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ASTRACT

A planidium is newly recorded from Upper Cretace(@®antonian) amber of the Taimyr
Peninsula, Krasnoyarsk Territory, Siberia. Thisybiec fossil is tentatively attributed to the
order Strepsiptera, representing the first recéttiie lineage from these deposits. Planidia of a
similar conicocephalate form are known from thgtdly younger amber of western Canada
(Campanian) as well as in the earlier (Cenomaraarfer of Myanmar, and comparisons are
made with those fossils, as well as with livingepsiptera and the beetle family Ripiphoridae
(Tenebrionoidea). Given recent debate concerniaegtitepsipteran attribution of these planidia,
we provide some discussion about the availablecsapédcted character evidence, and tend to
believe assignment to Ripiphoridae is untenableilé\ilacement with Strepsiptera remains
difficult to state conclusively, the current lingtevidence still tends to prefer the strepsipteran
hypothesis.
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1. Introduction

The Strepsiptera, or twisted-wing parasitoids,cre of the more remarkable of insect
orders. While seemingly miniscule in proportionsl @iversity compared to their titanic relatives
among the Holometabola, they more than compensateir considerable biological,
physiological, morphological, and life-history sg@izations (Kinzelbach, 1971a, 1971b, 1978;
Kathirithamby, 1989, 2009; Grimaldi and Engel, 2004l of the approximately 613 species
(Kathirithamby, 2015) of living Strepsiptera aregstoids of other insect lineages, and in all but
one family the adult females are obligate endojitaids that have lost their appendages
(inclusive of the mouthparts and antennae), wingsjpound eyes, genitalia, and other typically
mature structures. The free-living females of Memnigjdae, which are obligate parasitoids on
silverfish (Zygentoma), are still neotenic, butytta@e exceptional in that they primitively retain
their appendages, compound eyes, and more clegfihed body segmentation. Further, it is
solely within the Mengenillidae that late instami@es emerge from the host and pupate
externally (as do the males). Females of all foanesviviparous. Males, while appearing as more
typical free-living adult insects, possess manysuialifeatures. The males are novel for their
reduction of the forewings (resembling the hindgviralteres of Diptera), their unique hind
wings (and the associated expanded metathoraxingsfrom posteromoterism), largely
reduced mouthparts, distinctive compound eyes laithe eyelets separated by microtrichiate
integument, and a remarkably small genome (Johreftah, 2004), among other unique
attributes (Kinzelbach, 1971b, 1978; Kathirithani®89, 2009). Associated with these many
specializations are diverse life histories and lagsbciations, ranging from the aforementioned
silverfish to Orthoptera, Dictyoptera (BlattariadaMantodea), Hemiptera, Diptera, and
particularly aculeate Hymenoptera (Kathirithamb§89, 2009).

Of particular interest here are the early larvatans of Strepsiptera. Strepsipterans exhibit
hypermetamorphosis and the first instars are ixéeg planidia. The planidia are highly active
and seek out new hosts or become phoretic on ¢nainsosts that carry them back to their nests
where they victimize the brood. Once on the hosy $ecrete enzymes that permit them to
invade the host’s body, and then quickly molt teapodous larval form, inducing the host’s
tissues to produce a chamber in which the parddiégids and continues its development

(Kathirithamby, 2009). The highly mobile planidiushperhaps key to the diversification of the



Strepsiptera across a broad array of host taxailitjodllows the larvae to locate and parasitize
one of a potential range of suitable hosts in g&taof microhabitats.

