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Reduced hatchability of Anopheles gambiae s.s
eggs in presence of third instar larvae
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Abstract

Background: We investigated the hatchability rates of freshly laid Anopheles gambiae s.s. eggs in presence of third
instars larvae. These experiments were conducted using 30 eggs in larval densities of 20, 60 and 100 larvae in
microcosms. These experiments were designed to evaluate the eggs hatchability in habitats with late larvae instars
of the same species (experimental) or no larvae at all (control). Freshly laid eggs of An.gambiae s.s. were washed in
microcosms containing larvae of third instars in different three densities (20, 60 and 100) and likewise in control
microcosms (without larvae). Eggs hatchability was monitored twice daily until no more first instar larvae emerged.
The numbers of first instars larvae were recorded daily and lost eggs were considered preyed upon by third instars.

Findings: The findings of this study showed that egg hatchability was significantly influenced by larval density.

Conclusion: The findings of this study suggest that presence of larvae in habitats may significantly reduce
hatchability of eggs.

Keywords: Anopheles gambiae s.s, Microcosms, Hatchability, Larvae
Findings
Eggs hatching were observed to take place on the second
day after being washed in the microcosms. Eggs hatch-
ability in control experiments was 99.4% and in expe-
rimental microcosms hatchability varied with larvae
density, in larval density of 20 (37.2%); in larval density
of 60 (23.2%) and in 100 larval density (20.2%). The eggs
hatchability in different larval densities and control is
shown in Figure 1. Egg hatchability in the three densities
of larvae used had statistically significantly different (F =
641.67, DF = 2, P < 0.001). When compared using Tukey
HSD post hoc tests; egg hatchability in density of 20
larvae per oviposition substrate was significantly diffe-
rent to control (P < 0.001); likewise for densities of 60
larvae (P < 0.001) and 100 larvae (P < 0.001) (Table 1 and
Figure 1). The findings of this study have demonstra-
ted that An.gambiae eggs hatchability reduction are in-
fluenced by many factors including predation by late
instars and predators, available microbial community
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and habitats types [1]. Eggs hatchability in this study was
larvae density dependent. In non-parental care animals
the offspring’s survival and development is dependent
mostly on the quality of the habitat where the eggs are
laid [2-4]. Gravid female of Anopheles gambiae s.s. (here-
after referred to as An.gambiae) mosquitoes have been
reported to have species specific oviposition site choices
[5-7]. A previous study showed that egg hatchability in
An.gambiae eggs was influenced by several factors such
as temperature , salinity of water and humidity [8]. Or-
ganic substances of environmental origin and bacteria
have been also suggested to influence oviposition site se-
lection and eggs hatchability for different species [9,10].
Similarly, other studies demonstrated that, aged water or
water with crowded larvae received significantly fewer
Aedes aegypti and An. gambiae eggs than control water
which had no larvae [11-13]. In one study in western
Kenya, An. gambiae species laid significantly more eggs
in habitats without larvae than habitats with larvae [14].
The main plausible reason in such situations is to avoid
predation on eggs or first larval instars by late instars
[15,16] or food resources availability/scarcity and com-
petition [15,17]. In other experiments, it has been dem-
onstrated that the existence of different larval instar in
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Figure 1 Hatchability response of Anopheles gambiae s.s eggs
in control and different larvae densities.
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the same habitat, the early instars are predated by late
instars [16]. The occurrence of the same instars of the
different species have been demonstrated to have com-
petition for resources but no predation was observed
[16,18]. Currently, there is limited information on what
would happen if the gravid mosquitoes lay eggs in habi-
tats with late instar larvae. Little is known about what
happens to eggs after being laid in habitats with late in-
stars of the same species. In our previous studies in
western Kenya involving choice experiments, An. gam-
biae was found to prefer laying significantly more eggs
in habitats without mosquito larvae [13]. Therefore, this
study assessed the hatchability of freshly laid eggs in mi-
crocosms with different densities of third instar larvae of
An. gambiae s.s. Insects have chemoreceptor's which are
useful for detection of predators risk in habitats [19].The
hatchability of eggs laid in natural population of mos-
quito habitats have seen to be at risk of late instars for
having the microbial layer on shells which could be food
source for the late instars [20,21]. Those bacteria play a
major role in the eggs shell breaking during hatching
process and adult oviposition mediation chemical cues
productions [1]. It is hypothesized that, the observed
density dependent egg hatchability was caused by the
presence of these bacteria which may have attracted the
predation of eggs. Delay or reduction in egg hatchability
may affect individual fitness, population structure and
dynamics [22]. Larval density dependent egg hatchabi-
lity results in the current study further suggests why
Table 1 Hatchability comparison of eggs between
controls bowls and bowls with different larvae densities

