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Editorial on the Research Topic

The effects of diet on health in insects
Global change brings about a number of new challenges to insects. Urbanisation and

landscape transformation, increasing temperatures, and frequent droughts will not only

affect the species itself but also has knock-on effects throughout the trophic levels of a

network. Plants might flower earlier and leave the previously default pollinator in a

situation where it must look for a suitable alternative or starve. Long cold weather periods

in spring after an early onset offlowering might starve both solitary and social insects in the

beginning of the season. The increasing human food demand is resulting in agricultural

intensification and an increase in monocultures, thereby reducing the diversity of floral

nectar and pollen (1). Predatory and herbivore insects are similarly affected, with their

favourite diet becoming desynchronised from their phenology, either temporally or

spatially, due to changes in land use and the loss in connectivity linking favourable habitats.

Understanding how nutrition and insect health are linked is crucial to forecast the

effects of global change on insect health and the consequences for biodiversity and food

security, especially for beneficial insect species such as pollinators.

Generally, the dietary aspects of insects have mainly been approached from an

integrated pest management or pest evaluation point of view. The investigation of

nutrition in relation to insect health, especially for beneficial insects such as social bees,

however, is still in its infancy. Although it is generally agreed that diverse landscapes are

more profitable to social bees than monocultures, how the lack of pollen diversity affects

colony development and reproduction is poorly understood.

Watrobska et al. investigate the important question of whether the protein content of

pollen (monofloral pollen enriched with protein) or the diversity of pollen (polyfloral

pollen) is more important for the development and reproduction of bumble bee colonies

(Bombus terrestris). Their experiments clearly reveal that pollen protein content seems to

be much more important for colony health and development than the diversity of pollen.

However, the better development of their colonies fed with monofloral pollen might also be

related to their choice of pollen, according to the authors. If their monofloral pollen had

contained pollen from a different species, the results might have been different. After all, the

pollen fed to bees needs to contain certain amino acids and fatty acids for a healthy diet.

Overall, their experiments stress the great importance of high-protein content for a healthy

diet in bumble bee colonies.
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Frizzera et al. show a similar positive effect of a pollen-enriched

diet on honeybees (Apis mellifera). Infestation with Varroa

destructor generally leads to a faster behavioural maturation of

the honeybee host (2), leading to a shorter life span (3). The

increased behavioural maturation correlates with earlier changes

in the expression of genes and hormones associated with task

transition. The authors compare the gene expression of four

genes, namely, VG, which encodes for vitellogenin, jhe,

apidaecin-1, and defensin-1, and tested the abundance of DWV.

When they fed additional pollen to Varroa-infested bees, they

enhanced their lifespan by reversing the faster behavioural

maturation induced by the parasite at the level of gene

expression. The extended lifespan induced by the pollen-enriched

diet further correlates with the positive effect of antimicrobial

peptide gene expression and DWV (deformed wing virus) load,

further reinforcing the beneficial effect of pollen. These data lay an

important foundation for future analyses of the underlying

evolutionary processes and applications to improve bee health.

The next article in this Research Topic investigates the

importance of undernourishment during early larval stages in the

honeybee (Apis mellifera). Schilcher et al. present evidence of how

these social insects can buffer and potentially tolerate

undernourishment during the larval stages. Bees raised under

different dietary regimes show no differences in their behaviour,

i.e., they initiate and finish nursing tasks and foraging at a similar

age. The dietary regimes differed in the total amount that the larvae

received. The undernourished group received 150 µl, the normal

one received 160 µl, and the overfed group received 180 µl over a

six-day period. This suggests that the effects of early larval

undernourishment can be compensated for during early

adulthood despite the measurable differences in body weight.

The ability to buffer periods of suboptimal nutrition is not

restricted to social insects but can also be observed in the dietary

plasticity of solitary insects. A fair number of studies investigating

dietary effects have relied on artificial diets within a laboratory

setup. In the case of lepidopteran models, the diet is specifically

designed for ensuring optimal nutrition. It is, however, unclear to

what degree the results obtained in the lab can be translated to field

conditions under natural dietary conditions.

Costantin et al. compare the interaction of a plant-based diet

and an artificial diet with a plastic immune strategy (density-

dependent prophylaxis, DDP). They use the velvetbean caterpillar

Anticarsia gemmatalis, which is known to adjust its immune

defence depending on the conspecific density at which these

caterpillars are reared. Their results show that larvae fed with an

artificial diet have significantly more haemocytes circulating in their

haemolymph and die considerably later when infested with viral

pathogens compared to larvae fed with a plant-based diet. The

artificial diet only marginally interacts with the density-dependent
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immune response. This shows that an artificial diet is suitable for

investigating ecoimmunological questions related to DDP and other

immune parameters.

The different studies in this Research Topic show that we are

only beginning to understand the interaction between diet and

health in insects and that a lot of knowledge gaps still need to be

filled. In a changing environment, it is crucial to ensure that we

understand 1) the different pressures experienced by insect species

and 2) to what degree the insects can resist or tolerate them. A lack

of diversity due to malnutrition or undernourishment will have a

cascading effect within the trophic networks, thereby directly

affecting biodiversity and food security. In light of the need for an

integrated conservation approach when it comes to key pollinator

species (4, 5), but also keeping in mind the important roles insects

play within the ecosystem, the comprehension of what it means to

“be a healthy insect” is an essential prerequisite to mitigate the

challenges they experience, ultimately maintaining biodiversity and

a healthier environment.
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2. Zanni V, Değirmenci L, Annoscia D, Scheiner R, Nazzi F. The reduced brood
nursing by mite-infested honey bees depends on their accelerated behavioral
maturation. J Insect Physiol (2018) 109:47–54. doi: 10.1016/j.jinsphys.2018.06.006

3. Nazzi F, le Conte Y. Ecology of Varroa destructor, the major ectoparasite of the
western honey bee, Apis mellifera. Annu Rev Entomol (2016) 61:417–32. doi: 10.1146/
annurev-ento-010715-023731
Frontiers in Insect Science 03
4. Pirk CWW, Crewe RM, Moritz. RFA. Risks and benefits of the biological interface
between managed and wild bee pollinators. Funct Ecol (2017) 31(1):47–55.
doi: 10.1111/1365-2435.12768

5. Panziera D, Requier F, Chantawannakul P, Pirk CWW, Blacquière T. The
diversity decline in wild and managed honey bee populations urges for an integrated
conservation approach. Front Ecol Evol (2022) 10:767950. doi: 10.3389/
fevo.2022.767950
frontiersin.org

https://doi.org/10.1016/j.cois.2015.05.008
https://doi.org/10.1016/j.jinsphys.2018.06.006
https://doi.org/10.1146/annurev-ento-010715-023731
https://doi.org/10.1146/annurev-ento-010715-023731
https://doi.org/10.1111/1365-2435.12768
https://doi.org/10.3389/fevo.2022.767950
https://doi.org/10.3389/fevo.2022.767950
https://doi.org/10.3389/finsc.2023.1186027
https://www.frontiersin.org/journals/insect-science
https://www.frontiersin.org

	Editorial: The effects of diet on health in insects
	Author contributions
	Funding
	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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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 <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