Not surprisingly for a lineage of endoparasitoigeats, there is a less than robust fossil
record. Further, many fossil deposits lack suffitigdelity to permit ready recognition and
comparison with extant relatives of such small esbtsémost adults are around 1.5-5 mm in total
body length). Accordingly, most fossils are preserin amber and largely comprise the free-
living adult males, because as they are the mospouous dispersal form. Males of various
families have been recorded in lower Miocene Docainiamber (Kinzelbach, 1979, 1983;
Kathirithamby and Grimaldi, 1993; Pohl and Kinzelbal1995; Kogan, et al. 2015) and Eocene
Baltic amber (e.g., Menge, 1866; Kulicka, 1978,9,2001; Kinzelbach and Pohl 1994; Pohl
and Kinzelbach, 1995, 2001; Pohl et al., 2005; Kiatlamby and Henderickx, 2008; Henderickx
et al., 2013), with one male recorded from lowecdfee Fushun amber (Wang et al., 2014,
2016) and three described males in the Upper Gretescamber of Myanmar (Grimaldi et al.,
2005; Engel et al., 2016; Pohl and Beutel, 2018)0 pupae of male Myrmecolacidae parasitic
in an ant, a female cephalothorax in an ant hgsfarmidium, and two adult males were also
recorded from Middle Eocene oil slate, Baltic amligycene brown coal of the Geiseltal, and
compression deposits in thinly bedded limestorepeetively (Kinzelbach and Lutz, 1985; Lutz
1990; Pohl and Kinzelbach, 2001; Pohl, 2009; Ardaall Kathirithamby, in press). Quite
fascinatingly, putative planidia have also beenutoented from Cretaceous amber (Grimaldi et
al., 2005), although the latter have been disp(Bedtel et al., 2016side etiam Discussion).

Here we record the presence of a putative stregggipiplanidium for the first time
from Santonian-aged Taimyrian amber of the Khetarfation. If true, this larva represents the
first account of the order for these deposits. pllaaidium is similar in some important details
with the instar described from the Upper Cretacé@asnpanian) Foremost Formation in
western Canada (Grimaldi et al., 2005). It alsaehaome features of a planidium reported from
Upper Cretaceous Burmese amber (Beutel et al.,)204i6 all three differing in seemingly the
same details from modern strepsipteran planidiastMotably the Cretaceous forms have a
pronouncedly conical head, whereas conicocephiates are unknown even in the most
primitive of crown-group strepsipterans (Pohl, 200®r are they indicative of planidia
occurring in any other order. Here we describeptiesent fossil and provide a brief discussion

as to its potential affinities with Strepsipteraawor over alternative hypotheses.
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2. Material and Methods

A single planidium was identified in a piece ofatele clear, yellow retinite from the Kheta
Formation (Santonian) in 2012 by A.G. Ponomareiike retinites originated from the
Yantardakh locality, consisting of a cliff ca. 2@80long, 30 m high: 71°18'26.54"N
99°33'46.51"E, just northeast from the tiny setdatof Katyryk), right bank of the Maimecha
River, 3 km upstream from its confluence with theeka River (Rasnitsyn et al., 2016: their
figure 3). Pieces were collected by the expeditibRaleontological Institute of the Russian
Academy of Sciences, Moscow (PIN) in 2012 by E.ilo&huk, D.S. Kopylov, and D.D.
Vorontsov. The Kheta Formation has been dated kg 8gal. (1959) biostratigraphically as
Coniacian-Santonian, with most of the retinite ah¥ardakh originating from the upper
horizons, leading Zherikhin (1978) to ascribe at8aian age to the amberiferous layer. The
Mutino Formation conformably overlays, without tkeathe amber layer (Rasnitsyn, 1980), and
includes the mollusc geniisoceramus Sowerby (1814) (Bivalvia: Praecardioida:
Inoceramidae), of late Santonian to early Campaagen(Zherikhin and Eskov, 1999). The
amber itself is likely from the upper Santoniant &umore precise assignment cannot be made at
this time. The environment has been inferred asnatemperate, but this is reconstructed for the
Mutino Formation (Golovneva, 2012), and is onlysumaed for the underlying horizons.
Certainly the known insect inclusions do not caditasuch a conclusion, with the general biota
of Taimyrian amber summarized by Zherikhin (1978)e locality of the amber-bearing strata
has been detailed and mapped by Perkovsky and Kak2015: their figure 1).

The amber piece was trimmed and polished intoradhip approximately 1.26 mm wide
and 1.64 mm long, with the inclusion situated riearcenter and with its long axis parallel to the
amber’s length. The specimen is situated witheigss loutstretched from the body, and although
there are some minor fractures and distortionsiwitie amber, there are no major obstacles
obscuring dorsal and ventral views of the inclug@mithough its exceedingly small size places
makes some of its microscopic structural detaifscdit to resolve. Lateral views are not
possible through the thin edge of the amber chgshinclusions were present with the
planidium.

