectrometry (GCMS).
These compounds, as well as the natural blend of
semiochemicals, were presented to gravid female Cx. farsalis
to determine their affect on ovipositional site-selection.

METHODS

Culex tarsalis adults were reared from a colony derived
from wild individuals collected from San Jacinto, CA in 2001.
Culex tarsalis larvae were reared in enamel pans under standard
laboratory conditions. The resulting adults were allowed to
feed on a 10% sucrose mixture and hydrated raisins sprinkled
with 5 ml of granulated sugar. Once each week, female
mosquitoes were fed overnight on a 2—5-d-old restrained chick.

Mosquito oviposition preference was tested in binary choice
assays. Semiochemical-laden water was made during 3-day
incubations in the laboratory. Ten fish were fed ad libitum on
flaked fish food for 24 h in a 18.5 liter plastic bucket containing
10 liters of aged tap water. On day 2, the fish were moved to a
clean bucket containing 10 liters of aged tap water and allowed
to empty their guts. On day 3, the fish were moved to a new,
clean container holding 10 liters of aged tap water. The fish were
removed after 24 h and the latter fish-conditioned water was used
to test ovipositional responses of the mosquitoes. The control
consisted of 10 liters of tap water that had been aged using an
aerator for 24 h in same type of 18.5 liter plastic bucket. The tap
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water was not treated in any way, nor was anything added to it.

Within 18 h of ingesting a bloodmeal, 30 blood-fed female
Cx. tarsalis were aspirated into cages measuring 30 by 30 by 30
cm’® (Model # 1450B; Bioquip Products, Rancho Dominguez,
CA). After 3-4 days had elapsed, gravid females in each cage were
presented with two white 200-ml wax-lined cups (Solo Cup Co.),
containing either 150 ml of fish-conditioned water or the control.
Oviposition cups were replaced daily. Three to six replicate cages
were used in each trial. Mosquitoes were allowed to lay egg rafts
for three successive nights. The number of egg rafts in each cup
was counted. Each gravid female mosquito was used only once.

Semiochemicals were isolated from water containing
mosquitofish using solid-phase microextraction (SPME) and
liquid-phase chromatography and were analyzed using a variety
of chemistry techniques, mainly gas-chromatograph mass
spectrometry (GCMS). These compounds, as well as the natural
blend of semiochemicals, were presented to gravid female Cx.
tarsalis to determine their affect on ovipositional site-selection.

RESULTS

Our current results indicate that there are two classes of
chemical compounds associated with mosquitofish that affect
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oviposition behavior: volatile and non-volatile. In laboratory
bioassays the natural blend of these compounds led to a reduction
in the number of egg rafts laid by female Cx. tarsalis, (N=7, P <
0.036). Three volatile compounds appeared to act as an oviposition
attractant, indicating to the female that a suitable oviposition site is
present with adequate larval resources, i.e. food source. The non-
volatile class of compounds appeared to act as an ovipositional
deterrent. It is only when female Cx. tarsalis land on the water and
taste the chemicals present that she was deterred from ovipositing.

ACKNOWLEDGEMENTS

The authors would like to thank Dr. Margaret Wirth, David
Popko and other members of the Walton lab, as well as Kathleen
Campbell, for their assistance with the project. Funding was
provided by the Department of Entomology, the Anderson
Endowed Scholarship in Immature Insects, the Robert and
Peggy Van den Bosch Scholarship, the Jameson Foundation
Scholarship and US Department of Agriculture National Institute
of Food and Agriculture, Hatch project 1007869. The vertebrate
animals in these experiments were used in accordance with fair
treatment of animals under protocols 20130030 and 20160029 in
compliance with the Institutional Animal Care and Use Committee.

REFERENCES

Angelon, K. A., and J. W. Petranka. 2002. Chemicals of predatory mosquitofish (Gambusia affinis) influence selection of
oviposition site by Culex mosquitoes. J. Chem. Ecol. 28: 797-806.

Bentley, M. D., and J. F. Day. 1989. Chemical ecology and behavioral aspects of mosquito oviposition. Ann. Rev.

