
Representatives of the insectan ingroup Holometabola are 
the dominating form of animal life on this planet. At least 
in terrestrial ecosystems they are unparalleled concerning 
biomass, species richness and individual richness. Most 
famous among the group Holometabola are the four 
ʻhyperdiverseʼ ingroups:Hymenoptera (wasps,bees,
ants),Coleoptera(beetles),Lepidoptera(mothsandother
butterflies)andDiptera(mosquitoes,midgesandflies).
Still,manyotherdistinctgroupswithinHolometabolaalso
reach considerable species richness, such as Neuroptera, 
thegroupoflacewings,antlionsandtheirkin,whichcount
about6,000species(Tauberet al. 2003). Closely related 
toNeuropteraisthegroupRaphidioptera;togetherwith
Megaloptera,thethreegroupsformNeuropterida(Aspöck
&Aspöck1999,2007).Raphidiopteraonlycountsatleast
225speciesinthemodernfauna(Aspöck2002,Aspöck
&Aspöck2009),buthavebeeninterpretedtohavebeen
muchmorediverseinthepast(Aspöck&Aspöck2009,
Pérez-de la Fuente et al.2012a).

RepresentativesofRaphidioptera,snake-flies,arequite 
easily identified as such. In their adult phase, the first 
trunksegmentbehindthehead,theprothorax,iselongate,
providingthemwiththeappearanceofanelongate“neck”
(theGermannameʻKamelhalsfliegeʼ,literally“camel-

neck fly” isbasedon thismorphology).Already the
larvaepossessthiselongateprothorax.Themouthparts
of the larvaeare facing forward (prognathous;Gepp
1984).Also,theothertrunksegmentsofthelarvaeare
in general relatively long, resulting in a very elongate, 
slenderandflexibleappearance(theEnglishnameʻsnake-
flyʼmaywellalsorefertothisaspect,yetmostlytothe
adultmorphology).Thesnake-likeappearanceisfurther
enhanced by the fact that the antennae are rather short 
andthinamongextantlarvae.Onmanybackgrounds,the
antennae are not easy to recognise at all, hence almost 
disappear(e.g.Aspöck&Aspöck2009,theirfigs7–9).
Overall,mostlarvaeofdifferentsnake-flyspeciesappear
quitesimilarconcerningtheirmorphology.

Ashasbeenpointedoutpreviously,fossilsnakeflies
appear to have been more diverse than modern forms 
(Aspöck&Aspöck2009,Pérez-delaFuenteet al.2012a).
Giventhesedatafromadultsweshouldalsoexpecttosee
more morphological diversity among the larval forms. 
Herewereportasnake-flylarvafromCretaceousBurmese
amberwitharatherunusualmorphologicalfeature,i.e. 
a very prominent, leg-sized antenna. We discuss the 
implicationsofthisfindforourunderstandingoftheearly
evolutionanddiversificationofsnakeflies.
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Material and Methods

Material. – Thesinglepieceofamberinvestigatedinthis
study comes from the ca.99-million-year-oldBurmese
deposits, HukawngValley,Kachin State,Myanmar
(Cruickshank&Ko2003).Itwasboughtbyoneofthe
authors(PM)andiscurrentlypartofhisprivatecollection
undertherepositorynumberBUB3069.

TheoriginalamberpiecewasfirstcutwithaDremel
3000.Afterwards,itwaspolishedwithwetsandpaper,
firstgrade200andthensubsequentlygrades600,1000
and5000.FinalpolishingwasperformedwithSidolmetal
polish(Hauget al.2018,2019a).

Documentation methods. – Thespecimenwasdocumented 
with composite imaging on a KeyenceVHX-6000
microscopeequippedwitha20–2000× objective under 
ringlightandcoaxialcross-polarisedillumination(Haug
et al.2013a,2018).Someimageswererecordedwith
differentexposure times (highdynamic range,HDR;
Haug et al.2013b,2018,2019a).