Photographs of the inclusion were taken with aggisioimager M1, in Kiev and Leica
M165 with attached Leica DFC 425 digital camerda(PThe format and general morphological

terminology for the description are modeled aften@ldi et al. (2005), particularly given the



remarkable similarity of the planidia. The desadptis provided in the context of preparing a
comparative account of Cretaceous strepsipterassamswork is the first step toward broader
explanations of diversity through time (Grimaldda&ngel, 2007). We have adopted here the
term ‘planidium’ for the mobile, first-instar, raghthan the often used terms ‘triungulin’ or
‘triungulinid’ (the latter are specialized descdgg applicable only to the three-clawed first
instars of Meloidae, ‘triungulin’ by definition refs to the three-clawed condition, which is not
applicable for these larvae or, in fact, any lavutside of Meloidae). Thus, ‘planidium’ is a
more general term for the kind of larvae observedther insect groups, including Strepsiptera,

and avoids unintended connotations tied to ‘tridimju

3. Systematic palaeontol ogy

Order Strepsiptera Kirby, 1813

Family Indeterminate

Planidium (Fig. 1)

Material. Planidium (first instar), PIN 3311/3243 Paleoatptal Institute of the Russian
Academy of Sciences, Moscow. Deposited in the Péddogical Institute, Russian Academy of

Sciences, Moscow.

Locality and horizon. Russia: Krasnoyarskiy Krai, Taimyrsky (Dolganorgtsky) District,
Taimyr Peninsula, right bank of the Maimecha Ri¥é&am upstream from its confluence with the
Kheta River (a left tributary of the Khatanga Rivefantardakh Hill. Upper Cretaceous,

Santonian (Kheta Formation).

Description. Total length (from apex of head to apex of abdwhsclerites, not including styli)
528.4 um; integument generally brown and slightyslucent (gut can be seen running length
of body as a lighter area, widening in abdomenrardow through thorax); integumental surface
relatively smooth although apparently microscopycaxtured (finely imbricate or coriaceous?)

on thoracic nota and abdominal terga.



Head prognathous, conical, tapering anteriorlycitely rounded point, shorter than
pronotum, median cephalic length 47.8 pm, maximostgrior width 83.3 pum; no sutures
evident; head separated from pronotum by distiremnbranous cervix. Apical part of head in
ventral view apparently with small set of mandild@sated in a ventral groove along apical
cone; mandibles close together, positioned to nmavzontally, with apex curved, apparently
without subapical teeth. Presumably two stemmataqut at posterolateral area of head dorsum
(circular lighter patches that are presumably statamanterior and posterior to area where
material is being extruded from head capsule dreegide). Two coarse ctenidia on ventral
posterior surface, anterior row composed of 4—8tegr either side of a broad gap, with gap
between each lateral part about one-half widthoof, rand posterior row composed of 8-9 teeth
on either side of midline, without prominent medjap and spanning full posterior width of
head.

Pronotum large, broad, median length 54.4 um, medidth 84.5 um, lateral borders
straight and parallel, anterior margin weakly cogymosterior margin faintly concave;
apicolateral angles each with a prominent, stitingate seta extending outward from body, setal
length 65.6 um; surface with scattered, minuteregged setae. Mesonotum large, median
length 67.5 pm, maximum width (posteriorly) 89.2,lateral borders straight, converging
anteriorly, anterior width 61.6 pum; anterior bordeparently straight, posterior margin distinctly
concave, giving posterolateral corners a broadlyded, lobed appearance; apicolateral angles
each with two prominent, stiff, elongate setae mdireg outward from body, setal length 48.9
pm; surface with minute, appressed, posteriorlgaléd setae scattered over surface. Metanotum
large (largest of thoracic segments), median le@§tb pm, maximum width (posteriorly) 94.5
pm, lateral borders straight, converging anterjafyterior width 62.8 pm; anterior border
apparently straight, posterior margin faintly comgaapicolateral angles each with two
prominent, stiff, elongate setae extending outwiaoth body, setal length 48.9 um,; surface with
scattered, minute, appressed setae although splaasethose on pronotum or mesonotum. Legs
well-developed and laterally extended; coxae nseduto thorax, comparatively large,
articulated posterolaterally on each thoracic vementrally separated by at least 2x coxal
length on prothorax and ca. 1x coxal length on marsd metathoracic segments, each coxa with
some short, stiff, preapical setae; trochantersrabapparently completely fused to femora;

femora strongly crassate, profemur length 45.3 maximum width 24.3 um, mesofemur length