Entomol. 34: 401-421.

Bronmark, C., and L. Hansson. 2012. Chemical Ecology in Aquatic Systems. Oxford University Press Inc. New York.

Isoe, J., and J. G. Millar. 1995. Characterization of factors mediating oviposition site choice by Culex tarsalis. J. Am.

Mosq. Control Assoc. 11: 21-28.

Pamplona, L. G. C., C. H. Alencar, J. W. O. Lima, and J. Heukelbach. 2009. Reduced oviposition of Aedes aegypti
gravid females in domestic containers with predatory fish. Trop. Med. Int. Health. 14: 1347-1350.

Ritchie, S. A., and C. Laidlaw-Bell. 1994. Do fish repel oviposition by Aedes taeniorhynchus. J. Am. Mosq. Control Assoc.

10: 380-384.

Van Dam, A. R., and W. E. Walton. 2008. The effect of predatory-fish exudates on the ovipositional behaviour of three
mosquito species: Culex quinquefasciatus, Aedes aegypti and Culex tarsalis. Med. Vet. Entomol. 22: 399—404.

Walton, W. E., A. R. Van Dam, and D. A. Popko. 2009. Ovipositional responses of two Culex (Diptera: Culicidae) species

to larvivorous fish. J. Med. Entomol. 46: 1338-1343.

Why, A. M., J. R. Lara and W. E. Walton. 2016. Oviposition of Culex tarsalis (Diptera: Culicidae) differs on water
conditioned by potential fish and insect predators. J. Med. Entomol. 53: 1093—-1099.