Eachimagedetailwasdocumentedasastack,with
thesingleimagesofthestack(frames)beingrecordedin
differentfocallevelsinthez-axistoovercomelimitations
indepthoffield.Theframesofeachstackwerefusedto
achieveanentirelysharpimagedetail(e.g. Haug et al. 
2008,2011;Kerp&Bomfleur2011).Thiswasdonewith
thebuilt-insoftwareoftheVHX-6000.Severaladjacent
stackswererecordedinx-yaxistoovercomelimitations
in the fieldof view.All imagedetailswere stitched
toafinalpanoramaimagewiththehelpofthebuilt-in
softwareoftheVHX-6000.

Drawingsofthespecimenandofcomparativematerial
werepreparedinAdobeIllustratorCS2.Colourmarkings
ofspecificstructureswasperformedinAdobePhotoshop
CS2.

Measurements. – Someaspectsof thespecimenwere
measured:thelengthoftheantenna,thewidthofthehead
capsule, and the length of the head capsule. Also several 
specimensdepictedintheliteratureweremeasuredinthis
way.Asnotalwaysascalebarwasprovidedwehadto
restrict comparisons to relative lengths. Ratios calculated 
wereantennalengthdividedbyheadlengthandhead
widthdividedbyheadlength.AllratiosarelistedinTab.1. 
Theratioswereplottedagainsteachothertovisualisethe
exceptionalmorphologyofthenewfossil(cf. Haug et al. 
2019b,c).

Description. – Thedescriptionstylefollowsthegeneral
approach laid out by Haug et al.(2012).Yet,forconveni- 
ence of the reader the description is not presented as 
atable,butasrunningtext.Insectanspecialterminology
isprovidedtogetherwithamoregeneraleuarthropodan

terminologytoalsoprovidenon-expertreadersaccess
to the information and to facilitate future larger-scaled 
comparisons. 

Results

Description of the specimen

General aspects. –Theamberpiecehasonlyoneinclusion
(specimen)describedbelow.Thespecimenisaccessible
fromitslatero-dorsal(Fig.1A,B)andventralside(Fig.
1C,D).Bodyelongate,organiseddistinctlyintoheadand
trunk(Figs1A–D,2A).

Anterior body, head. –Head forming enclosed,well
sclerotisedcapsule.Headcapsuledorso-ventrallyflattened,
rectangularinventralview,withslightlybulginglateral
sides.Longerthanwide,morethan2x.Withadistinct
median moulting suture. 

Ontheocularsegmentantero-laterallyonthehead,
afaintimpressionofsessilestemmataispresent(Fig.2D,
E).Labrumanteriorlydirected,triangulartotrapezoidalin
dorsalview(Fig.2D,E).

Antennae(appendagesofpost-ocularsegment1;anten- 
nula in more neutral terminology) arising anteriorly 
fromtheheadcapsule(Fig.2B–E).Insertionofantennae
shortly behind the insertion of the mouth parts. Antenna 
very prominent, longer than head capsule. Consisting 
offivedistinctelements(Fig.2B,C).Proximalelement
short,exactproximalmarginunclear.Slightlytapering
distally,aboutaslongasproximalwidth.Element2about
twiceaslongasproximalelement,slightlymoreslender.
Element3slightlyshorterthanelement2,aboutaswide.
Element4slightlylongerthanelement2,alsoslightly
wider.Element5longerthanelement4,proximallyvery
narrow,wideningtoaboutthesamediameteraselement4, 
gently tapering distally. No structures of post-ocular 
segment2(intercalarysegment)externallyvisible.

All mouth parts strongly prognathous. Mandibles 
(appendagesofpost-ocularsegment3)largelycoveredby
othermouthparts,slightlylongerthanlabrum(Fig.2D,E).
Maxillae(appendagesofpost-ocularsegment4;maxillula
in neutral terminology) only recognisable by their distal 
parts,formingapalp(endopodinneutralterminology).
Palpslightlylongerthanmandibles;exactsubdivisiondif-
ficulttoevaluate,mostlikelywith3elements.Labium(con- 
joinedappendagesofpost-ocularsegment5,maxillaein
neutral terminology) only recognisable by more distal parts  
(palps).Labialpalpsslightlyshorterthanmaxillarypalps.