52.9 um, maximum width 28.0 um, metafemur lengthy §8n, maximum width 25.3 um;
femora with some minute setae present at leastlypasadorsal margin; tibiae slender, each
shorter than corresponding femur, protibia lendtl641m, mesotibia length 55.8 um, metatibia
length 61.1 um; tarsus slender, undivided (witingle tarsomere), each tarsus shorter than
corresponding tibia, protarsus length 20.5 um, taesos length 31.7 pum, metatarsus length
25.1 um; pretarsal claws absent; large pretaraddelr present (as preserved, bladders are
slightly deformed and it is difficult to determigenclusively whether observed form on the
meso- and metapretarsi are double lobed or if ttegidition is merely postmortem distortion),
bladder lengths as preserved: 2.7 um (pro-pretar83ysm (meso-pretarsus), 3.5 um (meta-
pretarsus).

Abdomen slightly narrower than meso- and metathosegments, lateral margins
slightly widening toward midlength, not taperingosigly posteriorly; tergum IX greatly
reduced, strongly transverse; tergum X narrow,tshooadly rounded apically; tergum XI
apparently present as small, lateral, sclerotinbdd each bearing each terminal style connected
by thin band of integument; terminal styli elongdigstle-like, length 205 um. Tergum | length
41.4 um, width 86.2 um; tergum Il length 33.5 pndtiv 93.4 um; tergum 11l length 28.0 pm,
width 98.9 um; tergum IV length 31.9 pum, width ®fAm; tergum V length 31.0 um, width
100.9 pm; tergum VI length 26.7 um, width 90.6 pengum VIl length 31.5 pm, width 82.3
pm; tergum VIl length 33.8 um, width 65.9 um. Tasgith prominent, bristle-like setae
posteriorly, with at least one a pair laterallytemding obliquely from body, lengths 61.2 pm;
paramedian pair of setae extending posteriorlynatevithout ctenidia of any kind; spiracles
apparently absent (the abdominal segments carsberded remarkably well and there is no

evidence of spiracles).

4. Discussion

As noted, the record here of a planidium from Taiaryamber is potentially the first
report of a strepsipteran for these deposits.thashird account of the conicocephalate form of
these instars, the others being from Canadian amch&e amber (Grimaldi et al., 2005; Beutel
et al., 2016), although the condition of the laftessil marginally qualifies as it is apparently

much more broadly rounded, albeit still narrowihilke the planidium reported from Canadian



amber (Grimaldi et al., 2005), the head tapersrambg to an acute point giving it a cone-shaped
appearance (conicocephalate); there is a distnetse, ventral ctenidium posteriorly on the
head (two rows in the Taimyrian planidium); thenqotum is large and almost square; the coxae
are large and free from the thorax; the femoragegatly swollen; and there are numerous, long,
stiff setae all over the body. If the Canadian spea has only a single tarsomere (as we
suspect), then this would also represent a fugimeitarity between the two specimens. It is
tempting to consider all of these features as sgaipmorphies between the two Cretaceous
planidia owing simply to their antiquity relative mmodern forms. In the absence of a resolved
phylogenetic position for these larvae and idealbyroader sampling of material and diversity
from the Cretaceous and Palaeogene, there is tificaison for a priori assuming these species
embody plesiomorphies in all traits. The long, theiike setae, the conicocephalate heads, and
the ctenidia could well be considered apomorphlajerthe free coxae could be more readily
argued to be a retained primitive feature. Of ceutise polarity of all of these traits requires
testing.

Naturally, there are some distinct differences leetwthe Taimyrian, Canadian, and
Burmese planidia. The abdomen is narrower and mipeoatively uniform width along its length
in the Taimyrian fossil (Fig. 1), versus the braaaledomen that strongly tapers posteriorly in
the Canadian and Burmese species (Grimaldi 2@05; Beutel et al., 2016). In addition, the
apical-most abdominal segment is elongate in thea@ian and Burmese species, while this
same segment is short and much broader than laihg ipresent fossil, in this regard better
approximating that condition present in crown-gr&ipepsiptera (e.g., Pohl, 2009). The dorsal
bristles of the abdomen are more elongate in thmyr&an species, at least those paramedian on
the individual terga. In the Canadian speciesdkeral margins of the head are comparatively
straight, converging anteriorly to an acute appmaht and giving the head a strongly triangular
appearance in dorsal view (Grimaldi et al., 200%)s is analogous to the condition observed in
the present fossil, while the Burmese amber spatimas the head more rounded anteriorly
(Beutel et al., 2016), better approximating thedibon observed in modern Strepsiptera (Pohl,
2000). The mesonotum is the longest thoracic segmehe Canadian species versus the
metanotum being longest in the Taimyrian planiditlmygeneral, the meso- and metathoracic
segments are more elongate in the latter spediasr ridan broad in the former. The posterior

