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ABSTRACT: We tested the oviposition response of Culex mosquitoes to the predator Nofonecta irrorata in an outdoor
artificial pool experiment employing equal numbers of control and predator pools. There was a strong oviposition avoidance
by Culex of Notonecta pools; 83% of egg rafts were found in control pools during the period in which Nofonecta were
present. After removing Nofonecta, mosquitoes continued to avoid ovipositing in the former Notonecta pools for two additional
days suggesting a predator-released kairomone as the cue used by the mosquitoes to detect the presence of this predator.
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INTRODUCTION

Natural selection should favor female mosquitoes, whose
aquatic larvae are vulnerable to predation, that are able to
detect aquatic predators and avoid ovipositing in sites with
high risk of predation. A small but growing body of literature
indicates that this is the case for some mosquito-predator
systems. Experiments have shown evidence for oviposition
avoidance of aquatic predators in the following mosquito-
predator combinations: Anopheles punctipennis-bluegill
sunfish (Petranka and Fakhoury 1991); Culex pipiens
complex-mosquitofish (Angelon and Petranka 2002), Culex
pipiens quinquefasciatus-Notonecta hoffmani (Chesson
1984); Culex laticinctus- Notonecta maculata (Kiflawi et al.
2003), Culiseta longiareolata-Anax imperator (Stav et al.
1999; Stav et al. 2000), C. longiareolata-N. maculata
(Blaustein et al. 2004) and C. longiareolata-Anisops sardea
(Eitam et al. 2002). In some cases (Angelon and Petranka
2002; Blaustein et al. 2004), but not all (Stav et al. 2000),
one important cue used by the mosquitoes was predator-
released kairomones.

In this study, we experimentally examined the possible
oviposition habitat selection in response to risk of predation
for another prey-predator combination: Culex species and the
backswimmer Notonecta irrorata Uhler. We also
experimentally determined whether any oviposition avoidance
was due to a predator-released kairomone. N. irrorata is
common in woodland pools near St. Louis, MO, where this
study took place (L. Blaustein personal observation). It is a
general predator that can potentially have large impacts on
pond community structure (Wilbur 1997). Mosquito densities
have been shown to be lower in experimental plots containing
N. irrorata (Neri-Barbosa et al. 1997), but the contributions
of'this reduction due to direct consumptive predation and due
to behavioral avoidance (i.e., oviposition habitat selection)
have not been investigated.

MATERIALS AND METHODS

On 7 September 2004 (day 0), eight circular red plastic
tubs (45 cm diameter, 35 cm height) were set up in a residential
area of St Louis, MO under a thick, mixed tree canopy of
Carya cordiformis, Ulmus americana, and Alanthus altissima.
Inter-pool distances ranged from 0.5 to 2 m. On the same
day, 15 cm (volume = 24 L) of tap water and 60 g of dry leaf
litter (consisting of a mixture of the three canopy species)
were added to each pool.

We counted and removed mosquito (Culex) egg rafts for
two days (days 1-2) prior to adding Notonecta. This “pre-
Notonecta period” allowed us to determine if the pools
randomly assigned to treatment and control were, by chance,
different in attracting oviposition by the mosquitoes.

On day 2, we added to each Notonecta pool two adult V.
irrorata collected from nearby natural ponds three days earlier.
They were deprived of food during these three days prior to
adding them to the experimental pools. This density was high
enough to elicit strong oviposition avoidance responses by
some mosquitoes to other Notonecta species in Israel (e.g.,
Eitam and Blaustein 2004). We did not observe any
colonization of predators into the experimental pools. The
absence of predator colonization was expected given
considerable distance (>1 km) from any ponds (Wilcox 2001).
Egg rafts collected the morning after Notonecta introduction
(day 3) were excluded from analysis, an a priori decision
because of the possibility that Notonecta kairomones could
not sufficiently build up by the first night. The next four days
(days 4-7) constituted the Notonecta period in which egg rafts
were counted on the first, second, and fourth day of this period.
As this short period demonstrated a highly significant effect
(see Results), we terminated this part of the experiment. We
then removed Notonecta from the pools and followed
oviposition over the next six days (days 8-13). This “Post-
Notonecta period” allowed us to assess whether any effects
of Notonecta on oviposition remained even after the predators
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Table. 1. Analysis of variance (pre-Notonecta period) and repeated measures analyses of variance (Notonecta and post-
Notonecta periods) comparing pools assigned to predator and control pools. Statistically significant P-values (<0.05) are in