Severalsetaearisingfromtheheadcapsule.Exactar-
rangement(chaetotaxy)difficulttodiscern,atleastthree
setae in the more posterior region on each side, arranged 
inarow.
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Posterior body/trunk, thorax and abdomen. – Anterior 
trunk(thorax)withthreedistinctsegments(Figs1,2A).
Thoraxsegment1(prothorax;post-ocularsegment6)
dorsallystronglysclerotised(tergite,pronotum);slightly
longerthanheadcapsule,aboutaswideasheadcapsule.
Dorso-laterallywith few prominent setae. Postero-
dorsallywitharowofabout16shortsetae.

Ventrallywithalargeprominentsclerite(sternite).
Shorter than tergite,alsosignificantlynarrower.Few
setae arising latero-ventrally in the posterior half of the 

segment,aboutfouroneachside.Ventro-laterallyoneach
sidewithajointedappendage(thoracicappendage,“leg”).

Eachappendageorganisedintofivemajorelements.
Mostproximalelement(coxa)cone-shaped.Proximal
edgetwiceaswideasdistaledge,proximal-distaldimen- 
sion(length)aboutaslongasdistaledgewide.Element2 
(trochanter)tube-shaped,aboutaslongascoxa,about
aslongaswide.Element3(femur)alsoroughlytube-
shaped, about 3×aslongastrochanter.Proximallyslightly
narrowerthantrochanter,furtherdistallytaperinguntil

Figure 1. Newfossilsnake-flylarvafromBurmeseamber.Allcompositeimagesunderco-axialcross-polarisedlightillumination(A,C)andunder
unpolarisedringlightillumination(B,D).A,B–latero-dorsalview;C,D–ventralview.
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aboutthemiddlealongtheproximal-distalaxis,widening
further distally.Distally also slightly narrower than
trochanter.Element4(tibia)slightlylongerthanfemur;
proximallyslightlynarrowerthanfemur,taperingdistally.
Element5(tarsus)shorter,about50%ofthelengthof
the tibia.Proximallynarrower than tibia,about50%,
wideningdistally.Distallycarrying twohook-shaped
pretarsalclaws,aboutaslongastarsuswide.Atleast
elements3–5carryingnumerousprominentsetae,exact
chaetotaxycannotbedeterminedwithcertainty.

Thoraxsegment2(mesothorax;post-ocularsegment7) 
dorsallywithaprominentsclerite(tergite,mesonotum);
appears less strongly sclerotised than pronotum, indicated 
by lighter colour. Mesonotum shorter than pronotum, 
slightlylongerthanwide.Withnumerousprominentsetae.
Anteriorlywitharowoflongersetae,estimatedaboutten
setae.Posteriorlyalsowitharowofabouttensetaebut
these are rather short, about half as long as those on the 
anteriorrow.Lateraledgeseachwithaboutthreelonger
setae.Ventrallywithasclerite(sternite),aboutaslong
astergite,slightlynarrower.Lateralsideofbodywith 
slightly laterally bulging membrane, also visible dor - 
sallyand,moreso,posteriorly.Fewsetaearisinglatero-
ventrally,aboutnineoneachside.Ventro-laterallyon
eachsidewithanappendage.Appendagesub-similarto
thatofprecedingappendage(Fig.2F).