margin of the mesonotum in the Canadian specistsagyht, while it is distinctly concave in the



one from Taimyr. If these are strepsipterans, atewe to suspecvide infra), then it would be
fascinating to know what the corresponding aduightrhave been like for these species, and
whether they were anything like the adults of thenjtive, stem-group fossil genera

Cretostylops Grimaldi and KathirithambyPhthanoxenos Engel and Huandinzelbachilla Pohl

and Beutel, oProtoxenos Pohl et al. (Grimaldi et al., 2005; Pohl et a003; Engel et al., 2016;
Pohl and Beutel, 2016). Of course, and quite uafately, adult strepsipterans have not yet been
recovered from either Canadian or Taimyrian ambmrsthe discovery of these planidia
reinforces the hope that in time males shall bevered and shed further light on the Cretaceous
diversity of Strepsiptera.

Earlier, Pohl (2009) excluded the Canadian plamiditom Strepsiptera, concluding it
represented a nymph of Tubulifera, specificallyimpthe putatively dimerous tarsi and elongate
apical tergum. The presence of two tarsomeresaiCtmadian species was not conclusive
(Grimaldi et al., 2005), and there very well maydogy a single tarsomere, as in the present
fossil. Moreover, the Canadian and Taimyrian speoasrdiffer from thysanopteran nymphs in
the reduced mouthparts, more strongly sclerotizetids, lack of well-developed eyes, stiff body
bristles (characteristic for parasites), presericgemidia, absence of antennae, and presence of
elongate terminal styli. As to the elongate apieegjum IX in the Canadian species, it would
appear that this is merely an autapomorphy oftthain as the tubular segment in
Phlaeothripidae is tergum X (in fact, seeminglyhis respect similar to the Burmese amber
specimen: Beutel et al., 2016). The segment iridbsil furthermore resembles little the
condition in Thysanoptera. Given these realitiedekeve a thysanopteran or even
paraneopteran attribution is not supported, ancemexently Beutel et al. (2016) have also
argued that these forms must be holometabolandarva

Recently, Beutel et al. (2016), when describingBhemese amber specimen (of which
there are actually several such planidia known ftloese deposits: pers. obs.), rightly noted that
many of the features observed in these planidiaiakaown among crown-group Strepsiptera,
and attributed the fossils to the beetle familyiptipridae (Tenebrionoidea). While the absence
of traits of crown-group Strepsiptera is importdhis does not exclude such a relationship and,
more importantly, the differences could represeatures of the stem group. One would not
expect a stem-group strepsipteran planidium tontieety like those of crown-group clades. By

their very nature they should lack some, or posdigtmany, synapomorphies of the latter; have

10



symplesiomorphies with other groups; as well agju@iapomorphies of their own. Indeed, only
adult Mesozoic Strepsiptera are known for stem gsdGrimaldi et al., 2005; Engel et al., 2016;
Pohl and Beutel, 2016), and so the traits embdolettheir associated planidia are entirely
unknown, but would have assuredly differed to sdegree from modern strepsipteran larvae.
Thus, the present fossil larvae could just as yasilong to Cretostylopidae, Phthanoxenidae,
Kinzelbachillidae, or even the younger Protoxenidderely the presence of unique features
does not refute the strepsipteran hypothesis. Gealyg one cannot make the same argument for
planidia of Mesozoic Ripiphoridae as all of the Wwmofossils of this family belong to the crown
group (Perrichot et al., 2004, 2007; Falin and Er@@10; Batelka et al., in press), and therefore
should, by definition, have those features knowrttieir respective subordinate clades. Most
importantly, the basal lineage of Ripiphoridae, Breéecotominae (Batelka et al., 2016), lacks
planidial larvae and contains parasitoids of wood#yg beetles (Lawrence et al., 2010). Thus,
basal ripiphorids, and therefore also likely thensigroup to the entire family, are not expected
to have planidia. So, while one expects a Cretastrepsipteran planidium to be quite

different, perhaps strikingly so, from their crogroup, we expect precisely the opposite for
Cretaceous ripiphorids. Namely, if ripiphorid pldiai were discovered from the Cretaceous, then
they would correspond only to a higher clade withi& crown group. In this context, the

cavalier assignment of these fossils to Ripiph@iddess tenable than an association with
Strepsiptera, because none of them are like tineapyi larvae of Ripiphorinae or Ripidiinae,
despite assertionsifle infra).