2017



	PROCEEDINGS AND PAPERS
	Mosquito and Vector Control Association of California
	2017 Sustaining Members
	Table of Contents
	William C. Reeves New Investigator Award
	Entomological and Socio-behavioral Components of Dog Heartworm (Dirofilaria immitis) Prevalence in Two Florida Communities
	Differentiating Geospatial and Temporal Larval Habitats of Anopheles gambiae complex in Two Urban Agricultural and Non-Agricultural Environments in Accra, Ghana
	Surveillance for Mosquito-borne Encephalitis Virus Activity in California, 2016
	Managing invasive Aedes under the threat of Zika and other exotic arboviruses
	Mapping past, present, and future climatic suitability for invasive Aedes aegypti in the United States: a process-based modeling approach
	Boots on the Ground: Aedes Suppression in Los Angeles County
	Combined applications of VectoBac® WDG with a Curtis Dyna Fog® LV-8 and AquaDUET® with a Clarke® ProMist against invasive Aedes in San Gabriel Valley, Los Angeles County, California
	Fighting Aedes Aegypti in the Desert
	Zika Control Communication and Treatment Implementation Strategies in San Diego County
	Aedes aegypti in California: Evaluating a Novel Strategy in Response to a New Invasion
	Braden Court: Comprehensive Source Reduction Program to Eliminate Aedes Aegypti
	Model-based assessment of the vector potential of California's urban mosquitoes for Zika virus
	Finding Funding to Fight the New Guys in Town: Aedes Aegypti and Aedes Albopictus
	Field evaluation of a one gallon-sized oviposition trap for invasive Aedes mosquito surveillance.
	Zika in the Rockies: Utah Mosquito Abatement Districts Aid CDC Workers Investigate Two Curious Zika Infections
	Using MALDI-TOF Mass Spectrometry to rapidly identify invasive Aedes eggs in California
	Importance of Relationship Building and Collaborating with Key Partners and Elected Officials
	Using local CERT (Community Emergency Response Team) Trained Volunteers for Assistance in West Nile Virus Outreach
	Raising An Army in the War on Zika
	Fighting Invasive Aedes Through Education and Outreach in Los Angeles County
	Voles, House Mice and NextDoor (Neighborhood Networking and Vector Control Services)
	Fact, Fiction, and the Unbelievable Truth
	Preparing Residents in Clovis, CA for the Release of 640,000 Male Aedes Aegypti Into Their Neighborhood
	Development, implementation, and evaluation of repellent distribution pilot program
	Old Bones, New Face: Managing a Mosquitofish Program from the Ground Up
	Impact of nutritional supplementation with Spirulina and Chlorella on development rates and pathogen resistance in Gambusia affinis
	South San Joaquin Valley Region Mosquitofish Health Workshop
	Observations of Mosquitofish Stocking Densities and Production in Intensive Aquaculture Systems
	Testing the Effectiveness of Barley Straw as an Algaecide or Growth Inhibitor
	Developing a Viable Supplemental Protein Feed for Mosquitofish using Aquatic Organisms
	The Mosquitofish and Biocontrol Subcommittee: Looking Back and Ahead
	CalSurv Gateway: Mapping and Data Visualization Tools for Invasive Aedes
	Implementation of MapVision, a Geospatial Data Management System, and Entrance into the Information Age
	Fighting Vector-borne Disease – Putting the Pieces Together with Geospatial Solutions
	Alameda County Mosquito Abatement District 2016 Update
	Alameda County Vector Control’s Wildlife Programs
	Control of Urban Wildlife in Alameda County
	Vector control response to an elevated WNV health risk adjacent to sensitive natural habitat
	Evidence-based Thresholds for Adult Mosquito Control
	Continued Aerial ULV Adulticide Trials in Salt Lake City, Utah
	Using Vector Index To Determine When To Conduct Ultra-low Volume Aerial Adulticide Mosquito Control Operations Over Urban Areas
	Hidden Sources of Mosquitoes in the Underground Storm Water Conveyance Systems in the San Gabriel Valley, Los Angeles County, California
	What Lies Beneath: A Practical Approach to Mosquito Suppression in Underground Storm Drains
	Mandated Trash Capture Devices: Impeding Trash Without Impeding Mosquito Abatement
	Mosquito Control Challenges at the Largest Waste Water Treatment Facility west of the Mississippi – Hyperion Treatment Plant
	The Effect of a Robust Abatement Policy on Efforts to Control Mosquitoes in the San Gabriel Valley, Los Angeles County, California
	Lysinibacillus sphaericus resistance in Culex pipiens in Salt Lake City, UT
	Evaluation of Natular G30 and Artesian Wells
	Culex erythrothorax: Temporal Pattern of Adult Activity and Resistance to Pesticides
	Adulticides Etofenprox and Pyrethrin: Laboratory and Field Investigations
	Organophosphate Use as a Pyrethroid Resistance Management Strategy ~ Why It May Not Be the Solution We Are Looking For
	Laboratory and Field Assays of Adulticides
	Modeling the Efficacy of Aerial Spraying on the Relative Abundance of Culex tarsalis and Culex pipiens
	Epidemiology of Zika Virus in California
	Establishment of an Aedes sierrensis colony for laboratory bioassays
	Ovipositional responses of Culex tarsalis to fish-associated semiochemicals in laboratory bioassays
	Ectoparasite Treatment of Wild Rodents in Suburban Parks to Reduce Ticks and Tick-Borne Disease
	The Possible Role of Invasive Hedera (ivy) Species in the Amplification of Ixodes Pacificus Abundance and Prevalence of Borrelia burgdorferi sensu stricto in a Park in Oakland, CA
	Tick-borne Disease Surveillance in Wild Rodent Populations
	Vector Control, We Mite Have a Problem: Biting Arthropods on a School Campus
	Increased Incidence of the Tropical Rat Mite (Ornithonyssus bacoti) in Alameda County, CA and Control Concepts for Mite Infestations
	Oriental Cockroach (Blatta orientalis) Ecology and Control in Residential Alameda County
	The Persistent Threat of Flea-borne Rickettsiosis in the San Gabriel Valley, Los Angeles County, California
	Reverse Transcription Quantitative Polymerase Chain Reaction (RT-qPCR): Singleplex for West Nile Virus and Multiplex for WNV, St. Louis and Western Equine Encephalomyelitis Viruses
	Current Status of West Nile virus Dead Bird Surveillance Programs in the United States