Thoraxsegment3(metathorax;post-ocularsegment8) 
dorsallywithaprominentsclerite(tergite,metanotum);

sclerotisationsimilartomesonotum,aboutaswide,but
shorterthanmesonotum.Similartomesonotumwitharow
ofanteriorsetae.Posteriorlyalsowitharowofsetae,but
withfewersetaethanonmesonotum,setaeslightlylonger
than the anterior ones. Along the lateral side apparently 
onlytwosetaeoneachside.Lateralsideofbodywith
slightly laterally bulging membrane, also visible dorsally, 
differentfromthatofmesothoraxalongtheentirelength.
Fewsetaearisinglatero-ventrallyintheposteriorhalfof
thesegment,aboutfouroneachside.Ventro-laterallyon
eachsidewithanappendage.Appendagesub-similarto
that of preceding appendage.

Posteriortrunk,abdomen(notcorrespondingtoabdo-
meninotherrepresentativesofCrustaceasensulato)with
ten visible units. Anterior nine units corresponding to 
abdominalsegments1–9(post-ocularsegments9–17).
Abdominalsegment1shorterthanprecedingsegment,
about50%,aboutaswideasprecedingsegment.Dorsally
withaprominentsclerite(tergite),aboutaswideasthat 
oftheprecedingsegment.Anteriorrowofabouttenlong 
setae,posteriorrowoffewer(six?),butlongersetae.Few 
setae arising latero-ventrally, about three on each side. 
Ventrallywithalargesclerite(sternite),sub-similarinshape 
totergite.Laterallywithstronglybulgingmembranous
area.

Abdominalsegments2–8sub-similarinoverallmorph- 
ology, mainly differing in dimensions. Abdominal seg-
ments2–4consecutivelylonger,abdominalsegment4
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Specimen from source origin
figuredinthis
contribution

head capsule 
width/head

capsule length

antennalength/
head capsule 

length

newfossil – Burmeseamber 1,2,3A 0.73 2.30

Engel2002 fig.4 Burmeseamber 4A 0.42 1.45

Perrichot&Engel2007 fig.1 French amber 4D 0.96 0.50

Perrichot&Engel2007 fig.2 French amber 4B 0.87 0.58

Perrichot&Engel2007 fig.7 Lebaneseamber 4E 0.71 0.76

Perrichot&Engel2007 fig.5 Burmeseamber 4C 1.03 0.63

Grimaldi&Nascimbene2010 fig.8e NewJerseyamber – 0.74 0.70

Gepp1984 fig.4a extant – 0.91 0.79

Gepp1984 fig.4b extant – 1.18 0.76

Gepp1984 fig.5a extant – 0.97 0.78

Nicoli Aldini et al.2012 fig.10 extant – 0.86 0.59

Harmer&Shipley1895 fig.292 extant – 0.92 0.99

Monserrat&Papenberg2015 fig.19 extant – 0.93 0.54

Monserrat&Papenberg2015 fig.21 extant – 0.79 0.51

Woglum&McGregor1958 fig.1 extant – 0.92 0.82

Woglum&McGregor1958 fig.4 extant – 0.96 0.88

Table 1. Measuredratiosofthenewfossilandotherextinctandextantsnake-flylarvae.



slightly more than 2×longerandabout1.6×widerthan
abdominalsegment1.Mostofthewidthdifferenceisdue
toawidermembranousarea,asscleritesremainmoreor
lessconstantinwidth.Chaetotaxyappearssub-similar
betweenallabdominalsegments.Abdominalsegments
consecutivelyshorterandnarrower,thelattermostlydue
toanarrowermembranousarea.Abdominalsegment8
about 0.6×ofthelengthofabdominalsegment4,about

0.75×ofthewidth.Abdominalsegment9alsosub-similar
toprecedingsegmentbutwithoutprominentbulging
membranousarea,aboutaswideasscleriteofpreceding
segment. 