There are any number of features peculiar to tRestaceous larvae. As we note
however, these traits cannot exclude them fronsttepsipteran stem group, and instead only
serve to denote that they are different from tleever group. For example, the absence of three,
peg-like, stiff spines on the ventral surfaceshef toxae does not preclude a placement as a
stem-group strepsipteran, particularly if thesactires are a synapomorphy for only the clade
that circumscribes Mengenillidae + Stylopidia, lte exclusion of the more basal families. The
presence of these, and in faay larval traits, in all of the more basal lineagéStrepsiptera is
unknown and it cannot, therefore, be used as ew@for exclusion until such time as there is
positive evidence that this trait is indicativeaofnore inclusive clade. This same line of
reasoning applies to the conicocephalate formehtmad, the coarse ventral ctenidia, the

absence of large stemmata (yet, the fossil undéysippears to have stemmata represented,
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albeit they are small), the laterally protrudingae, the absence of rows of spines and setae on
the abdominal sterna, and the elongate stiff seftlee Cretaceous taxa. As to the putatively
dimerous tarsi, the tarsus of the present fossiiearly not dimerous, and this is likely the same
for the Canadian amber fossil. We cannot speakd@aondition of the specimen reported by
Beutel et al. (2016), and apparently neither colgse authors as they merely refer in the
description to the tarsus and not to a specificlmemof tarsomeres. But their figure tends to
indicate that it is undivided and, in fact, momasar to Strepsiptera (Pohl, 2000) than those of
the Canadian or Taimyrian specimens. The putatigerzce of sternal plates in the Burmese
specimen seems to be a taphonomic artifact, gerésent planidium clearly has sternal plates
(e.g., the prosternum can be seen in Fig. 1B). Atingly, the above characters do not constitute
an argument for the exclusion of the fossils fraemsgroup Strepsiptera, nor do they support
placement anywhere else.

Returning specifically to Ripiphoridae, the chaesstused to attribute these fossils to the
family are questionable and there are many polrasrequire clarification. The ripiphorid
hypothesis rests in essence on the following featresence of ‘pad-like distal leg
modifications’, ‘head shape similar to ripidiinedanpiphorine larvae’, and effectively the
presence of ripiphorids in Cretaceous amber (Baital., 2016). With regards to the last of
these three lines of evidence, this hardly cortsstevidence of any kind, because strepsipterans
are similarly known from Cretaceous amber. Furtteeenthe known strepsipterans are stem
groups to the Mengenillidae+Stylopidia clade, whsrthose known ripiphorids are members of
crown-group Ripidiinae, or a single species of Baieminae which have no planidia (Batelka et
al., in press). Regarding head shape, the hea@ stiaipiphorid larvae and strepsipteran
planidia are actually nearly the same (e.g., Best d956; Pohl, 2000, 2002; Lawrence et al.,
2010), and both are different from the head shépleecfossils, particularly the one specimen
described here and the Canadian species. Thuslabssnot constitute evidence of attribution to
Ripiphoridae so much as it merely emphasizes, agae, that the fossils are peculiar with
respect to both groups. In the present fossilidistal-leg modification’ appears to be a
modification of the pretarsus, forming what we beé is analogous to a pretarsal bladder. Here,
we do admit some similarity to the fleshy pulvillelssome Ripidiinae and Ripiphorinae
(Lawrence et al., 2010). However, given the curedrstence of any other features indicative of

crown-group Ripiphoridae, particularly Ripidiinage are forced to consider this as convergent.
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Moreover, if the rounded and expanded tarsal lobed in Strepsiptera results from unification
of the pretarsus and tarsus, then this could eellasent an early development of the
strepsipteran trait. This feature remains speadatnd we do not consider it as evidence for
placement in Strepsiptera, but only note it to hgtt that the differences between the two are
rather subtle, particularly when one realizes #railarities with ripiphorids are elusive.