bold.
Treatment Time Treatment x Time
Period df |F P df. |F P d.f. F P
Pre-Notonecta 1,6 {040 |0.552 | -- - -- - - --
Notonecta 1,6 | 17.82 1 0.006 | 1,6 |5.21]0.062 | 1,6 0.01 | 0.923
Post-Notonecta | 1,6 | 0.60 | 0.468 | 2,12 | 2.26 | 0.146 | 2,12 | 6.52 | 0.012

were no longer present. Fewer egg rafts in former Notonecta
pools would indicate a predator-released kairomone (Blaustein
et al. 2004).

Because egg rafts were not always counted every day,
we analyzed data as egg rafts per pool per two days. A one-
way analysis of variance (ANOVA) was performed on egg
raft data during the pre-Notonecta period. During the
Notonecta and post-Notonecta periods, we analyzed data as
repeated measures ANOVA. Data were natural-log
transformed (In[y+1]) due to violations of homogeneity of
variance. Mauchly’s criterion test for sphericity indicated that
no adjustments to degrees of freedom were necessary in
within-subjects factors.

RESULTS

Of the six egg rafts collected in control pools, three were
Culex pipiens and three were Culex restuans. Likewise, there
were three of each species for the six egg rafts collected from
predator pools. We thus refer to the egg raft counts generically
as “Culex” egg rafts.

During the pre-Notonecta period, Culex egg raft

abundance was not significantly different in predator and
control pools (Table 1, Figure 1). During the Notonecta period,
egg raft abundance was considerably lower in the predator
pools; 83% of the egg rafts were found in control pools during
this period (Table 1, Figure 1). Upon removing the Notonecta,
egg raft abundance was still considerably lower in the former
predator pools during the first two days but not during four
and six days after predator removal (Treatment x time
interaction: P=0.012; Figure 1).

DISCUSSION

We demonstrated that Culex mosquitoes can detect and
avoid the predatory backswimmer Notonecta irrorata in an
artificial pool experiment. Because we identified larvae to
species level from only a small fraction of egg rafts, and both
C. pipiens and C. restuans were present, we can only be certain
that at least one of the species responded to the predator when
ovipositing. Growing evidence suggests that many mosquitoes
can detect and avoid some, but not all, predators. Of the two
species ovipositing in this experiment, at least some members
of the C. pipiens complex have been shown to avoid
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Figure 1. Mean Culex egg rafts per pool per two-day periods. Pools were created and filled with water on day 0. Notonecta
irrorata were added on day 2 and removed on day 7. Error bars are + one standard error.
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mosquitofish (Angelon and Petranka 2002) and another
notonectid species (Chesson 1984) when ovipositing. The
effects of predators on oviposition habitat selection in C.
restuans have not been investigated, although this mosquito
has been shown to selectively oviposit in response to food
level and conspecific density (Reiskind and Wilson 2002).

We also demonstrated that the cue is a chemical. The cue
remained detectable for two and possibly three days after
removal of the predator itself. Blaustein et al. (2004)
demonstrated that a Noftonecta released kairomone, under
similar experimental conditions, remained detectable by
Culiseta longiareolata for seven-eight days. This mosquito
cannot chemically detect other predators such as odonates
and urodeles (Stav et al. 2000, Blaustein 1999, Blaustein
unpublished data). We suspect that the chemical(s) released
by different backswimmer species and detected by different
mosquitoes in California (Chesson 1984), Israel (Eitam et al.
2002, Blaustein et al. 2004), and now the midwestern U.S.A.
is (are) the same or similar, although this remains to be
determined.