Trunkend(mostlikelyconjoinedabdominalsegments
10and11,post-ocularsegments18and19)shorterthan
abdominalsegment9,alsonarrower,withananteriorrow
of long setae, and about four longer setae posteriorly.
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Figure 2. Newfossilsnake-flylarvafromBurmeseamber,continued;A–sameviewasin1C,ambermatrixdigitallyremoved;B–F–close-upsunder
co-axialcross-polarisedlightillumination;B–E–head,B–ventralview,C–colour-markedversionofB,D–latero-dorsalview,E–colour-marked
versionofD,F–thoracicappendage.Abbreviations:1–5–antennaelements1–5;a2–a8–abdominalsegments2–8;fe–femur;hc–headcapsule; 
lp–labialpalp;lr–labrum;ma–membranousarea;md–mandible;mp–maxillarypalp;ms–mesothorax;mt–metathorax;pt–prothorax; 
st–sternite;ta–tarsus;te–trunkend;ti–tibia;tr–trochanter.
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Description of the scatter plot

Thescatterplot(Fig.3B)depictstheprincipleshapeof
theheadalongthex-axis(widthdividedbylengthof
head capsule) and the relative length of the antenna along 
they-axis(lengthofantennadividedbylengthofhead 
capsule).ExtantlarvalspecimensofRaphidiopteraplot 
relative close together. Head shape varies between
awidth/lengthratioofabout0.8uptoabout1.2.Therela- 
tiveantennalengthoftheextantformsvariesfromabout
0.5to1.0.ManyoftheCretaceousfossilspecimensshow
comparablevalues(cf.Fig.4B–F).

Yet, twofossil specimensplot inaveryeccentric
position.OneisaspecimendepictedinEngel(2002;see
alsoFig.4A),preservedinBurmeseamber.Thespecimen
hasaverynarrowhead, theratio is0.42,muchmore
slenderthaninanyextantspecimen.Alsotheantennais
unusuallylongwitharatioof1.45.

Alsotheheredescribednewfossillarvaisunusual
(Fig.3A).Withaheadshaperatioof0.73theheadis
onlyslightlynarrowerthaninextantformsandmuch
more“normal”inthisaspectthanthespecimenreported
byEngel(2002).Yet,therelativelengthoftheantenna,
aratioof2.3,isextremeandunparalleled.

Discussion

Systematic interpretation of the new larva

Thespecimencaneasilybeidentifiedasalarval(see
Haug 2020 for challenges of the term) representative 
ofRaphidioptera(cf.Gepp1984),basedonnumerous
characters.Thebodyisveryelongate.Themouthpartsare
strictly prognathous, directed anteriorly, yet do not form 
prominentstyletsasinlarvaeofNeuroptera(e.g.Gepp
1984;Aspöcket al.2001,2012a;Beutelet al.2010).
Headandprothoraxareelongateandarewellsclerotised.
Furtherposteriortrunksegmentsarelesswellsclerotised,
butwithdistinct rectangular sclerites surroundedby
softermembranous,bulgingareaslaterally.Thereareno
abdominal appendages or leglets. 

It is unfortunately not possible to further identify the 
specimen.Todifferentiatebetweenthetwomajoringroups
of Raphidioptera, Inocelliidae and Raphidiidae, it is 
necessary to either have information about the stemmata or 
aboutcolourpatternsofthetrunk(e.g.Gepp1984).Both
aspectscannotbeevaluatedinthefossilspecimen.The
eyesarenotaccessibleinawaytoallowareliablecountof
thenumberofstemmata,andcolourpatternsonthetrunk
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Figure 3.Comparisonof new
fossilwithothersnake-flylarvae.
A–simplifiedrestorationofthe
new snake-fly larva in dorsal
view; B – scatter plot; l(a) =
lengthofantenna; l(h)= length
ofheadcapsule;w(h)=widthof
head capsule. I–IV – antennae
of fossil snake-fly larvae; I –
Burmeselarvadescribedherein;
II–specimenfromEngel(2002);
III,IV–specimensfromPerrichot
&Engel(2007),III–theirfig.2
(alsoinourFig.4B),IV–their
fig.1(alsoinourFig.4D).