Since we expect a Cretaceous ripiphorid planidib@sed on available information from
the known Cretaceous adults, to have charactalseafrown group, one can immediately note
that crown-group ripidiines (and, in fact, all ppiorids) are entirely without analogs to these
fossil larvae (Besuchet, 1956; Lawrence et al. 020&or example, crown-group ripiphorids lack
ctenidia as observed in the fossils, possess wekldped antennae with a long setiform
sensorium, well-developed stemmata, a gula, dissipicacles on the thoracic and at least some
abdominal segments, and a trochanter, while iires (to which all previously described
Cretaceous ripiphorids can be assigned withoutdtesi: Batelka et al., in press), members
possess an elongate tibiotarsus. None of thesarésadre present in these fossils, and to
consider these larvae as ripiphorids would reqail@ng list ofad hoc reversals or modifications
in order to squeeze them into the crown groupjqadairly for Ripidiinae (Besuchet, 1956;
Lawrence et al., 2010). It is particularly reveglihat the larva described here lacks a gula, a
trochanter, and pretarsal claws, structures presambwn-group ripiphorid larvae but absent in
Strepsiptera (e.g., Pohl, 2002); and at leastatterltwo characters are apparently apomorphic,
tending to suggest some kind of relationship.

Indeed, as in modern Strepsiptera, the Taimyriaggilfthas a single tarsomere (which is
acutely rounded apically, albeit bluntly attached@ tpretarsal bladder), fused trochanters, 11
abdominal segments, horizontally-moving mandibidsat appear to be two stemmata, and lacks
abdominal spiracles and pretarsal claws (Pohl, 22002). This combination of features serves
to distinguish this planidium from an early-instgniphorid, as well as other clades with
planidial larvae (Pohl, 2002). Interestingly, thamdibles situated anteriorly on the head and in a
ventral groove of the apical cone could be consder precursor to the reduced, preoral
mandibles situated within a small cavity in modstmepsipteran planidia. There is some form of
material extruded from either side of the head pistion of the stemmata. On the one side it
appears as though this is being extruded frongatsfi ventral position, while on the other side

it is from a more dorsal position, and while theg&usions are along the same transverse
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tangent, they are therefore asymmetrical in pdimtrigin. The nature of this material is entirely
unclear. Perhaps examination using synchrotroratiadi |1-CT might aid any further inquiry
into this matter.

We certainly agree with Beutel et al. (2016) tihatsie miniscule fossils are peculiar and
challenging to place with confidence. Nonethelassl, in the spirit of collegial scientific
discussion, we respectfully disagree with the iiytalf their argument and believe that their
assertions have been made from a line of reasthnatgeads as an almaspriori decision that
these must be beetles. We believe the matter exjfuirther careful consideration, but that for
the time being and with all other evidence beingagcthere seems to be more slightly in favor
of an attribution to stem-group Strepsiptera tlwRipiphoridae or any other known beetle
clade. Of course, a thoroughly conclusive decisi®mo the identity of these remarkable plandia
must await the discovery and documentation of &rrthaterial, and an enriched source of
character information. Fine resolution of the anat@f these animals is needed in order to
better resolve our understanding of their phylogjeregfinities, and certainly more is required

before they may be finally placed among the Coleiapt

5. Concluding remarks

The present discovery provides a significant nesone for the Santonian fauna of
Taimyr amber, indicating the potential presenc8to¢psiptera. The fossil further provides
greater information and possibly further clarificatas to the identity of these enigmatic fossils,
tending to refute the possible association witttleeef the family Ripiphoridae. Admittedly,
the placement as planidia of Strepsiptera is netwlkielmingly supported, but the limited
evidence suggests this is more likely than theigpets representing beetle larvae. We believe
the most solid position is to admit such doubtgyd&dless, these tiny fossils reveal the
wonderful diversity of insects during the Cretacgowith its many significant varieties that

existed and perished long before the fauna as werstand it today came into form.
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Figure Captions

Figure 1. Microphotographs of planidium in Taimyrian Upggretaceous amber (PIN
3311/3243). A, Dorsal habitus of specimen as pvese B, Detail of ventral surface of head
(rmd = right mandibular apex, a-ct = anterior ctiégliteeth, p-ct = posterior ctenidial teeth). C,
Detail of midleg (cx = mesocoxa, fm = mesofemur, seta = mesonotal seta, tib = mesotibia, ts
= mesotarsus, pt = mesopretarsus).
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