Larvae
density

Number
of eggs

Percentage egg
hatchability

% hatchability
reduction

0 30 99.4 0.0a

20 30 37.2 62.2b

60 30 23.2 76.2c

100 30 20.2 79.2c

NOTE: In percentage hatchability reduction, the numbers with different
superscript letters in the same column, they differ statistically significant.
mosquitoes might skip habitats with late instars larvae.
Additionally, this could imply ability to detect resource
limitations in such habitats by gravid mosquitoes.
Methods
Study was conducted at Tropical Pesticides Research
Institute Insectary, based in Arusha Tanzania for two
months.
Adult mosquitoes rearing and eggs laying
Three days old females of An. gambiae s.s post emer-
gence mosquitoes were fed on rabbit for 30 minutes.
Blood fed females were then kept in insectary at a
temperature of 27 ± 2°C, Relative humidity 78 ± 2% and
light 12 L: 12D. The gravid females after 72 hrs post
feeding were given a wet filter paper in a cage to act as
oviposition substrate. The eggs laid were used immedi-
ately for these experiments.
Hatchability experimental set up.
Experiments were set up in white microcosms having a
diameter of 16.7 cm and depth of 1.7 cm. The sides of
the microcosms just at the level of the water were lined
with white paper to prevent the eggs from adhering to
the surface of the microcosm and drying up. Freshly laid
eggs on filter papers were washed in microcosms with
dechlorinated water with third instar larvae in three
densities of 20, 60 and 100. In the control arm, eggs
were washed in microcosms without larvae and in both
experiments; hatchability was monitored for three days.
Hatched first instar larvae were collected and taken out
of the microcosms every two hours’ time. Insectary
temperature was maintained at 27 ± 2°C and relative hu-
midity was 78 ± 2%. Thirty freshly laid eggs of An. gam-
biae s.s. were introduced in each microcosm in all three
densities of An.gambiae s.s larvae. Each experiment had
six replicates for each density and control.
Data analysis
Data were analyzed using SPSS 17.0 (SPSS Inc., Chicago,
IL). Comparison of the mean number of hatched eggs
was compared by ANOVA between the larvae densities
in treatments and control. The significance level for the
means of the three densities of 20, 60 and 100 were sep-
arated by Tukey HSD test.
Ethical approval
The study was approved by Tropical Pesticides Research
Institute (TPRI), Proposal review and ethical committee.
The use of rabbit for feeding mosquitoes was approved
as a daily routine permission in mosquito colony main-
tenance at TPRI.
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Conclusion
This study has shown that the existence of the third in-
star larvae in breeding sites affect egg hatchability but
also survivorship of the newly hatched first instars. More
studies have to be done in semi field environment to de-
termine egg hatchability in more complex environments
and investigation of larva produced chemical factors (cu-
ticle exudates) that play the role of emergence inhibitors
of conspecific eggs is on progress.

Competing interest
Authors declare to have no competing interest. We have no financial or
non-financial competing interests.

Authors’ contributions
EJK and SM conceived the study and did data analysis interpretation and
wrote the manuscript. GMG and GK, performed experiments and data
handling. EJK, SM, GJY and FU revised the Manuscript. All authors have
accepted the submission of this paper. All authors read and approved the
final version of this manuscript.

Acknowledgement
Authors wish to thank Mr. Adrian Massawe and Ms. Ester Lyatuu for
mosquitoes rearing, experimental set up and eggs hatchability monitoring.

Author details
1Department of Zoology and Wildlife Conservation, University of
Dar-es-salaam, College of natural and applied sciences, Dar es Salaam,
Tanzania. 2Kenya Medical Research Institute, Centre for Global Health
Research, P.O.Box 1578, Kisumu, Kenya. 3Division of Livestock and Human
Diseases Vector Control, Mosquito Section, Tropical Pesticides Research
Institute, P.O.Box 3024, Arusha, Tanzania. 4Department of Medical
Parasitology and Entomology, Catholic University of Health and Allied
Sciences, P.O. Box 1464, Mwanza, Tanzania.

Received: 25 January 2013 Accepted: 4 April 2014
Published: 11 April 2014

References
1. Ponnusamy L, Xu N, Nojima S, Wesson DM, Schal C, Apperson CS:

Identification of bacteria and bacteria-associated chemical cues that
mediate oviposition site preferences by Aedes aegypti. Proc Natl Acad Sci
2008, 105:9262–9267.

2. Arav D, Blaustein L: Effects of pool depth and risk of predation on
oviposition habitat selection by temporary pool dipterans. J Med Entomol
2006, 43:493–497.

3. Blaustein L, Blaustein J, Chase J: Chemical detection of the predator
Notonecta irrorata by ovipositing Culex mosquitoes. J Vector Ecol 2005,
30:299–301.

4. Blaustein L, Kiflawi M, Eitam A, Mangel M, Cohen JE: Oviposition habitat
selection in response to risk of predation in temporary pools: mode of
detection and consistency across experimental venue. Oecologia 2004,
138:300–305.