A B



seemnottobepreserved.Furthermore,wecannotexclude
thatthelarvaisarepresentativeofanowextinctingroup
ofRaphidiopterasuchasMesoraphidiidae(e.g. Pérez-de 
la Fuente et al.2012a).Identifyingfossilholometabolan
larvae as representatives of a species or even higher 
systematic group is often challenging, as many of the 
charactersofthesegroupsarebasedontheadults.Linking
holometabolan larvae to their corresponding adults, hence 
identifying the species of a larva, is only rarely possible 
infossils,evenifwellpreservedinamber(discussion
inBaranovet al.2019).Ideally, thisrequiresadirect
preservationofadultandoffspringtogether(cf. Wichard 
et al.2009forNevrorthidae),forexampleinbrood-caring

species,orspecimensintheactofmoultingwithaccess
to larval and pupal or pupal and adult morphology. Still, 
narrowingdowntherelationshipsofthenewlarvawill
requirefurtherfinding.

Itappearscurrentlyacceptedtoerectnewspeciesbased
on fossil immature specimens, especially in Neuropterida 
(e.g.MacLeod1970;Badanoet al.2018;Pérez-de la
Fuente et al.2018,2019)butalsoinotheringroupsof
Insecta(e.g.Grimaldi1997,2003;Grimaldi&Ross2004;
Aristov et al.2006;Vršanský2009;Delclòset al.2016).It
isinourviewwellfoundedtoerectnewspeciesbasedon
larvae if it is possible to provide an applicable differential 
diagnosis.Yet,undercertaincircumstancesthereisalways
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Figure 4.SimplifieddrawingsofCretaceoussnake-flylarvaebasedonliterature;A–fromEngel(2002);B–E–fromPerrichot&Engel(2007), 
B–theirfig.2,C–theirfig.5,D–theirfig.1,E–theirfig.7,F–theirfig.6.
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thedangerofcreatingsynonyms.Therehavebeenquite
somespeciesdescribedfromBurmeseamberbasedon
adults(e.g.Engel2002,Liuet al.2016),hencethereisthe
realistic chance that the adult corresponding to the here 
reportedlarvaisalreadyknownandhasbeenformally
described.Wethereforeprefernottoerectanewspecies
forthenewlarva.

Why the new specimen is unusual

Despitethesystematicuncertainties, thenewfossil is
quiteinformativeconcerningthemorphologicaldiversity
ofsnakeflies.Snake-flylarvaearewellknownasfossils
preserved inamber(e.g.Hagen1854;Weidner1958;
Weitschat&Wichard1998,2002).AlsoinCretaceous
amberssuchlarvaehavebeenreported,forexamplefrom
Frenchamber,aswellasfromamberfromNewJersey,
MyanmarandLebanon(Engel2002,Perrichot&Engel
2007,Grimaldi&Nascimbene2010;seealsoFig.4).Yet,
most of these larvae appear very similar to modern-day 
snake-flylarvaeinoverallhabitus,alsorecognisableby
theplottedratios(Fig.3B).

Thenewlarvaissignificantlydifferentfrommodern
larvaeatleastinoneaspect:theantennaeinallextant
andmostfossilspecimensareverysmallandthin(cf. 
Harmer&Shipley1895,Woglum&McGregor1958,
Gepp1984,Aspöck&Aspöck2007,Beutel&Ge2008,
Nicoli Aldini et al.2012,Monserrat&Papenberg2015),
almostindistinct(cf.Aspöck&Aspöck2009,Aspöcket 
al.2012b).Thisisthecaseformostfossilspecimens(Fig.
4B–E).Inthenewfossillarva,however,theantennaeare
very prominent. 

Theratiolengthoftheantennae/headlength,l(a)/l(h),
ismorethantwiceinthefossilthaninextantandmost
otherfossilspecimens(Perrichot&Engel2007,Grimaldi
&Nascimbene2010;seealsoFig.4B–F).Anexception
isafossillarvafromBurmeseamberdescribedbyEngel
(2002;seealsoFig.4A).Inthisspecimen,theantennae
aredistinctlylargerthaninextantspecimens(andmost
fossils),but far fromthecondition in thenewfossil.
Additionally, theantennae in thenewlarvaaremore
robust, i.e. larger in diameter than in modern forms and 
mostfossils,includingtheonedescribedinEngel(2002).
Inthenewlarva,theantennahasadiametersimilartothat
of the thoracic appendages. 