These demonstrations of oviposition habitat selection by
mosquitoes in response to predators have implications for how
we experimentally assess the effects of aquatic predators on
mosquito populations and the consequences of this behavior
on mosquito populations (Spencer et al. 2002). Experiments
assessing effects of predators on mosquito larvae that assume
random oviposition when selective oviposition occurs likely
overestimates the effect of the predator on mosquito
populations. The kairomone, once chemically characterized,
may be used as a mosquito control method. However, how
effective a mosquito management method the application of
such a kairomone to mosquito breeding habitats might be
remains to be determined with empirical works and modeling.

Acknowledgments

We thank Linda McCuiston and Eric Larsen for verifying
mosquito and backswimmer identifications, respectively.
Comments by Avi Eitam, Marc Klowden, and an anonymous
reviewer improved the manuscript. The study was supported
by Israel Science Foundation Grant 600/02 awarded to LB.

REFERENCES CITED

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.

Blaustein, L. 1999. Oviposition habitat selection in response
to risk of predation: Consequences for populations and
community structure. In: S. P. Wasser (ed.) Evolutionary
processes and theory: Modern perspectives. pp. 441-
456. Kluwer Academic Publishers.

Blaustein, L., M. Kiflawi, A. Eitam, M. Mangel, and J.E.
Cohen. 2004. Oviposition habitat selection in response
to risk of predation: Mode of detection and consistency
across experimental venue. Oecologia 138: 300-305.

Chesson, J. 1984. Effect of notonectids (Hemiptera:
Notonectidae) on mosquitoes (Diptera: Culicidae):
Predation or selective oviposition? Environ. Entomol.
13: 531-538.

Eitam, A., L. Blaustein, and M. Mangel. 2002. Effects of
Anisops sardea (Hemiptera: Notonectidae) on oviposition
habitat selection by mosquitoes and other dipterans and
on community structure in artificial ponds.
Hydrobiologia 485: 183-189.

Eitam, A. and L. Blaustein. 2004. Oviposition habitat selection
by mosquitoes in response to predator (Notonecta
maculata) density. Physiol. Entomol. 29: 188-191.

Kiflawi M, L. Blaustein, and M. Mangel. 2003. Predation-
dependent oviposition habitat selection by the mosquito
Culiseta longiareolata: a test of competing hypotheses.
Ecol. Lett. 6: 35-40.

Neri-Barbosa, J.F., H. Quiroz-Martinez, M.L. Rodriguez-
Tovar, L.O. Tejada, and M.H. Badii. 1997. Use of
Bactimos briquets (B.t.i. formulation) combined with the
backswimmer Notonecta irrorata (Hemiptera:
Notonectidae) for control of mosquito larvae. J. Amer.
Mosq. Contr. Assoc. 13: 87-89.

Petranka, J.W. and K. Fakhoury. 1991. Evidence of a
chemically-mediated avoidance response of ovipositing
insects to bluegills and green frog tadpoles. Copeia 1:
234-239.

Reiskind, M.H., E.T. Walton, and M.L. Wilson. 2004.
Nutrient-dependent reduced growth and survival of larval
Culex restuans (Diptera: Culicidae): Laboratory and field
experiments in Michigan. J. Med. Entomol. 41: 650-656.

Spencer, M., L. Blaustein, and J.E. Cohen. 2002. Oviposition
habitat selection by mosquitoes (Culiseta longiareolata)
and consequences for population size. Ecology 83: 669-
679.

Stav, G, L. Blaustein, and J. Margalith. 1999. Experimental
evidence for predation risk sensitive oviposition by a
mosquito, Culiseta longiareolata. Ecol. Entomol 24: 202-
207.

Stav, G., L. Blaustein, and Y. Margalith. 2000. Influence of
nymphal Anax imperator (Odonata: Aeshnidae) on
oviposition by the mosquito Culiseta longiareolata
(Diptera: Culicidae) and temporary pool community
structure. J. Vector Ecol. 25: 190-202.

Wilbur, H. M. 1997. Experimental ecology of food webs:
Complex systems in temporary ponds - The Robert H.
MacArthur Award Lecture. Ecology 78: 2279-2302.

Wilcox, C. 2001. Habitat size and isolation affect colonization
of seasonal wetlands by predatory aquatic insects. Israel
J. Zool. 47: 459-475.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