5. Kweka EJ, Zhou G, Lee MC, Gilbreath TM 3rd, Mosha F, Munga S, Githeko
AK, Yan G: Evaluation of two methods of estimating larval habitat
productivity in western Kenya highlands. Parasit Vectors 2011, 4:110.

6. Kweka EJ, Zhou G, Munga S, Lee MC, Atieli HE, Nyindo M, Githeko AK,
Yan G: Anopheline larval habitats seasonality and species distribution: a
prerequisite for effective targeted larval habitats control programmes.
PLoS One 2012, 7:e52084.

7. McCrae AW: Oviposition by African malaria vector mosquitoes. II. Effects
of site tone, water type and conspecific immatures on target selection
by freshwater Anopheles gambiae Giles, sensu lato. Ann Trop Med Parasitol
1984, 78:307–318.

8. Lyons CL, Coetzee M, Chown SL: Stable and fluctuating temperature
effects on the development rate and survival of two malaria vectors,
Anopheles arabiensis and Anopheles funestus. Parasit Vectors 2013, 6:104.
9. Lindh JM, Kannaste A, Knols BG, Faye I, Borg-Karlson AK: Oviposition responses
of Anopheles gambiae s.s. (Diptera: Culicidae) and identification of volatiles
from bacteria-containing solutions. J Med Entomol 2008, 45:1039–1049.

10. Sumba LA, Ogbunugafor CB, Deng AL, Hassanali A: Regulation of
oviposition in Anopheles gambiae s.s.: role of inter- and intra-specific
signals. J Chem Ecol 2008, 34:1430–1436.

11. Zahiri N, Rau ME: Oviposition attraction and repellency of Aedes aegypti
(Diptera: Culicidae) to waters from conspecific larvae subjected to
crowding, confinement, starvation, or infection. J Med Entomol 1998,
35:782–787.

12. Munga S, Vulule J, Kweka EJ: Response of Anopheles gambiae s.l. (Diptera:
Culicidae) to larval habitat age in western Kenya highlands. Parasit
Vectors 2013, 6:13.

13. Munga S, Minakawa N, Zhou G, Barrack OO, Githeko AK, Yan G: Effects of
larval competitors and predators on oviposition site selection of
Anopheles gambiae sensu stricto. J Med Entomol 2006, 43:221–224.

14. Munga S, Minakawa N, Zhou G, Barrack OO, Githeko AK, Yan G: Oviposition
site preference and egg hatchability of Anopheles gambiae: effects of
land cover types. J Med Entomol 2005, 42:993–997.

15. Koenraadt CJ, Takken W: Cannibalism and predation among larvae of the
Anopheles gambiae complex. Med Vet Entomol 2003, 17:61–66.

16. Muturi EJ, Kim CH, Jacob B, Murphy S, Novak RJ: Interspecies predation
between Anopheles gambiae s.s. and Culex quinquefasciatus larvae. J Med
Entomol 2010, 47:287–290.

17. Gimnig JE, Ombok M, Otieno S, Kaufman MG, Vulule JM, Walker ED:
Density-dependent development of Anopheles gambiae (Diptera:
Culicidae) larvae in artificial habitats. J Med Entomol 2002, 39:162–172.

18. Kweka EJ, Zhou G, Beilhe LB, Dixit A, Afrane Y, Gilbreath TM, Munga S,
Nyindo M, Githeko AK, Yan G: Effects of co-habitation between Anopheles
gambiae s.s. and Culex quinquefasciatus aquatic stages on life history
traits. Parasit Vectors 2012, 5:33.

19. Hatano E, Kunert G, Michaud JP, Weisser WW: Chemical cues mediating
aphid location by natural enemies. Eur J Entomol 2008, 105:797–806.

20. Santos ND, de Moura KS, Napoleao TH, Santos GK, Coelho LC, Navarro DM,
Paiva PM: Oviposition-stimulant and ovicidal activities of Moringa oleifera
lectin on Aedes aegypti. PLoS One 2012, 7:e44840.

21. Fagbenro-Beyioku AF, Oyibo WA, Anuforom BC: Disinfectant/antiparasitic
activities of Jatropha curcas. East Afr Med J 1998, 75:508–511.

22. Spencer M, Blaustein L, Cohen JE: Oviposition habitat selection by
mosquitoes (Culiseta longireolata) and consequences for population size.
Ecology 2002, 83:669–679.

doi:10.1186/1756-0500-7-231
Cite this article as: Gotifrid et al.: Reduced hatchability of Anopheles
gambiae s.s eggs in presence of third instar larvae. BMC Research Notes
2014 7:231.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Findings
	Conclusion

	Findings
	Methods
	Adult mosquitoes rearing and eggs laying
	Hatchability experimental set up.
	Data analysis
	Ethical approval

	Conclusion
	Competing interest
	Authors’ contributions
	Acknowledgement
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