Is such a morphology part of the ground 
pattern of Raphidioptera?

Asthenewlarva isofCretaceousage,onecouldget
the impression that the large-sized antennae is an old 
feature that might be interpreted as plesiomorphic, i.e. 

anancestralfeature.Yet,thisisunlikelytobethecase.
OtherCretaceoussnake-flylarvaepossessantennaevery
similartothoseofmoderndaysnake-flylarvae(Perrichot
&Engel2007,Grimaldi&Nascimbene2010).

We can furthermore consider outgroups. In many larvae 
ofNeuroptera(e.g.Gurney1947;Riek1970;Henry1976;
Mansell1983;Gepp1984;New1989,1992;Hoffman&
Brushwein1992;Tauberet al.2003;Grebennikov2004;
Stürzer&Gepp2004)andMegaloptera(e.g.Gepp1984,
Wachmann&Saure1997,Contreras-Ramos&Harris
1998,New2004,Beutel&Friedrich2008,Clavieret al. 
2010,Monserrat2014)theantennaearealsoquitesmall,
atleastmanyareshortandalsothin(cf. Haug et al.2019b:
fig.4).Themorphologyof theantenna in theground
pattern of Neuropterida is therefore more comparable to 
theconditioninmodernsnake-flylarvaethantothatinthe
newlarva.

InmanylarvalformsofColeoptera,whicharephylo-
genetically close to Neuropterida, the antennae are not 
as thin as in modern larvae of Raphidioptera, yet also 
many coleopteran larvae antennae are rather short and not 
significantlylongerthanthehead.Evenifso,theantennae
aredistinctlythinnerthanthethoracicappendages(legs).
TheconditionoftheantennaeintheCretaceoussnake-
flylarvadescribedinEngel(2002)aswellasinthenew
specimenseemsmostlikelytorepresentanapomorphic,
derivedcondition.Thiscouldalsoindicateacloserrela-
tionshipbetweenthetwo.Whatthespecialisedantenna
could have been used for remains entirely unclear, as there 
arenocounterpartsamongextantsnake-flylarvae.

Diversity

TwoCretaceousfossils,theonereportedbyEngel(2002) 
and,particularly,thenewlarvadescribedherein,clearly
demonstratethat100millionyearsagothereweresnake-fly 
larvae that distinctly differed in morphology from modern 
day forms, but co-occurringwith larvae resembling
modernforms.Moderndaysnake-flylarvaeandmany
fossil forms appear very uniform. 

Thediversityofsnakeflieshasbeensuggestedtohave
beenlargerinthepast,consideringadults.Thenewlarva
reinforces thenotion that larvalraphidiopteranswere
morediverse100millionyearsago(Aspöck&Aspöck
2009,Pérez-delaFuenteet al.2012a).

Yet,thenowextinctformsfallintotwodifferentcat-
egories:1)Formsretainingnumerousplesiomorphies
(Badanoet al.2018,Hörniget al.2018).Suchformsare
immediatelytobeexpected.2)Apomorphic,i.e. highly 
specialised forms (Pérez-de la Fuente et al. 2012b,
2016,2018,2019;Liuet al.2018;Hauget al.2019a–c).
Category1morphologiescanbeeasilyexpectedbasedon
knowledgeofmodernforms,butnotthoseofcategory2.
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Conclusion

While in some cases it may be easy to recognise the morph-
ologyofanewfossilassomethingunusualorspecial,this
maynotalwaysbeimmediatelythecase.Takingsimple
measurements as performed here is a reliable tool to 
makemorphologicalpatternsevident(seealsoHauget al. 
2019b,c).Moregenerally,recognisingdiversityoflarval
formswillrequiretheconsiderationofmorphology,using
quantitativemethodologyaswell.
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